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iin wild type Escherichia coli the periplasmic enzyme
-alkallne phosphatase is closely asSOCiatedfwith the'cell,'since
it cannot'be releasedmby altering_the‘pH or cation concentration
Vofhthe medium° |

Vﬁutants mhlch‘release periplasmic enzymes“or-have'altered
cell envelopes have been imwlated andftheir properties studied;
Two mutantSfthat_released periplasmic‘enzymes were‘studled in
detail, Qne released‘large amounts of the periplasmic enzymes
alkaline phosphatase, rlbonuclease l‘and-asparaginase II,ibut
little B galactosidase, aﬂcytoplasmic enzyme,‘and;was more sensi;
‘tlve to’ deoxycholate than the wild type.. The mutation respons-e
»1ble for this phenotype omd (outer membrane defect) was mapped at»r
v'approx1mately 6 minutes on- the E c011 chromosome close to E__A
‘The mutant had altered levels of several outer ‘membrane protelns
but ln particular had reduced amounts of the‘outer membrane

hblipoprotein.

The‘other-mutant wanabtemperature;sensitl;e lysls mutant;

‘which at,semi;permissive temperatures:released_large:amounts of -

‘ribonuclease_I.but no alkaline'phosphatase, was sensitiVe'toZde-"

‘ oxycholate'and gentian violet and was mucoid.c‘This mutant_ie__ﬁ
probably temperature sens1t1ve for cell mall synthes1s

In mutants of ‘E, c011 and Salmonella typhlmurlum defectlve

in l1popolysacchar1de core»blosynthe51s_the amount.of,rlbog'
nuclease.I”releasedbincreased as the_core‘defect became greater.
“In Et coli"these_mutants'di‘d__notv_release_'alkaline.phosphatase°
Mutations causing reslstancento Tl or To_did'not cause peri-
plasmic.enzyme‘release.

Ribonuclease l ls‘more'eaSily'released'from the cell en-

: velope'than alkaline phosphatase which may be due to a-difference.



_;Béfween'them”in-Size o;‘aidifferéhCe in”lécéfién; :Ihéiéasihg.r{'u
the berméébilitf ththé-oﬁféf meﬁbiane doesbgot nécessaiil§ de-
' §troy'the>iﬁtégfifyiofbfhevbéripigs@. The maintepanée of;péri%.
plasﬁicienzymésiinvthé-¢eli:eﬁveiépé ¢annot'be;éipléiﬁeﬁ by a
éimblé:péiﬁeABilityvmoael, Howévér;uhd eQiden;é:Wés.found fOr
7;the;specifiéfassbciatioh of peiiplasmic-énzymeé~wifh éell'én;:

" velope $tructures.



~ INTRODUCTION . -



. SECTION 1

The Pe'riplasm




M1tchell (1961) worklng w1th ESChQIlChla coli showed that

'::glucose 6- phosphatase (E c. 3. 1.3. 9) behaved as 1f it were loca-
ted at the cell surface, although 1t was also present in the
soluble fract;on following cell'homogenlsatlon. He proposed
tthat_thete was an-area‘outside‘thetcytOplasmlc-memb:ane which
could contain enzymes, and which'would be'separated'from the
‘ media by a;moleculat sleve:layer. He_termed this area thenperi;h
:_plasm. Since Mitchell's first‘observation many.workers havel
’found enzymes and protelns wh1ch behave .as 1f they are located
'u1n this area (for reviews see heppel 1971 and Rosen & Heppel
1973) | |
The perlplasm 1svconf1ned to gramonegatlve bacteria

(Heppel 1971) although wall assoc1ated enzymes are.present‘in
_'other organlsms such as yeasts, fungl and gram—p051t1ve bacterla
‘(Demis, Rothsteln & Meler, 1954; Trev1th1ck & Metzenberg, 1966'
;Sargeht, Gosh & Lampen, 1968). As deflned by Mltchell (1961),
the perlplasm‘is pecullat'to'thepgram-negatlve bacterla, ptob—
ably'as ‘a result.of.the_complexitytOf‘its'cell envelope, and the
ptesence of.the outetymenbfane (see Section 2.for-an account;Of_
' the_grambnegative’cell‘envelope),:

' Periplasnic enzymes ditfer from other:enzymeS“in'that their
activities:can be:measured in Whole cells using‘substrates_knéﬁn -
‘,notbto penetrate.the cytoplasmic membtanev(Brocknan & Heppel,
1968,:-I0rriani,.1968),' They are also‘found-in.the supernate
v:follOWing cell hombgenisation and ultra;centrlfugation (Heppel,
1971) | | o
| Osmotlc shock (Nossal & Heppel 1966) and sphaeroplast form-,”
ation u51ng.lysozyme (Malamy,& Horecker, 1961)vcauses the.select—_'

.ive_release of these proteins, but not the enzymes known to be



.-cytoplasmic in location. Sphaeroplast-formation’usinggpenicillln
_ _ T A A : ..
orilysinerstarvation of a'lysinedauxotroph does not eause'select-_
by ive release of perlplasmlc enzymes (Heppel 1971). Mutants iso-
lated for cell envelope defects often-show specific'release‘of
_ perlplasmlc enzymes lnto the medium durlng growth (Mangiarotti,
Aplrlon & ‘Schlessinger, 1960)vwhlch,rs takenlas an 1ndication.0f'
'periplasmic localisation. | | |
Perlplasmlc protelns may be sp11t into two functlonal groups-?

the b1nd1ng protelns and the perlplasmlc enzymes

B1nd1nq Protelns

" These- form 2. group of small molecular welght proterns (less
.than 50, OOO M. w ) which spec1f1cally and reverslbly bind small |
llgands and substrates, but have no known enzymatlc functlon
(Rosen & Heppel, 1973) Blndlng protelns are present rn "animal
'tlssues bacterla and fungi; butIin’gramtneoative'bacteria some
of them behave as 1£ they are perlplasmlc, belng released by os-.
motlc shock ‘and by lysozyme sPhaeroplast formatlon.(Nossal &
hHeppel 966) Pardee and Watanabe (1968)" demonstrated ‘the peri-
plasmic locallsatlon of,the sulphate_blndlng proteln us1ng an in-’
.phibitory‘dye3 which canvpenetrate'the_outer membraneybut not the
oytoplasmic membrane. ‘The‘sulphateAbinding’activity‘of cell-ex;'f
_tracts; but not.of mhole'cells, wasAinhibited by the additiOn»of
specifio antisera,‘shouing that the“sulphate-bindiné protein wasf
notvexposed on the surface of the eell - Nakane, Nlchoalds and
Oxender (1968) using a hlstochemlcal technlque showed that the
leuc1ne/va11ne/1soleuc1ne b1nd1ng prote1n was present in the
fperlplasm.
Blndlng protelns are thought to be involved in transport

across the cytoplasmlc membrane (for a review see Rosen . & Heppel



L)

1973)..vA mutantrof‘E. coli, the'result'of a‘single ﬁutation;
.,whichvlacks sulphate-binding proteih‘was also'deficient‘in sul-
: phate'trahsport_(tha3 GalsWorthy‘&;Pardee;_1971).» Osmotic
shock not'only causes. release of the periplasmic binding.proe
_telns (see Table 1) but also a - substantlal decrease in the act-
ive transport of several substrates (Rosen & Heppel 1973)
Actlve-transport.of_substrates for.whiCh no-binding protein'was:
'Afoﬁnd int;hock'flpid was unaffectedlby.thisatreatment.: Ihe
floss'of phosphate transport.in.shocked'cells cah be partiallyl
restored by the addltlon of phosphate b1nd1ng prote1n to the .
cells (Medreczky & Rosenberg, 1970)

Sihger (1974)1proposed a model for sgbstrate'trahsport_
”which in?olVed,periplasﬁic blnding-proteihs,(Fig. 1). The bihd-"
. ihgpprotein-recoghises and binds the substrate, Causingpan allo-

. steric.change in anﬁintegralxmeﬁbraﬁe protein; which opens a.
water- fllled pore for the substrate to enter the cell. "He also"i
vsuggested that the per1plasm1c b1nd1ng protelns are llghtly‘
pattached.to rntegral proterns of the.cell'membrane and are'peri- :
pheral’membrane proteins. Rosen.and.Heppel.(1973)-a1s0'diSCdss:
.this.posslbility3 but_pointVOut that membrane vesicles; made by
the>method-of Kaback,(19f1)ldid not contain periplasmic bihdino'l
.proteins They do not dlsmlss the poss1b111ty that these blnd-l
ing protelns are. free in the periplasm. |

Kaback (1970) proposed that perlplasmlc binding protelns‘
might have;a role_ln chemotax1s, wh1ch is thought to occur by
non—metabolic means (Adler 1970) He also p01nted out that the-
evidence for 1nvolvement of perlplasmlc b1nd1ng protelns in act—v'
ive transport is 1nd1rect, and_that osmotic shockvwould a1so're5»

lease the acid-soluble nucleoside pool from the cytoplasm, which’



 Table 1

anymeé Releaéed'by Osmbtic Shock .. -

| Enzyme o " " ‘Molecular Weight

Alkaline phosphatase — _ v_".‘A o 80,000
Acid he#ose_phosphatas¢  ,  o :' R .
_ Cyclic phosphodiesterase . | 60,000
 5'-Nucleotidase IR 52,000
Ribonuclease T - 11,500 -
DeOXyriboﬁuciease 1 e i .I' ,. B '32,600 |
'Aspariginase 2 ‘ ' L . : 3 ' S
Penicillinase = = . . . ‘Various
' Strépfémycinvadehylatiné enzyme . | S

- Thymidine phosphorylase )
)
)

Deoxyribomutase , )

Deoxyriboaldolase -

ADP-Glucose pyiophosphatase‘ﬁ L , ' . -

Proteins Released by Osmotic Shock = . =

-"Bin&ingﬂprétein._ : ' - ’_Mqieéular Weight

Sulphate = - . 32,000
Phosphate o o R . 42,000 _i-
‘Galactose f.__ ;--‘ S L - '
L-Arabinose = - | 32,000
Ribose -~ . L B 36,000
"Leuéine/ISéléucine/Valihe Lo '_v | : _'i” 35;OOO v
Arginine R . 27,700
Lysine .1 26,200
Phenylalanine o A .iA ' ."24,000 
Histidine S . | 25-26,000
) Glutamine - A : "b<," : ' ».‘.-' -
cystimesoae |

Glutamic acid -~ R R -




Fig. 1.

_Possible Role of PeriplasmiC'Bindinq Protein in

TranspQrt Across the Cytoplasmic'Membrane'-

 outside
0, . :

ip

'bp = periplasmic binding
: protein L
= integral membrane
- protein
‘s = substiate_

(from Singer, Ann. Rev.
Biochem., 1974)



'conld affect'acrive transPort by.depletlon'of high energy:reser—
.vves;i However; many transport sysrems which do not have peri-

_ plasm1c b1nd1ng protelns are unaffected by osmotic shock

| , The R2 proteln, a regulator of alkaline phosPhatase,

(ﬁ c. 3.1.3. 1), is also released by osmotlc .shock. It‘blndsr
phosphate but 15 not 1nvolved in phosphate transport, and is dis-
" tinct from the phosphate- b1nd1ng proteln (Medreczky & Rosenberg,.
1970) Mutants deficient in R2 proteln produce large amounts of

alkaline phosphataSe.

Periplasmic enzymes

_ This'is the,rerm given to a‘group of‘hydrolyticpenzymes
.which‘are locared at'the'cell Surfacerof gram.negative bacteria.
They aresmainly suéar phosphatases, nucleosidases-or’nucleaSes,
awhich are:thought to modify substrates so they can he trans—
pOrted'into‘rhe cellr All rhesedenzymes can,he released'byIOS-
.moticushockvorfsphaeroplast?formation.: A list is given in lahlen

1.";.. »

Sugar fhosphafases

Alkallne phosphomonoesterase (E c. 3. 1 3.1) is probably the
d, best studied example.' ThlS enzyme is produced by E. COll when
' growingdunder phosphateglimiting conditions, (Echols, Garen,
Garen & Torrlani, 1961) and isyalso”necessary for érthh on gly-
.cerol phosphate as theisole'carboniSOurce (Torriani & Rothman,
196l);1 The,enzjme is repressed'by hlgh:levels of~inorganic phos;
;_phate.:‘Localisation ofvalkaline phosphataSe'has been'sfndied us-
ing nany'techniques. Malamy and Horecker (1961) were the first
to demonstrate.release of this enzyne hy'lySOZyme'sphaeroplast
,formation. .lt hasialso-been shown'to be located in the cell en-

velope by both ferritin antibody labelling and‘reaction product



déPOSition under the eiectroﬁ microscopeb(Wetzel, Spicer, Dverak.
..& Heﬁpel,'197oif .Alkaliﬁe phosPhatase'(APasé) ié é'di@efvof
appiéximaféiy 80,000 méiecuiar.weight; Monomers of APéSé are ex-
' éretéd_acrésg the éytoplasﬁic_membrane and dimerise in thé_peri;
plasmic space (Schléssingér;'19685;' |
'E. éoii also contains:sevérai.peripiasmic écid'phosphétases
(Neu & Heppél; 1964). These:iﬁcludé acidfhexqse'phosphatase'spg—.-
'éific for certaih sugér phoéphate»ésteré (Dvorak, Brockman.& .
Heppel;:1967), a non specific'ééid’phosphatase (E;c..3.1.3.2)
'(Dvorakvgg_gl;, 1967)fand aniacid'phosphétase_with a pH optimum
. of '2..5» (Hafkenscheid, 19‘68)-._ - | |

Nucleosidases and Nucleotidases:

5i NuciedtidASe (E.q.,3.i.3;5) is.iﬁhibitéd by a“cytoplaémic
prbteip’(Melo & Glaser,'léééj which.has.to.be destroyed by heaté
ihg’before.itg activity can Be measured in céll homégenate;’_Thé
.inhibitor‘proteihfis not released Ey oSrr#dtic_sﬁoc‘k° Tﬂe enzyme
.:hés hyd£01Ytic &ctivity'againét Uﬁfébas_weil“as Sﬁ.nucleotidés
.‘(Glaééré'ﬁélo.&.Paul, i967)., A'cyélié_phosphqdiestegase Whiéh
hydidlyses'ribonucleoside 2'—3'—¢yclic pﬁdsphates to nucleosidesf
'énd’phosphates was found byfAnréku (19643 &’g)? ‘Three enzymes -
_Which afelinvoived in thymidine bieakdown'wefe’releaséd by os-
. mOtib shock aéﬁén 6rgaﬁiéed_§omplex; >Toluénization or éonicatioh.h
caused_inhibifionlpfvthis.fgnction-in.shoqk_fluid.(Munch—Petersen,.
1968)ﬁ'?
Nucleases.5 B
‘_Thé pefiplasm of E._coli_cohtains fwo nucleases. One of
:them, deoxyribpnucleése,I.produces ﬁnicks“ in one strand of £he
.‘DNA'duplek,v It'is‘unusual in that it is partially releaséd by

EDTA/Tris treatment. The other nucléase.is:the latent



-

ribonueiease, ribonuelease 1 (Spahr'& HéliinQWOrth,.lgél),‘ iﬁ
1ceil.homogenates'it is boundlto;the 3OS rrbesomal'sub-nnit; but
this 1s an artlfact .of homogenlsatlon (ﬁen & Heppel 1964b).
The enzyme is fully actlve when released by osmotlc shock

Other.Periplasmic‘Enzymes

‘E.lceli also contains a periplasmic aéparaginaee,:
asparaglnase 11 (E.c. 3.5.1. 1) Wthh is active against mouee
lymphomas (Mashburn & Gordon, 1968) Thls enzyme_ls“only proef
duced at. low oxygen tensrons (Jeffrlee 1974;: Cedar & Schwartz;-
1967); Several pen1c1111nases.are perlplaemicb(Datta &h
‘.Richmond, 1966; Burman, Nordstrem & ﬁoman, 1968) altheugh there'
s doubt as to:whether'al; of them are..'Smithi(1974).Showed |
'rhat:B-laetamases.above'arcerrain‘molecular weight were not re-
'>1eaéed by osmotic sheck._‘Strarnsbof E; eoli which carry an R |
faétor conferring-resistance rq:streprqmycin, centain an enzyme.
- which ie‘periplasmic'and'adenylates streptomyein (Harw00d &"
'vSmrth 1969). Thls enzyme requlres ATP Wthh 1mp11es that. ATP '
1must become avallable in the perlplasm if the enzyme 1s truly

‘periplasmic.

anymeJLocalieation in,BaCteria

‘Thenétudy'of enzyme 1ecalieariqn.isvoften‘difficulr.y
Attempts fé-fraetionate,celis foilowing.hOmogenisation do not
precludeyfhe pessibility rhat1thelasseciation ofean enzyme with'
a»partrcular cellifractiOn,:may.be caused by fhe'homogenisation'
procedure (Neu-& ﬁeppel 11964-"Hardy‘&:Karland -1966) Many en-
zymes are known to be located in the bacter1a1 cell membrane and
,many, 1f not all of the partlculate enzymes are llkely to be
membrane bound (Rothfleld & Romeo, 1971) ' The.cytoplasmlc mem;-

-brane of bacterla has to be respon51ble-for many of the functions



of the celllbrgaheiles of eukaryoticibrganisms; e.g; iepliéation
-and segregatioh'of the chromosbme’(qécob, Brenner»&‘szin, 1963)
and thegphqtosynthefic‘appaiatus:of baéterié_(Iuttle'&'Gést; - |
1'959)'. - o | |

‘_It is pbésibié that'periplasmic‘énZymes éfg C1oseiy_a550ci—
-ated ﬁith one of the two céll envelope membréneé_bf-gram negafive
pacteria‘(CoStertqn; inéram & Cheng, 1974), Singer'é modél.(1974)
_of.iigand tfansport by périplasmic binding protéin suppose$ ah' |
attachmenf'of profein‘to-cyt6p1asmi¢'membrané (see Fig. 1) bﬁt;
this remains to be démonétréted.__Heppel (1971)3p6ints“oﬁt_thét,
fhe:aésociation‘ﬁf‘periplasmic ehZYmés.within the celi.ehvélopé,
is not clear; andjhe-emphésises'that it is not knowiif thébén;
zymeé occupy sites_&n the cell envelope, or are free, #andwidhed

between the two cell envelope membranes.,

.



The Bacfei:iél Cell Envelope -



Bécteria’aré ciéssifiéd into.twd groupsﬁaccording to thé
coﬁpoéition aﬁd orgaﬁisation'of thei:'éutér_layéré; Thegé»aré
the.gram positivé_and the é;am.negétive bacteria. The cell en-
velopes of bdth_these'groups conform to a baéig pattérn; con-~_
Sistihg'éf‘thé osmotic bariier of thé Céll, the cytoplasmié
membiéne,.and'a riéid-celliwéli, in which-peptidoélycan.is‘the
main structﬁrél‘compénent (Fig.‘2). vThé‘gfam negatiQe;éeilfenf
velqpé confains.much‘less'peptiddéiyéan and'moreglipid'fhah the

gram positive envelope.

Gram Negative Cell Eﬁvéloﬁé‘.

_ The céll énvelope of graﬁ hegative baétefié appeérs as a
mulfiiéyeied structure.in thin,sections examined by elec¢tron
»microscépy.. Fivé définité 13ye;s can be seen (Fig. 2)»(Giauért
& Thqrnléy; 1969);.'These éorrespond to thé th_me@bténés of the

cell envelope, the'cytoplasmié,membrane and the outer membiane

‘and a densely staining intermediate layer, the cell wall. The

Ceii thelépé is made up of peptidoglycan; lipopr0teip,'phospho;
iipid; piofein;1ip0p§1y$a¢cﬁaride and p61ySaccharide. _fhe cell'
.wallliS so élosély'assqciated.with the cytéplasmic ﬁebbrané
.:tHAtﬁit is veiy difficﬁlt to ;emdve:alllof it during fhevformf 

ation of protoplasts. The protoplasts with pieces of cell wall

"~ attached are called sphaeroplasts (Birdsell & Cota—Robles,_1967).-

"Intact~giam.negative-bacteiia are less sensitive to many
' water—éo1uble antimicrobial agentSjsuqﬁ'aé éeniqillin than gram
positive_bacferia although'fhe concenf:atién“of égent needéd to
iﬁhibit the térget site is gimilar in both groups. 'fhié is due
to the osmotiéibérrier createdvby thé Outer”memb¥aﬁef Hdwever,
~the grém hegati&e cell wall.is mbre:§L§céptib1e to mechanicai‘

damage than thelgram positive cell wall which is much thicker

16
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lL(Hughes,‘Wimpenny & Lloyd, 1971).

ea)' The‘cyt0plésmic membrahe

.Iﬁe membraﬁes of both‘g:am positive and gram_negative bectef
ria  have maﬁy'siﬁilerities and.this discussion, unless specified
will 'appiy__eqﬁélly- to both. | |

The'cytopléSmic_membrane ferms tﬁe osmotie‘bairier ef'the
' ce11 aﬁd.ie es§ehtial1y:a'lipid—protein-sfructﬁre.j Much of the
.meﬁbrane-lipid ekists in bila&er‘form, whieh-is consistent with
Dahielli'&_Daveon's (1935) model.l'However there 'is evidence to’
sugéesf thaf the proteins Are arranged;not'as a continuous_iéyé;
on_either side'of.themiipid'bilayef, but fetﬁer as diserete glof-.e
bules w1th1n the 11p1d matrlx, sometlmes traver31ng the 11p1d
bllayer (Slnger 1971) (Flg.,4). The unlque propertles of
lipids are responsible for the semlpermeable barrler of the: mem--
vbrane,vwh;ch_behaves as a fluid matrix (Rothfield, 1971); 'Tﬁe_'v
‘fluiditf of‘membranes is importent to‘allowvdiffusion'to'teke
.plaCe._ »

F_Apert'frem;having'a'permeabiiity bairier.funcfion; many com-
'pleg feactiOne take plaee in the membraneseof bacteria? as.des—
eribed'iﬁ“SectiOn 1. 'Eﬁzymes.locafedbin fhe cytoplasmit mem-~ :
brane of bacterla are 1nvolved in cell wall synthe81s 6xidati§e
‘.'phosphorylatlon actlve transport across the membrane and‘syn~

thesis of fatty dcids. ItAis likely that all "particulate"
enzymes'ere meﬁbrahe—bound (Rothfield'& Romeo 1971). Many of
the membrane bound enzymes requlre 11p1d to be active (Flelscher
& Klonwen? 1961) and it is probable that the lipid/protein
'interacﬁion'ln the membranes is impertantein’the1formation of
the active sifes of fhese enzymes (Ro#@field & Romeo, 1971).

Although protein and lipid ‘are present in both layers of



‘Fig. 4.

- A Possible Arranqément of Proteins and PhosphOlipid»in "'

Membranes

: ip

integral membrane protein:

© . sp supefficial’membrané protein.

49
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;the bilayer it does:not follow.thatftheir oomposition.ielidenti-

cal. hFor.examnle in;animal-cells.and inhthehforespore,membranev

~ of Bacillus spprthedlipidvbilayer has heen'shOWn tovbe”aSymetric
1(Ellar,_ 975). . The lateral movement of lipids”within a membrane

VlS very rap1d (Poo & Cone, 1974) ..It has'been estimated:that'a

lipid molecule can move(from one bacterial cell pole to theyothert'

.in 5 seconds (Ellar,'197$); Howeverdthere’does_not seem to.hej_
Amuchlinterchange of.lipids acros3'the hilayer,

‘ﬁow membrane biosynthesis oecurs is'not clear.n.Enzymes in-
QolVedhin iipid.synthesis”tend_to_be_membrane—bound,lbut.it re-
'mains.to_be demonstrated if theselare located at speolfic mem-
brane biosynthetic sites;; Memhrane protelns could be synthe31sed
lon ribosomes boundfto the cytoplasmlc membranes, although the |
three_proteinS'coded for‘by:the lac.operon are translated»from a |
;single'mRNA molecule;' Two of these'nroteins, 3-galactosidase and
'the transacetylase are soluble whlle the: th1rd proteln, the perm;'
'Vease, s tlghtly bound to'the membrane.i'Thls would suggest that-‘
soluble and membrane—bound protelns are synthe51sed by the same
Vset of ribosomes.

Parts of the cell. whlch‘are external to the cytoplasmlc mem~] a
‘Abrane,isuch'as the.cell wall, and in gram negatlve bacterla the'f’
outer membrane, and periplasmic‘enzymes,.have to be:moved across
the cytoplasmlc membrane at‘some stage of thelr blosynthesls, and
are assembled in 31tu. The structural polymers of the cell wall
Asuoh as peptidoglycan,xlipopolysaccharide and teich01c a01d,‘are
synthesised on' the oytoplasmlckmembrane, the small precursors_be—

' ing transported.acrossbthe‘membranevbyblipid carriers; The only
known_lipid carriers'are'polyisoprenoid_lipids; whiCh funotion'as

intermediate carriers offglycosyl-groups_and are termed glycosyl
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Carrier.lipidS'(GCL) (Osbd;n, 1971)._;ﬁpw\periplasﬁic-enzymes
mové‘acfoSs tﬁe-membréné is:nof known, 'Séhlessinéer (1968)l
showed{tﬁat APase éubﬁnifs.were secrefediabross;thé'qytoblésmic
_.meﬁbréne by sphaerpplasfé'of_E;'coii';nd‘prbbqsed'fhat APaseﬁ
subunifs dimerisé.in the peiiblasmié ébace.._iérriani'(1968) S
shbwed thAt.thé£e was a pbol éf APase‘§Ubunits in the cyfoplésm‘
of.acfivély“gréwing E. coii éeils, whiéh supports Schiéssinge;'sv

proposal (1968). If the genes for APase production from E. coli”

are introduced intb S;lmonellé fyphimﬁrium, which‘doeslnot
”Jhormally prodUée the-enzyme, tﬁen:éctive APase.is froduCedP'
which i#fpériplasmic in 1ocafion (SchiessipgeI'&_Olsen, 1968).
Ihié_ﬁbuid:suggeét"that the.localisaﬁion of APase is associafed
Jwith'thé strucfﬁré_bf the-prbtein fathéf-thaﬁ ﬁith a specific_ |
' tranSpo:t hechanism._

LocaliSatioh of membrane-bound enzymes has also béeﬁ‘attri-.
-bUted to the structuié'ofrthe proteiﬁa:;It'ié.pfdpqsed’fhat'
";“;thefe arevhydropﬁobic a:eaé;in.thé'prbtein'thch»cauée thé:énQ -

zyme.tébmigrate to a lipidjiicﬁ ehvi£onméht;_;HoWévef in the case
of periplasmic enzyméé whefe there is a mdveﬁent froﬁ'oné hydro;
ﬁhilic érea'to ahother.écross thé mémb£ané5 there éfe»sevéra1: 
queétions.léff unansweiéd; For exampie; how-and why’doeé;thi#
| movement.take place? _Why do APasé_subﬁnifsvdimerise.in the peri-
v.”plasm but not in fhe_éytoplﬁsm? What éhangés occur‘in a protein
.Qoing'from a hydrophilic area to a hydrophobic afea.and gigg.

versar o ; o » »  _ : g

b). The cell wall
- This is_the structural part of the ce11, and has been termed
 the rigid or l"1:"_1aty'e'r'v(Braun & Rehn, 1969). It is located be-

tween the cytoplasmic membrane and the outer membrane ‘and '



'Tcorresponds to the electron-dense intermediate 1ayer.as-seen_by
electron microscopy.

i) Peptidoglycan

This poiymer has a repeating glycan backbone of'alternating:

: N.-acetylglucosamlne (NAG) and N'- acetylmuramlc ac1d (NAM) re51—j

‘h dues'(Flg. 5). Short peptlde chalns are attached to the NAM and
form crossllnks from one glycan chaln to another (Flg. 6)
V(Ghuysen, 1969-v Osborn, 1969) Bacterla d1ffer in the composie
tion of the1r peptlde chains 1althongh in the gram negatlve |

4bacter1a only one " type of peptlde comp051t10n is found

“;(Ghuysen & Shockman, 1973) In. E, c011 the peptldoglycan forms

'a 51ngle bag shaped molecule (Weldel & Pelzer 1965) but in other'

-gram negatlve bacterla where there is less peptldoglycan, th1s
" layer could be discontlnnous, w1th‘other materral f1111ng the
spacés : _ o
_ The peptldoglycan layer when 1solated retains the shape of -
“the ce11 and 1f it is . enzymatlcally degraded then the cell is

turned into a spherlcal osmotlcally fraglle body. Clearly pep-

qtldoglycan ma1nta1ns the ce11 shape and protects 1t from osmot1C'_v

andvmechanlcal damage. It is unllkely that peptldoglycan deter-
Nmines the éhape of.fhe'cell (Hennlng &_Schwa_-z,h1,73).
Several-antibiotiCs are aotivefagainst:peptidoglycan'bio;’
synthesis; e.g. pénicillin,‘cephalosporin, vancom&éiﬁfand;:
_bacitracin,SIPeniciiiin'is an‘analogne of‘D—alanyl'alaninev
(Tipper & Strominger, 1965) and inhibits-tmo enzymes‘inVolmeddin,
.oross—link.formation'from onevpeptide‘ohain to another (Fig.n7).
Penioillin'actionvoausesvthe'formation'of weak‘areas in the ceil
Walis. .Cellular 1y51s doe not.direcgﬁy resnit from penicillin.

'actlon but 1s due to autolytlc enzymes present in the cell
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. Fig. 5.
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:enveiope which break down the peptidoglyean.(TOmasz,Alhino'&
vZanati,'1970). ‘Autolytie enzymes are possibly'involved in'h
”-SQVerai‘sutface functions,.such as peptidogiycan synthesis, cell
diuiSion andicell separation, andralteration in.cell shape and
,hsize (Rogers,~1970; Forsberg &‘Rogers 1971-. for a review see
d.Tomasz, 1§73)~h Peptldoglycan is. also degraded by several en-
,zymes from non-bacterlal sources,'e g. egg white lysozyme (N'
;acetyl muramldase), Wthh cleaves the glycan backbone (Flg. 5)
into disacchatide units (Ghuysen, 1969).' Lysozyme is widely
. used.in the fotmation.of sphaetoplasts, éphaeroplasts can he
'_'alsofformed~by-growing oellslwith-a-sublethal concentration{of
Vpenieillin inbthe'bresenceﬁof'an osmotic stabiiiser but‘peri?
T.plasmlc enzymes are not released by th1sbtreatment, while theyf'
are by lysozyme sphaeroplast formation - (Heppel 1971) Petl-b
plasmlc enzymes are spec1flca11y released by an-. osmotlcally fra-
nglle mutant of -E. coli when the medlum is supplemented w1th an‘

osmotic stabiliser (Mangiarotti, Apirlon.& Schless1nger, 966)

EE _It is probable that this mutant is defectlve in peptldoglycan

blosynthe51s Clearly removal of the peptldoglycan has a
_ drastic,effect on the perlplasm,,and it is llkely thatv;tvhas'a.
hfunctlonvln the cell envelope.'

Blosynthe51s of peptldoglycan takes place on the cytoplasmlc
membrane but’ polymerlzatlon and cross- llnklng occur in situ 1n‘
ethe cell wall. The acceptorﬂmoleculelln the cell wali'ls the
'free;end of a peptidOgiycan-chain; Howlgrowth of the cell wall

is controlled is not known.

~ii) cell wall proteins
Two proteins are associated with.peptidoglycan, a lipo-.

'.ptotein of M.W. 7,500 .and a large M.W. protein. The lipoprotein

20
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:gis covalently linked to diamino pimelic ac1d of the peptidoglycan;'
_e. by a lysylalginine dipeptide (Braun & Rehn, 1969) It is also

e found in the plastic:layers.of the outer-membrane; tree lipopro-

ftein exceeds the bound form by a factor of two (Inouye, Hirashima

.'& Lee, 1974). 'in the-cell envelope the lipoprotein is one of ‘the
major protein species.and is thought to anchor the outer membrane
"to the cell wall 90-95% of the bound 11poprote1n fac1ng away
efrom the cell, towards the outer membrane (Braun, Besch, Hantke &
'Schaller; 1§74); The lipoprotein has an a‘helical_conformation3
with.hydrophobic amino acids reguiarly sPaced along its'length
(Braun, gt_gl, 1974.), the»h&drophobicbamino acids beingeonvone
V..side»of the helixbonly. Another protein, a part of_erfthrocyte .

eporphorin; Which,passes through,theblipid bilayer-is also-helicai
.e'(Segrest,-Jackson,'Marchesi,'Guyer & Terry, 1972) which might

- suggest a relationship between structure and function.“

The lipoproteins from Salmonella, Escherichia, Citrobacter,

Nfroteus#and Shigella'have been isOlated_and found to beFVery simi-
lar immunologicaiiy (Mayer, Schlecht-& Braun, 19735t 'Recently
:another protein has been demonstrated to be bound to peptldogly—
can (Rosenbusch 1074). Tt has a M.W. of 36,500 and is possibly
identicalgto the major cell envelope.protein. Negatively—stained
_‘cell Walls of-Et coli show a regular'arrangement‘of protein'sub-.‘
'units'attached to thebpeptidoglycan (Rosenbusch; 1974). .Similar
uperiodic'structureS'have'been found by'other~authors (Weidel,
Frank & Martin, 1960; 'Boy de la Iour, Bolle '& Kellenberger, 1965;
Bayer & Anderson 1965). Althoughvthe functionpof this protein
'_is not known Rosenbuschr(1§74) has suggested that'it_could have
.thezshape-determining role of the cell wall. Henning & Schwarz

(1973) proposed that there would be a self-assembling protein.



d'layer in the,oell wall which would befresponsible'for this func- .

‘tion, although this remains to be demonstrated.

c) The outer membrane . °

The outer membrane con51sts of proteln, phospholipid llpo-l‘

polysaccharide and lipoprotein and appears as a: true biological .

‘membrane in electron”microscope»preparations. The outer mem-

. brane is unique to the gram .negative bacteria, although recently -

lipopolysaccharide has been;detected in. the cell envelopes of |
blue green algae (Weckesser, Katz, DreWS,'Mayer“&-Fromme; 1974).
_vThe outer membrane acts -as a permeability barrier to water-

soluble_molecules,larger'than 400 M.W. (Costerton, personal come

munication). However different mutations affect the permeability‘

" of ‘the outer membrane to small M, W substances in different ways

(Normark & Westling, 19715 Tamaki, Sato & Matsuhashi, 1971).

i) ‘Phospholipids;.and;proteins of the‘outer.membrane
The outer membrane contains fewer proteins ‘than the cyto—"
‘:blaSmio‘membrane.‘ Only one enzyme phOSphOllpase A, has been
located dn the outer.membrane;:wbile-all the enzymes‘for oell

wall'biosynthesis and“oxidative;phosphorylation are located on

~ the cytoplasmic membrane. Qf the:protein species.present in the

btouter'membrane,-the two major'polypeptidesi}as shown by polye_k
acrylamide gel electrophore51s, have M w of 36 44 OOO and 7,500
vDepending both on the techn1que~used to 1solate the outer mem-
brane‘and on how the electrophoresis.is‘carried outflthe

36 44 OOO M W, protein appears either as a 51ngle polypeptlde

(Schnaitman, 1971 Rosenbusch 1974) or split 1nto 3 different

fpolypeptides (Inouye & Yee,_1973 _Ames, SpudlCh & Nikaido, 1974).:

’This family of polypeptides-which'ail have;a M;w.tof around

40,000, form approximately 80% of.the outer membrane protein of

A
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E. coli (Schnaitman, 1970; Inouye & Yee, 1973; Leive,'1974). 
Other proteins may be present in small amounts which are not de-
tected by polyacrylamide gel électiophdresis (Singer,'1974).

5’,T6 and N\ have all been shown to have protein re-

ceptors in the oﬁter membrahe (fdr iéview see Lindberg, 1973).
The surfé§e area of‘thé outér.memb;ane has been estimated:ag
'beinq'diQidéd between protein (60%), phospholipid~(20—36%5'and
iipopblyséccharide (LPS) (11-22%) (Nikéido; 1973)."The figures
- of the LPS are'depéndent on wﬁéthér theioqtef membrane_isb- B
‘syﬁmetrical or asymmetrical in the distribution of this molecule-
‘betweén”thé'lipidﬁlaygrs. Phésphatidyl ethanolamine is the majo:

1lipid of the outer membrane forming 85-90% of the total outer mem-.

brane lipid'in E. coli and S. typhimurium. Small amounts of phos-

phatidyl glycerol and cardiolipin are also found'(Osborﬁ,'Génder, .

. Parisi & Carson, 1972). In Pseudomonas aeruginosa the.compoéit—
ion of the lipids of the cytoplasmic membrane and the outer mem-
brane are similar (Hancock & Meadow;’19§7);

-

ii) 'Lipbpolysaccha:ide

~ This moleéule is-oniy.found in‘thé}outer membraneFOf_gram B

, negativé baétéria_and form$_fhe éndotéxin»éf these organisms;: It

is a very compiéx.mblecule cdhsisting of ailipid moiety to which

is aftached'a short oiigosacéharide. To this is attacﬁed-a long
’cﬁain pdlysécéhaiide médg up of ;epeéting_sequenees_(éee %ig; é).'
The iipid moiety which is termed lipid A;‘is-uniéue in that;the

: backbonevof'the iiﬁid is made up of gluéosamine, instead of giy—';"~
- cerol; It_contaiﬁs D;glucosamine_(ZO%), fatty,écids (60%) and
phoéphorﬁs (Adams & Singh, 1970).  The lipid fofms”paft of the
éndbtoxin and is embeddéa iﬁ the h&drqphobic region of:the outer

membrane. . The glucosamine is arranged as disaccharide units and



it is thought that LPS molecules are linked in threes by pyro-
phosphate bridges between the 11p1d A molecules (Romeo "Girard &
-_Rothfield 1970) (Fig 8) All the available'hydroxyl groups on
- the glucosamine .are substituted with fatty aC1dS o |

Very little is known about the synthe51s of 1lipid A although
_1ts fatty ac1d compos1tion is very different from the glycero—
.phOSphollpldS, being mainly made up of 3- hydroxytetra decanoic
ac1d. Osborn - (1974) ‘has 1solated a temperature sens1t1ve mutant
~of E. coli which at the restrictrve.temperature cannot make 1ipid
A;vand dies;.tIt would seem that lipid A is necessary for the
cell to function.

The.core,of bPS‘is a short‘oligosaccharide’which may orlmay
: not be branched. The:coreiLPS'of most gram negative bacteria'con—'
tains ketodeoxyoctonate (KDO),.heptose and glucose.. The majority
of core lipopolysaccharides also contain galactose, although the E
1sequence and bonding of the glucose and galactose re51dues varies

‘from strainﬂto,strain.' The LPS core of S. typhimurium has been

sequenced (Fig. 9) using mutants defective in LPS synthes1sb
(Stocker & Makela, 1971 Luderitz, Westphal Staub & Nikaldo,
.1971). By comparlng the phage adsorption patterns and anti—b
biotic sens1t1vity of»these mutants, it has been shown that core
LPSiactS’ashabreceptorisite for several phages and also forms
‘partvof the,outer.membrane permeability”barrierF(Schlecht & .
.Westphal 1970 SanderSOn,'MacAlister ‘Costerton & Cheng3~1974).
The structure of LPS cores of E. coli strains has been des-

cribed and is similar to that of S. typhimurium (ﬁrskov &

‘ Qrskov,-1962;‘ Edstrom & Heath, 1967) but. the LPS cores of some
" strains of E. coli such as E. coli-B, do not contain galactose

(Boman & Monner, 1975). Several phages which adsorb to E. coli



Proposed. Arrangement of 1PS Molecules in the Cell -
: " Envelope (Roméo'et al, 1970)
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vaS do.hot;adsorb to S. typﬁimﬁiiﬁﬁbcells, aithoﬁgh some phages
such.as-¢2ivéndLP1 adSorb'to_both (Rapin &:Kalcar,_19715. |

~ The third pait of_the LPS molecuie is a very lohg poly-v
sacchdridé‘made up of repeating uhité. 'The éomposition of this
side-éhain, which is teimed'thé.“oﬁ side chain or "O" ahtigen,

- ‘varies from-species to Spééiés and has been uéed-as.a character-
.for classificafion and identification of bactefia (Kauffman,
11954). Laboratory maintained strains such as E. coli K12 and

E, coli B forh incomplete "O" side.chéins, with only oné nom
vantigen-sub—unit attached to the LPS core, but since they appear
to grow Well.it.is probabié that the side chain ﬁas no‘funcfiqn
under iaboratofy conditions.".

: Biosynfhesis of LPS”décuré in two‘distihct-stages.‘ First,
the‘cofe.and‘"o" §idé éhéiné'are éynthesised iﬁdependently‘of.
eécﬁ_bther.on fhevéytoplaSmic ﬁeﬁbfane andf;écohdly‘afe étfached‘
in_situ in thév§uter membrane (Cynkiﬁ & Osbqrn;.1968).. Syn-
thesis.of”“Oﬁ side‘chains:iequires-ailipid intermediatevcarfier.
whiie.the syntheéis of the cbre-mélecule”déés not. |

Many of the‘surface_qhaiacteristics ¢f gram negative
.baqtériaicén.be.attribqted to LPs; such as phagégadsorption,
';éﬁtigenic properties and‘tbxicity.'*Howevei fhé function of fhe:
_.LPS iS'nof iﬁmediéfely obvious. .Clearly different parts of the
ﬁolegqlé fuhcfidnAin different-ways. _The "O" énfigen is |
essential for virulénce of Salmonella strainé. It is poSsible
that the ”Of side chain has a protecfivé role, preventing in- | -
géstionIOf the bacteria by macrbphagé; and;alsdlforms part of
the endotoxin. The éore LPS appears:to,form part of thé>pérmg—.

ability barrier of the outer membrane and may also function as a -

cation—binding_stiudtuie. Mutants of E. coli and S. typhimurium



which'ere uqable to make eemplete co:evoligqsaccharides, shew7
alterations in outef-ﬁembrane p?otein cOmposition (Ames‘gl;gl
.-1974; Randal, 1975) and it is probable that LPS core stablllses
vfhe outer membrane. Little is known of the functlons of llpld A
| although Osborn's work (1974) ‘has suggested that lack of 11p1d A

or KDO is fatal to the cell,b

'éram Positive_Cell Envelope
The-eell enyelope'of gram posifiQe bacteria-eppeAIS homo-

genously;electroh dense wﬁen viewed in thin seqtioh‘by electrdn
.'micfoscepy.(Salton,_1964; Glauert & Therniey, 1§69)- Chemical
“"analysis has shown the enveiope te contein peptidoglycan,
teichoic or teichuionic‘aeid,_polySaccharide and brofein. Pepti-
doglyeahvisvthe majpr_comﬁonent of thedenvelépe and can account
for up to 90% of its drydWeightf Teichoic acid is also present
~in laxge'amounts, aﬁd can‘form‘up‘to 50% of the dry weight of
'.the envelope (for a review see‘ﬁeaVely &iBurge?’1972){ Unlike
-the gram.negative-ﬁaeteria, the_celi'weil of‘grem positive
bacteria cen be ea51ly removed from the cytoplasmlc nembrane by
plasmoly31s of the cell or degradatlon of the cell wall w1th
lysozyme. The‘peptldoglycan in these bacterla.forms a multi-
_iayered"molecule which is:highly cfessiinked bdt'dees nof act as
; barrier to water eoluble»molecuies. As in gram negative
bacte#ia the peptidegl&can is resgoneible for maintaining the
shape of fhe.cell and also prqtects the cell from mechanicalvahd
.joSmotic stress.“Thevthickness of the cell Wall enables gfam
positive baeteria to_reaeh‘mueh‘largef dimensions than the thin
,walled‘gram ﬁegative bacteria: - |

| ‘Teichoic acids erevaQnd exciusiveiy inbthe outer layers ef

gram_positive.baetefia. They.ere phosphorylated polymers of



: élycerol or ribitel (for a revlew:see AIChibéld,_1974).v.If
bacteria are grown uoder_conditione'of phosphate'limitetion then
teichufonic acids replace teichoic écids (Ellwood & TempeSt;
‘1972) Telchuronlc ac1ds are carb0xylated polymers of glycerol
‘or ribitol" (AIChlbald 1974) Teichoic ac1ds are covalently
“llnked to the out51de face of the peptidoglycan layer (AIChlbald
.& Baddily, 1965; Hughes, 1970) but are alSO:assoc1ated wlth the..
':outer face oflfhe Cytoplasﬁio membrane {Shockman &lSlade,51964).
The ﬁainvfunctlon of this polymer ie cation'bindihg”(Cuﬁinelliv&
Geldieio, 1067), and Ellwood.&,’rempest (1972) have show that
cation llmited'cultures of baoteria‘produoe more teichoic acld;
Teichoic acids'have also been sqggested as possiblel;egulators.of
.autolytic'enzymes (Higgios, Pooley & Shockman; 1970).
| lhe majoiity-of ghe~graﬁ positive celllenVelobe oonsisﬁs,of':
'peptidoglycan and teiohoic acid. Capsules are_often present_out—
:vsioe'these layers and ﬁay be composed;of‘protein,-eé'in the |
: group A SfléptoCocoi (McCarﬁ&,&‘Morse; 1964)'or_polysaccharioe_

‘as in Diplococcus pheumoniae, type III. These outer layers often -

l.act as.antigenic determinants of‘the cell,"oi_phage adsorption
sites, but molecules deep in the cell.wall.rarely.particioetebin
these functlons. ,SeQeral ehzymes.have been repo;tedvas being
-.aesooiated withvthe>gram‘pOSitive'cell‘wall (Sergenf:gz_él, 19685.,
aod many gram positive bactefiairelease exfrecellular ehzymes'
(Pollock, 1964). .Howeoer'there does nof appear‘to beba group of
enzymes Which is eé well defined,as the pe:iplasmic ehzymes of ...
the gram'negative bacteria. .

Clearly there are marked d1fferences between tﬁe gram.p051—
tive and gram negative bacterial cell envelopes.v The lipid rich -

‘nature of the gram.negativelcell envelope provides a second'



.seléctive.pe:méabilify barrier, the outer membrane. Thus gram
.negative bacteria have an area in the cell envelope between the
cytoplasmic and outer membranes vhich would be consistent with

‘Mitchell's (1961)vhypothesis of the periplasm.



'SECTION 3

Localisation of Periplasmic
o Enzymes '



_Most of the.euidence for the locaiisation of periplasmic en-
zymes and bindinépprotein is indirectr‘ Their.presence'in”theh
.Cell‘envelopehis inferred'from their:selective‘release byntreat-
.ments‘whichhdo not release.cytoplasmic.enzynes, that.they'have
activities that‘can'be measured-in-uhole cells,.and they can be
fshowndto be.present,at‘the cellqsurface by cytochemical techni-
ques., .. | . |

Release of periplasmic en2ymes

Malamy & Horecker (1961) were the f1rst to’ show release of
alkaline- phOSphatase (APase) by turnlng E. coli Cells 1nto sphaerof
plasts u51ng lysozyme.‘ Slnce then other enzymes have been shown

‘to be released durlng this procedure (Neu & Heppel 1964).

The-effect of lysozyme on the cell 1s.to.degrade.the glycan:‘..

backbone of peptldoglycan and thus turn the cell into an osmotl—»
pcally-fraglle>sphere.' Sphaeroplasts are dlstlngulshed from proto-
plasts, because they.haVe‘some cell wall material still attached
to<the'cell'(Birdsell &fCotaQRobles 967) ‘Treatment of gram
negatlve bacterla w1th ethylenedlamlnetetraacetlc ac1d (EDTA) 1n
trls(hydroxymethyl)amlnomethane (trls) buffer at an alkallne-pH
is necessary to alter the permeablllty of the outer membrane so
that lysozyme can reach the cell wall .Sucrose or some other os-
motic stabiliser must be added to prevent the sphaeroplasts‘from
>1y51ng- |
.‘Duxing,sphaeroplast'formation the outer.membrane becomes.n
disrupted,.coilsvback.on itself,'and periplaSmic enzymes are re-
.:leased. whether disruption of the outer membrane,is‘solely due;-
‘to the action_of:lysozyme,‘or is enhanced by EDTA/tris.is not
known; E)icoli'can also be_turned intO‘osmotically fragile.l

spheres by growth in penicillin (Park; 1968) or by lysine



"starvation'of a-iysipe aﬁxotroph (see Fig. le. _cheQér these
.treatmeots>do'notlrelease_periolasﬁie enzymest(ﬁebpel,.197l).
_Both penicillin.treatﬁent‘andllysine starvatioﬁ.lnterfere With
cross—linkiﬁg‘oftthe-peotidoglycan'molecule; but do not.affect=h

- its backbone, and do not involve tris/EDTA.-

PErlplasmlc protelns are also spec1f1cally released by os-

motlc shock (Nossal & Heppel 1966) This involves first treat-
ing bacteria with_EDIA/trisvin-20% suerose and-then quickly
tranSferring'them-to-cold water. Approx1mately 4% of the

cellular proteln and all ‘the - ac1d soluble nucleotlde pool are

~ lost in the cold_water~sh0ck stage.' The 4%.of;the~cellular pro- .

tein contains nearly all the periplasmic enzymes and very little

cytoplasmic.ehzyme'(Nossal'&‘Heppel 1966). ' If EDTA is not used

in the first stage of thls treatment less.periplasmic enzyme,is :

'released ‘and v1ab111ty follow1ng osmotlc shock is reduced
'When:E. ooli cells are plasmolysedrwithout;EDTA,'and thend

osmotioally shocked,efingerAlikele#trusiohs_are»seen.tojemerge

froﬁ the eell wall-(BaQer, 1967).‘.Bayer.propoSed that these'ek—

,tru51ons resulted from weak areas. in the cell wall.A He also

‘showed that when plasmolysed E coli Ce115'are maintained in su-

crose, the protoplasts began to swell after 15 mlnutes due to

the.penetration”of sucrose into the cytoplasm (Bayer, 1968) CIf

osmotic shock is carried.out_on.bacterla Wthh have been 1ncuba—
‘ted inﬂsucrose for,lonéer-than 15 mihutes,'much_less periplasmie
enzyme is released (Heppel 1971)

The- role of EDTA in osmotic shock treatment would seem to
berto'increase the permeabllity_ofdthe outer membrane,to‘sucrOSe
andy/or periplasﬁic enzymes:(Anraku'&'Heppel; l967)t' EDTA/tris'

alters the permeability of the outer membrane to many water -
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solubleAageuté,fsuehvasllysozyme,_penicillin and;actinomycihD
(MacGregox & Elliker;VIQSS; Repeske; l954;'pLeive;119652)pand |
it has been showu thet EDTAvcauseS the releaee bf up to.halflv
o the cell LPS as well as phosphatldyl ethanolamlne and.some
proteln (Lelve 1965b) | |

Both EDTA and trls are- chelatlngAagents and:it.is‘thouéht.:'
that theykform a complex Wthh chelates more strongly than ﬂ
either on its 6Wn-(Lei§e,e1974).: It is not cleat how EDTA addi-
“'tion ptotecté the celluduring ps@otie'éhQCk.

Rosen.& Heekette (1972)psﬁowed that'the amount of eyclic—
thSphqdiesterase;pacld heXOSe‘phoephatase and.S’uueleetidase
feleased.by osmoticlshock‘from en uusatutatea fatty eeid'auxp-'
troph, decreased 1f the culture was supplemented w1th t;ggg
:rather than cis unsaturated fatty ac1ds. Cells supplemented
fw;th'trans unsaturated»fatty ac1ds alsq~showed 1ncreased sensi;
tiuity to lysozyme in'thebabeence of EDTA aﬁd‘had ah altered
E eell;surfeee morphology} They'pfepoée&.that-theie Q;s én‘alter—u
ation-ef:the_cheractetietice‘of the=outetymembrane,_and.that
only:a small amount ef tiéﬁg Uneaturetedlfatty-écid_needed.te be

.

- incorporated into the cell to cause this.chenge. Substituting

trans for cis.unsaturated.fatty:acids invE..coliféauses an.iﬁ_
crease in the perméabilitypof the:outerfﬁembrane; but also

affects the Ielease of en?ymes by osuetic ehock. This would_uotf
belexpected ifvtheetelease of petlplasmic'euéymeé during,oS@btic,
’sheck was pxometed by increased permeability of the outerzmem- I
. brane. Hewever, it is not”cleai how substltuting wlth trans un—
-saturated fatty acids would affect the eytoplaemie membrane, - and

how thie would affeet,the esmotic.shoek treatment.

When cells of Spirillum itersonii are washed with EDTA in




tristbﬁffer,'a number of proteins are released, which include

APase, Iibonuclease‘l (RNase) and cytoéhrome_C, but viability de-

creases during this treatment (Garrard, 1971).  Simi1ai‘resu1ts

were reported for Pseudomonas aeruginosa, APase being releaséd_by

manipulation of the cation concentration and by'altefation_of the

-pH of the medium (Cheng;'Ingram &_Costerton, 1970); The outer

membrane of a marine pseudbmonad is reported to be destroyed by

~ washing ceéells with 0.5M sﬁdrose-(Ihdmpson & Mcleod, 1974). It

would seem that_the_ééll eﬁvelopeé_of Pseudomonads and related

bacteria, are more‘depéndent on divalent cations than those .of

members of the enterdbaqtériaceae;' Eagon & Carsbnv(1966) re-

ported that Ps. aeruginosa is'made osmOtiéally fragile by treat-

ment with EDTA. It is probable that lysis following EDTA treat- -

ment is due to increased activity of autolytic enzymes (Collins,v

1964).

’ Periplasmic énzymes_are released from E. coli by treatment:

with chlorampheniébl"(Gustaffsson,»Nordsfrom & Normark, 1973) or

polymyxin B (Cerney & Teuber, 1971). Chloramphenicol inhibits

protein. synthesis. Temperature sensitive mutants of E. coli

which a;é’defective in protein Synthesis ét
temperature have characteristics aéchiated
- brane defect, such aé increased sensiti§ity
mycin D and other drugs (Russél,v1971). .if

arresting protein synthesis interferes with

the restrictive -
with an oufer mem- .
to lysozymé, actind—
is p;bbable that .

outer membrane syn-

thesis (Matzura & Broda, 1968) which could account for the re-

- lease of periplasmic enzymes. Polymyxin B is a drug which dis-

~ rupts bacterial membranes (Newton, 1956); On E. coli this drug

3cts5:first1y, by disrupting the LPS containing‘outer membrane,

and then disrupts_the-cytdplasmic;membrané‘which results in
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'cellular lysis. Cerney‘and Teuber'(1971)-fO11owed protein re-

" lease when E. coli was treated with polymyx1n B. Early in the

treatment a group of proteins was released wh1ch corresponded to

the_proteinS'released by osmotICtshock‘and only after 30 minutes

were -the cytoplasmic_proteins released. They aiso found that. in-

dividual_periplasmic:enzymes were released at different rates,
which they interpreted as differential_localisation of enzymes

in the cell.envelope.

Localisation of enzymes by.cytochemical technigues

The prrnciple aim of this technique is to locate perif
_plasmic>enzymes using specific heaty metai stains and‘electron_
microscopy.' Two methodS'have been used‘ firstly reaction pro—,
_duct dep051tlon, whrch has heen used exten51ve1y for APase
(MacAllster, Costerton, Thompson, Thompson & Ingram 1972) and

.secondly, ferritin 1abe11ed antlbody technlques.‘ Because both

1techn1ques 1nv01ve f1x1ng, embeddlng ‘and sectlonlng for electron

mlcroscopy it is dlfflcultvto,lnterpret the results and to
assess the effect that'fixing:would_have~on enzyme_localisation.
Different fixing techniques have been found to yield different - .

‘results (Wetzel, Spicer, Dvorak & Heppel, 1970).

A study of this nature has shown APase to be preferentlally

”located at the poles of the cell (Wetzel gt_al,_lQ?Q),_an ob-
servation which was supported_by enriChmentvof periplasmic en-
zymes in minicells. produced by:a mutant of E. coli which is
alter:ed‘ for cell div‘ision (Dvorak; Wetzell_& Héppél-, 1970)_. .How_
ever‘in'a study of'several.gramAnegative species MacAlister et
;_ (1972) found that in all cases APase mas evenly distrubuted
throughout the cell envelope. Most.morkers agree that these en-

 zymes are located at'the cell'surface. However more precise
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localisation would seem to require rigorous standardisation of

the techniques used.

Measurement of activity in Whole.céllé'

E 1hé ehéymes released by osmotic Sh§ck éré'acqessibie to.Sub-
strate when whole célls aré:used as a source of enz&me;3 This: |
has been taken as eviaence:of'sﬁrfaée_ibcalisation.:_Héwéve; the :
specific-éctiVi£onf_whole Cells is u$ually.1ess fhan.that of
soni¢'exfracts férﬂfhesé eﬁZymeé. ‘This‘is'termed parfial crypti--
city (Brockmah'&-Heppél, 1968). APaéé éhoWs-different crypficitf
fprvdifferént;substfateé,vwhich is ﬁhought to be caused by.varir' 
1ati§n in fhe ease 0f §enefration_of.thé oﬁter'ﬁembrane‘by
diffefént phosphate esteré'(Brockman.&iHéppel; 1968); .Mutanf§ '
. of E. céli have 5eén,i§ola¥éa?in_whi¢h peripiasmic‘enzymes are:
" less accessible fo.sﬁbstrafes (Beacham, Kahané;‘Ler & Yégil;
1973). 'It.is not qlear.whéthef‘thésé mufaﬁts are altered in
’bermeabilitQ 9f £hé>oqté£ mémbiahe, or if there- is an alteréfioh_”
in the bindiﬁg:of thé'enéyme to-fhe cell énveiOpe;' ﬁowever'if.

" has been found that these mutants are altered in their outer mem-

braﬁe profeins (Beacham”personal communication) which'WOuld_

suggést that this defect'is.a function of the' outer membrane.

Effect ovaell envelobe mutafionsfon.beriplésﬁié'enzymes

Mutétions.which affect_the éell éanlope of.gram negative .
bécteria‘have béen.described Ey‘mahy w6rke£s, followihg'select-
ion of mutantsAfor a Qérietyiof phenotypes, sgch as phage ré-'
sistanée; increasedAsénsifivity_to anfibibtics; éolicin toler-
anée,'alterétion:of céionial morphologyvor cellular mbrphology,
or by conditionalfiethality;(fdr revieusseevﬂakelav& Sfocker,‘>

robo). o : - : o

Mutations which afféct the cell surface are usually



pieiotrophic and,it isuéfteﬁ difficult to relate structure and
funétion when éonsidering cell eﬁvelope mutaﬁfs.. Since-peri;.
v plasmic enzymés are located in’tﬁé cell envelope, it is reason-
able'to.assume that mutants defeqtive in.éell envélopé_biosynthe_
.sis might be aitered.with réspéct_to periplasmic enzymes. Few
wOrkéféthave examined periplaSmic enzymes in cell'envélopé.mu_
fants,‘andthere‘fhey:ﬁaQé the resulfs'are-oftenvcbnfusing.
Mangiarotti, Apirion. & Sehlessinger (1968)'were the'firét
to sﬁow releésé of periplasmic enzymes-in“sﬁCh;a mutant.  Théir
mutant was éeiecfed for its'inaﬁility to.g;ow withoutvén ésmotic-
stébiliser, probably because of a defect in ééll wall bioéynthe—”
sis. During normal growth it:réleaséd,60%'§f ifé APase iﬁto the
medium; This.mutanf WOuld‘seem3aﬁa1099u5»f0»é sphaeroplast for-.
.med from a normal cell Wifh lysozyme. |
Other‘mu£anfs”which reiéésed.periplasmic.enzymes aré-.
'normélly aefective in. their oﬁte; membranes.fASeVerai cléssesvbfb
E. coli,ﬁuténfs WHich’apbeé:ed to release B—lactamaée into'thef
b.medium wére‘isolaféd asbbeing more resistant ﬁo‘penicillin on -
plates, but juétbas sehsitiﬁe in liquid-cul?ﬁres than the pérenﬁ
’A(Erikééon;Grenberg; Ndrdstxbm & Eﬁgiuhd, 1971);‘ Some of thesé
were LPS deficient, being more sénéitivé to Sodiﬁm'chélate fhan.
;the parent and becoming sensitive td phage C21.y_Anotherbsfrain.
which gave the peﬁiﬁillinereéiStant.phenotype was deficient in
’sygarvtranéport, énd_&éé not altered in its LPS.” This Qene
termed'gi; (Wang, Morse & Morse, 1969)'isiPOSSibly-alteréd in
'soﬁe outer or cytoplasmic membrane functioﬁ which causes the re-

lease of periplasmic P-lactamase.

Mutants of E. coli and S. tybhimurium which have no heptose

in their LPS core have been found to release 7% of theirbAPase.-



~into the medium (Singh & Reithmeier, 1975; Lindsay, Wheeler,

Sanderson & Cesterton,v1973). Several LPS mutants have been re-

ported that release RNase 1 into the medium (Leive,-1974;- Ennis

& Bloomstein, 1974) although the exact nature of the LPS defect

was not:Specified. Mutants df E. coli or S. typhimufium defici--

ent in heptose show increased sensitivity to many antibiotics

and to lysozyme (Sanderson, MécAlister,'Costertdn & Cheng, 1974).

'Ihis isisimilar~to changes ceused by EDTA treatment;.andiit{isbi
‘prdbabie that there is‘a change in the permeability of ihe |
Aouter.memB;ane in these mufants. o
iLopes,.Gottfried & Rothfield (1972) isolated'mgfants which
released-periplasmie enzymes inte the medium by screening fd;‘f
RNaseil‘releAse. ,fhey showed fhatvmuténfs isolatediin-thisiway.:
are_bieietiobnie, buf.did not specify the‘nature of.their'Celli
envelope defects, They concludea‘that there is both a'binding{“
of enzymes tdjeell eh?elope‘strﬁctu;es and a permeabilify |
bariiei‘Whiehiérenent,peiipiasmic enz&mesifrem being iostifidmt

the.cell. o

" Periplasmic enzymes have been shown by many techniques to be

'loeated in the cellienveIOpe, but if there is an association with -

'thevcell envelope then it must be of a’loose'natnre since theven—
2ymes ean be readily releésed‘frOm the_eeliqviThe.data ﬁrovided.
'by studies on mutants which'release periplasmic enzymes are in;f
'eenclnsive.b It is fhe aim ef‘this preject.to-aftempt'to eluci;
dafe the ‘association of,pe;iplasmic enzymes with the cell en-AA

velope.

iﬂgsyf



MATERIALS , AND METHODS |



nBacterial StrainS’end Phaee Stocks r-

The sgurceé-and'phenofypes'of'the bacferiailétrains nsed
are.given]in Table 2. .A11 sfrains were méintained en_nutrient
_égar.slopes.et-4?c.' The sburcee of phages are given‘ianable 3.
High titre phage stocks were prepared by the method'of Adams™
(1959),-in most cases the pnages'were grown on E; coli W31106.
”‘:Phage C21 was grown on'E.‘coli A15;

it o

Nutrienr brorh (NB) was used for ;11 experiments innplving
'e rich.medium; 25 g Oxoid nutrienf_breth No. 2 per litre of dis;
.:tilled'ﬁater. For eolid'media (NA) this was solidified with.,
1,5% agar (Difco).‘ For experiments requiring minimal_medié; MO

- salts were used (MM) ‘which contalned -

- NaH, PO, ‘ ‘ 6y
"K2HPO4.. DR 39
‘NaC1 = . o 0.5 g
MCL .}‘__-_1g
MgSO4‘ nA _ .: . 90 mg
caci, . 10 mg
H O».,(di‘stilled). | o 1 litre

- This medlum was - supplementea w1th a carbon source, usually
"glucose (O 2%) or glycerol (O 4%), and elther amlno‘ac1ds (100
pg/ml). and v1tam1ns (10 pg/ml) as requlred or casemlno ac1dsv
F(leco-technlcal grade)<(0.1% w.v.). Agar (Difco) was added‘
(1 5%) for solid media. Ability fo ferment sugars was tested’on
eosin methylene blue - (EMB) indicator plates (Clowes & Hayes
1968).
Chenicals were_routinely'purchaSﬁﬁ from_British Drug Houses

Chemicals Ltd. (Poole, England). Amino acids and yeast RNA were
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Table 2

E. cvoli Strains and Their l?erivﬁtion__

Parent

Str_al_n_ "Gen‘et:.c‘Mafkers. Strain ‘ Sourcg
E, coli Ki2 w3110 Prototréphi 'Dr. J. Jeffries -
W31106 Arg™, str’ w3110 This Thesis
ML _Arg™, Str®, pho W31106 | This Thesis ’
_ ECO (Lac - Pro)® str®, Frts lac C.S.H.5.K.
Cc578 F~ Ara” Leu” Lac™ Ade” Gal~ Trp  His~ " C.S.H.S.K.
Arg” Str’ Xy1™ Mt1” Met™ B "~ 167
AB1157 F™ Thr™ Ara” Leu” ProA” Lac” Gal” SupE His™ Str® xy1~
Mt1™ Arg” Thi™ T6* .
E. coli B ‘ Prototroph Dr. J. Dawes
B/4 14" B Dr. J. Dawes
S. typhimurium LT2 _
S SL1027 | Met” Trp” Xy1~ Str® Fla” Dr. I. Sutherland
SL1032 | Rrfac - SL1027 | .Dr. I, Sutherland
SL878 | RfaH (GalE) SL1027 | Dr. I. Sutherland
SL1036 SL1027 | Dr. I. Sutherland
SL1543 sL1027
SL1102 | Rfab SL1027 | Dr. G. Schmidt .
S. minnesota R595. RfaE Dr. G. Schmidt .
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. Table 3

Phage Stocks

1. 'c_».s._H_.P.K._ |
T30 | D_r; 'J,’Abz;{wés':
T4  Dr. A. Biéeze '
76 C.S.H.P.K.
7 ' Dr. J.'Dawés'
‘C21' : "Dr, W.‘Brammar
- Pivi¥‘_ . Dr. W..Braﬁmér
PlKc | _‘pr. W, _BraAmm.a_rb

gso Dr.'W;;Brammar

| Nics17 | C.S.H.P.K.

- .C.S.H.P.K. = Cold Spring Harbor Phage Kit



',obtaihed from Sigma'chemical Company (St. Louis, U.S.A.). p-
dﬁitrophehyi—phosphate,.o-bitrOphenyligaiactopyranoside bisfp—
165trophehy1iphosphateffrom Kochlight (Coinbrook,-Bucks),aradio—
chemioals'from the Radiochemicai,Centre (Amersham), penicillim G
and streptomycin'sulphate from Glaxo Ltd. (Greenford ‘England);

'1sopropy1 B~ D-thiogalactopyranOSide (IPTG) from Calbrochem

(Hereford England) and N-methyl N'-nitro N-nitrosoguanidine

" (NTG) from Aldrich Chemical Company (Milwaukee, U.S.A. )

Bacterial Growth and its Measurement

Liquid eultures were grown‘in either'SO ml .amounts in 250 .
ml Erienmeyer flasks, or 1 1itre‘amounts in>2 litre Erlenme&er
flasks,‘in an:orbital ihcgbator (Gallenkampf).or reciprocal shak-
ing‘mater bath'(Mickle, éurrey,-England).v Growth was estimated ;
by measprihg‘inorease in optical density (600 nm) with a Unicam
' sp 1800 spectrophotometer (Pye Unicam, Cambridge, England) or_oy
measuring the increase in v1able units a odltureiof E. coli

._.With an OD 600 of 0.5 contained approx1mate1y 5 x 108 oells/ml,
and had a bacterial dry weight of o. 16 mg/ml

Larger cultures were grown in a 15 1itre Porton type vessel
'fltted to a L.H, Engineering fermentor (L H.E., Stoke Poges
England). | |

Mutation of Bacteria

Cultures weredtreated with NTG to.enhance the mutation fre-
quency. Five ml of an exponehtial oulture_merevwashedvtwice in
sterile So‘gg phosphate buffer?_.(NazHPO4; 6 g; KH2PO4, 3 g;
NaCl,‘4 Q; 1 litre distilled water) pH 7 and‘resuspended in
sterile phosphate buffer containing.loo pg NTG/ml. After incub-
»ation»for 15 mihutes at'37OC.the ceils were washed twice, resus-

‘pended in 50 ml of NB and incubated overnight at 37°C. The -



.mutatéd qﬁlturé_Was reinoculated into fresh NB'aﬁd whéﬁ growing-
'expanentially, sterile gi&geroltWas added to give a final con-
centiation of 15% (Q/v), Thé culture was rapidly frozen and

' stored.af -7OOC'untilxneeded; -

To ensure thaf'possiblevhutants isolated during.the_sc:eeh-
ing proaedures were deséendants af-the pafent, andbnot contamin-
ating baate;ia, tﬁe pafental-étfain ased in this study‘was'ﬁade-
#esistant.tb"streptoﬁyain, by spontaneous mutatidn, and aaxo-
terhic-fo¥ afginine.followihg NTG mufageneSis. .Thié_aoubly o
marked'straia, W31106, waa unique to the cultureiéollection‘of

_this laboratdry.

JRélease of Enzymes. by Osmotié Shockv '
.fhis‘waé‘car:ieﬁ out by thé mathod of Heppel (1971) for

vrestlng phase cells, :Overnight cultﬁres werercentrifuéed-at'

'8 OOO g, washed tw1ce in. 0.03M trls buffer pH 7 4 and resuspen-

ded in the same buffer contalnlng 20% sucrose and 1 mM EDTA to

" give a concéntratlon of 5 x 108 cells/ml ThlS suSpen51on was’

.shaken for‘1O'm1putes at room teﬁperatﬁre, centrlfuged (8,000 g)i

’and the péllet quickly fesuspended‘in an equal’volumé of cold

‘distilled_watéi._ This was stiiredban icé for 2 minufes, 5 ml

was removed for soniéafioﬁ and the rémainaerbcentfifuged at

ES,OOO'Q’fqr 1Q minuteé;' Peripiasmic»énzyme reiéase ﬁas deter-

minedbas'the percentagg.of the.totai enéyme (as measured in.sani-

cated cells) found in the distilled water supernatant.

:Release'obenzymes by Sbhae;qblast Formation = - L S
Overnight éultu:es were harvestéd and tréated as ihlthe

.first_stage_of osmotic shock. Lyéoé&me 1 mg/ml Was‘added-to.the

suspensian of bactefia:in sucrose and thié waé incubated at ioom

temperature for 20 minutes. Sphaeroplast formation was' checked



 by phase contrastfmicrdscopy.’ Sphaeroplasts[weie rémdved.by
centrifugation (8,000 g) for 10 minutes and the supernatant
‘assayed for enzyme activities.,

.,Measurement of Enzyme Release During Growth

i)bf.Réleése'by'QQeiniqht cu1tures

Cultﬁres were>grown for 18 houré in NB'plus 1 x 1074 g IPTG
- toviﬁduce B;galacfpsidasé.(B-GSDase) pfoduétion. Five mi{of qui-' 
turé'ﬁas:éentrifuged'(S,OQO-g) fé: ioiﬁihufesvand 5 ml was soni-
cated. The Supétﬁéfaﬁts'fxom bofh were aésaye§~fot A?asé and
:3-GSDa$é.’..” | |

U, r'-WEnzyme Activity in spent media‘
Enzyme release ( L= == : — - . -
zy : :  .(%) - Enzyme Activity in culture sonicate

xleO

vii) .RéleaQQ.by expopential»cﬁifﬁfeév
Cﬂltﬁreé.wgréygfown,in NB'supbiemented'witﬁfIPTG'at‘37°C}
-Threé'ml.of”cﬁlturebwas removed. One ml wég Centrifuged for 2
'mihutés in'a'microcenfrifuée (Quickfit5FEngland)'andfthe~re—7>.
_ mainder.éohicafed;"Enéymé AésaysbweféiperfdrmedAon‘fhéAéuiture 
.’ supernataht_aﬁd oﬂ:the culturevsdnicéfe5>

'Sonicatioh ofACellé

.From 2.to 25'm1>of-cells ﬁere diérupted'by sonicafion, in
>: an uitraSOnic=diSintégrator_(MSE, Lbndoﬁ,,Engiandj~ét1maximﬁhf
amplitude fqr a total of12_minute§m'"Th;nghopt‘fhis proéess-the
sample wés'cboled_iq»an.ethanoi‘ice b#thr | A

Enzyme Assays

i) - Alkaline phosphatase

This enzyme was assayed by:the-spéctrophotOmetfic estim-
ation at 405 nm of p-nitrophehol‘formation_from nitrophenylphos-
"phate (pNPP), in the'follOWing incubation mixture:- 1 ml pNPP,

0.7 mg/ml; 0.1 ml enzyme sample and 1.9 ml 1.0 M tris buffer pH



-8.0. " One unit. of enzyme act1v1ty causes the release of 1 pmole

of PNPP: per minute at 25 C Thls assay'was modified by addlng 1
mM Zlnc chlorlde to the tris buffer when the enzyme sample had '

" been exposed-to,~or contalned'EDTA.

. ii) pB-Galactosidase

This enzyme was assayed in‘toluenised cells or in cell soni-

cates.‘ The amount of activity was the same in sampies'treated

’.by‘both methods.‘ itSjactivity was measurednby-the*estimation'of

nitrophenolvproduction-spectrophotometrically at 410 nm'from,

5n1tropheny1 galactopyran051de (oNPG) in the follow1ng 1ncubat10n

mlxture-— 0.2 ml oNPG.'4 mg/ml-- 0.1 ml enzyme sample, 1. 7 ml _"

,O 05 M phosphate buffer pH 7 O conta1n1ng 0.01 M potasslum
b’chlorlde, O. 001 M magnesrum chlorlde and O 05 M mercapto ethanol
'The reactlon was stopped and-the assay‘made‘alkalrnevbysaddlng
0.5 ml of 1 M Na2Co3‘ ‘Enzyme unitsfwere:ealeuiated asvfollomstf
vOne unit is expressed as the amountsof enéyme that will'producebA
:.1 pg o- Nltrophenol from oNPG in 1 miriute. at 25 C. | |

111) AsDaraglnase 11

vThlsienzymeAwas assayed by the'phenolfhypochlorite_estiméh
ation of ammonia produced_from L. asparagine (Muftic, 1964):
The-following,incubation mixture was3used§-. O,7Im1 50 EMAacete

ate buffer, pH 5.5; -O.Zrml»asparagine 4 mM and 0.1 ml. washed

cells.»tAfter incubation at 37°C for 30 minutes: the reaction was .

' stopped by adding;O,S ml phenol:(ZO% in -ethanol) and-1’0 ml-.

- hypochlorite solution. - (25 g of calcium hypochlorlte in 300 mls

-._of hot water, add 135 mls of 20% potass1um carbonate solutlon.

.Heat and dilute to SCK)nﬂsand_thenbfilter while hot;)'
This was allowed: to stand'for,loﬁhinutes'and'the extinction

Cat 655'nm,was measnred against a control.



_ One unit is expressed as the amount of activity that pio-
: ‘ . - o S PN
duces 1 pmole of ammonia per minute from asparagine at 37 C.

iv) Ribonuclease I -

Strains were streaked on NA'platés, ihcubated'overnight,at
37°C and ribonuclease 1 (RNase l)itested,for by thgvmethod of
Gestland (1966), Plates were exposed to chloroform for 15 min-

utes and completely covered with 3 ml of molten‘sloppy:waterj‘

agar containing 1.,5% yeast RNA. When set, the plate was incub- -

"atéd:at‘420C for 2 hours and the surfacé_flOOded with 1 M hydro- . -

chloric acid, which precipitates the RNA except Where it has been

‘degraded by RNase 1.

‘v) " Cyclic phoéphqdieéteraée.

» :Tﬁe activity of thié‘enzymeiwaé estiméfed 5y méaéurin§ the
prodﬁction éf nitfobhehyl from bis(p nitrobhenyl) phosphate;'
’specﬁrophdtoﬁéfrically at 405 nm in‘the foliowingjincubation,mix;
tﬁre:—‘"O,L'mi enzyme sémple;b.l.o ml 0.15 g acétate buffer pH

6.0 containing 1.4 mg MgCl,/ml and 0.4 mg CoCl,/ml; 0.5 ml

_biS(pNP)P 6 mg/ml.and 1.4vmi distilléd-water,'vThe feaction wa$ g

stopped and the assay made alkaline by adding 2 ml. 0.3 M NaOH.

'Units wéré'calculated»as_for alkaline phosphatase.

vi),>Acid phosphatase

 The énzyme.aCtivity was estimated by measuring p-nitrophenyl

formation from PNPP at room temperétureVAnd PH 5.0 in the follow-

ing‘mixture:— 0.1 ml enzyme samplej'.O.Z ml of 5 mM pNPP; 2.7
‘ml 0.2 M acetate.buffer.pH’S.O. ihe reéctiqn was stopped and the
'asséy made alkaline by the addition of‘2 ml of_0.3.§ NaOH. ' Units
iwere éélculated aé for alkaline phosphétase. |

Phage Sensifivity Tests ' |

AThese were performed by placing'small.dropsAof phage
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' suspénsions (anut:109 p.f;u./mi5ioht6'wellvdfied 1aWnsIOf’the |
bactériﬁm on'NA'plafés;f These wereviﬁ§ubated 0verniéht-ati37oc
»ahd fhévplafes reéd; A cléaring,of the-laWn'iﬁdicafed:senéiti?
vity; partiai‘cieafing.of»tﬁe-iawn 6: ¥/—,_§-nég£tive résult,Was;

- shown by absence of lysis.

: Adsorption of:P3qe-T4-to E. qoli"
AAil.édéofption-expétiments-were_éarried-out in 10 mM tris;>b
HC1 buffer pH 7.8 containing 0.08% NaCl, at 30°C, with a
’bééte;ial'cohcentration of 5-x»168_ce11S/m1, .At timé-zéro T4 |
phagé;WAs_added to giVe a final”cbnceﬁt;afion=6f»2‘x'109 p.f.ﬁ;/'
'ﬁi;f{Af'3 ﬁinute intefvals quénfitieSjof‘thié mikture we£evre; -
ﬁoved;éﬁd:centrifuged to sediment fhé;bacferia:and‘adéorbed. '
-phage,, The phaées remaining in fﬁevsupefnaté.were éSsayed by

the top agar method, using E, coli W31106 as the indicator strain.

Antibiotic Sensitivity Tests

B Strains_wereeithér sfreaked onfd NA plaies‘containing vary;
.ing amgﬁnt$ §f éntibiofi§, andbthg’aﬁdunt'éf-growtﬁ'rélafive>toA ‘
the,parénf'st;ainfrecbtded affer ihcubatioﬁ for 18'hours,_oI'5
‘ml amounts of NB containing,the iequired éoﬂcentration of anti-
-_ﬁibfiéfweié.ihqculaféd with O.i.m; 6f an:expoﬁéntiai culture'éf;
a babterial ¢§ncentration:of 5 x:iOBICelis/ml aﬁd fhe amoun£ éfiﬂ
érqwth“aftér 18 hours incubation-wifh shakipg éstimated by the_"

turbidity Qf~fhe culture. .

.Genetic Mapping by Conijugation

vMutant-strains_were.made'into Hfr(strains by_introducing an
F'tsggg‘from ECO infé_a ;gg-'derivéfive‘of the ﬁﬁtantiﬂ At 42oC:
cglqnies’ﬁhich were lactqse positive’on'EMB lacfose’plateés had
the F;;ég integrated’into the.éhromésdme.‘ The Hfr contaiﬁing

the mutant lesion were mated with two well marked F- straihs.



' 'Overnlght cult ires of both Hfr and a T6- res1stant F ~strain were

diluted 1 in 10 in fresh NB and incubated at 37°c for 1 hour.

Five ml of each were mixed in a prewarmed'ZSO.ml Erlenmeyer

flask, and incubated at 37°C with gentle shaking on a reciprocal

vshaker'(at 40 r.p.m.) foru3 hours.v'The excoujugants’were‘fhen
. diluted 1-inlsuinro.NBfCQntaining 6, 1 x 10° p.f;u;/ml, and in-
'cubeted for a further hour at 37°C.  The'cuifure was.dilurediand
plated on*Mé saits agar containing.all.rhe érowrh requiremehts
~of rhe F~ recipieht and.plares COnteining proéressively fewer of
theSe“requrremehts. A gradieut ofAtrensmission,was plotted’of
theAuumber_of recoﬁbinants for each merker.against-rhe'distauce

'ofAthat marker in minutes of chromosome time from'the‘Originjofi

chromosome transfer, which in this case was at 9 minutes, lact--

ose being the last marker introduced, and proA one of the

earliest. Recombinants for each selected marker were tested for

the mutant phenOtype and the position of the mutation on. the
chromosome estimated from the.gradient of transmission.

Ihcorporafion of Radiolabelled Substrates into Bacteria

DNA' RNA and protein biosynthesis were studied by folloWing

the incorporation. of. [6- H} thymldlne C HTdr), [5- H] ur1d1ne

( HUr) or L[u- CJ arglnlne, respect1ve1y5 1nto-tr1chloroacetlc -

acid (TCA) 1nsolub1e'materia1 A1l experiments were carried out

~with aeroblcally growrng NB cultures, w1th add1t1on of 10 pCl/
ml of Hrdr and HUr and 5 pCl/ml of CArg. To ‘ensure that
»3HTdr was only 1ncorporared>1nto DNA, ;QO T¥e} 2;de0xyadenosine/
ml was added to these cultures. o

Tb mbea-sure the radioac’:ti\}ityef the. TCA inseluble material.
10 pl of culture was plaeed onto a Whatman No 1 filter d1sc,

'dlameterv2,1 cm, When the 11qu1d was: absorbed by the paper the
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' disc was immersed in cold_S% TCA. After_all the_samplesshad been
taken,‘the_discs'were left iniS% ICAhonJice_for lo.minutes and_

vwashed‘3 timesvwith fresh cold TCA, Each_time»the discs were

- kleft,in TCA on ioe‘for 10>minutes.‘.The'discs Were,washed twice
'r1n absolute alcohol to remove the TCA . and spread on a plece of

blotting paper and dr1ed at 45 C Each dry dlSC was placed in a

sc1nt111atlon v1al and 5 mls of toluene based 11qu1d sc1nt111ant‘

NE 233,(Nuclear Enterprises, Edinburgh, Scotland) was added to

each vial.- The amount of radioactivity on each disc was measured

~in a Packard tr1carb llquld sc1nt111atlon spectrometer model 3330

(Packard Instruments Ltd., Readlng)

Polvacrylamlde Gel Electrophores1s (P A.G.E l

Gels. (7. 5%) were prepared by the method of Weber & Osborn
,_(1969). 'Acrylamlde stock solutlon 13.5 ml (contalnlng.22.2 g

acrylamlde recrystalllsed ‘from chloroform, and 0. 6 g bis acryla-

: mlde 1n 100 mls of water) was: mlxed w1th 15 ml of double strength.

: ge;‘buffer pH 7.0p(7,8 g NaHéPo4.2HZQ_+ 51.0 g NazHPo4.12H29 +

_2'g'sodium dodecyl sulphate (SDS) in a litre of water). This'was*

deraeratedvand 1}5 ml of a freshly prepared ammonium*persulphate »

"solutlon (15 mg/ml) and 0.035 ml of N,N,N' ,N' tetramethylethy~-
lene’ dlamlne (TEMED) were gently added and the mlwture gentl]
'.sw1rled. 1.7 ml of thls_solutlonvwas rapldly transferred to
»each stoppered gel tube and a small amount of water'layered-on
top of each to ensure that the gel top would be flat when set.
Samples to be run on gels ‘were solublllsed‘flrst by b0111ng
for 10 minutes in gel buffer, and then to o. 8- ml of the sample
0.1 ml of 80% glycerol and 0. 1 ml of 0.05% Bromothymol blue were
'added Approx1mate1y 100 pg of_protelh'was loaded 1nto each gel,

although rarely more than 50 pl of liquid was. applied. Gels
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vwe:e'funAin.gef_buffer‘wifh_é cbnstant‘c#rrent.ofls mA on a
Shahdon_ﬁoKam.elécfréphoresis unit (Shandon, L§ﬁdon,-Eﬁgiand) un- -
til the:b;omothymOIIblue traékerIdye_héd run:;h;ee-quaftefS of”I'
.the length3of fhe ge1.‘ The 1ength.of the.gel and'the disfandef
.fhat fhe dyevhad moﬁed.were measured.. | -
| Gels.weré'stéined And deétaiped by-fhers-stage procedure-of'
D. F. H. Wallah (Max_-Pla.nc.k-.Ins'titut. fiir Immunbiologie, Freiburg,
Germany):Q. : | i | | | | |
iij "1.25 g.coomaéﬁevbiue;,:éso ml isop:opaﬁol; 250 ml acetic_
acid and. .1,650 ‘ml .distilled'vwatér <18 'houié. | |
ii) 125 mg cboma%&e-biueg 250 ml.isépropanol;_ 250 ml acetic
’acid;  2;060'm1 distilled water ~f18'h0urs. '
iii) 63 mg céomégie'blge; 250 ml aqetic;aéid;. 2;25Q‘miydis;
ftilléd,Wafer - 18 hours. | |
iv), 800 ml methanol; 200 ml vace'tic; ,-;cid and 1,000 ml dis-
| _tilled‘watérl; 6 hours. | |
-~,v)‘A 10% aéetic‘acid - 12 hbﬁrs.
':$he-gelsZWere Stored‘ih 10%.acetic:acid.»’The_mobiiity of tﬁé
.various>protéins we;ebcalculated as -~ - |

Distance of protein miqfationA* Gel length at the start
- Gel length after destaining = Distance of dye migration

.mbbility =
Gels were read on a Joyce Loebel UV gel scanner (Gafeshead5

England).

Preparatioﬁ of samples.- for P.A.G.E. .

1) Periplasmic proteins

Peripiasﬁic proteins were‘ébtaihea from both the spent med-'
ium aﬁd the osmotiq shock fluid of‘lOd ml”of M9;sa1ts—grown cul-
ture. Both wére'dialyséd overnight égainSt running;tap wéfér

and thenvfreeze dried,' The resulting solids were resuspended in




5 ml of gel buffer.

v-2)' Quter membrane proteins:

Outer membrane was isolated by a'quificatiOn of the method‘.~

of .Schnaitman (1970). A litre of NB was inoculated with 50 ml of

an overnight culture and incubated for 2¥ﬁ.h6ur§ at 37°C. The .

cult&re was- harvested byvcehtrifugation at 8,000 g for 10 minutes

" at 4°C and the cells resuspended in 50 ml of -25% sucrose in 10mM

:tris“buffer le7.4ﬂcontainin§ 1 mgllysozyme/ﬁl._ The mixture was.
-kept on ice for 2 minutes and then diluted w1th gentle sw1r11ng
over a perlod of 8 mlnutes with 100 ml of 1 mM EDTA in- 10 oM tris
buffer pH 7.4. SphaeIOplast formatlon was checked by phase-'
ebntrast microscopy. The sphaeroplasts were dlsrupted by soni-
cation, and, the unbroken cells pelleted by centrlfugatlon at

5, 000 g for 10 mlnutes "The supernate was centrlfuged at 38,000

'r.p.m; for 1 hour inva MSE Superspeed 50 centrlfuge at 4 °c. The

»resultlng pellet was dralned of llquld and resuspended in a total-'

. of 15 m1 10 mM N-2- Hydroxyethylplpera21ne N'-2-ethanesu1phon1c':

ac1dr(HEPES) buffer pH' 7.4 contalnlng 10 EM_MQSO4 and 2% trlton..

' X100. . Ihe:mixture was incubated at room temperature for 20 minu—a

tesvand.Cenfrifugedlagain_at 38,000'r.p;m; for 1 hour. The

pellet‘ﬁas-resuépended in 3 ml of gel buffer.

Isolation‘of Lipobolysaecharide bv‘the7Method of Weerphal & Jann
(1065) | |
. Fifteen litres or-MQ—salts-grown bacteriadwere'hareested:by
centrifugation at 8 OOng for 10 minutes at:4oc;bwashed witﬁ'
fresh medium and freeze dried. Oﬁe gram 6f“freezevdried cells
were dlspersed in 10 nl of dlstllled water, heated to 70 C and
mlxed w1th an equal volume -of 90% phenol also at 70°C. The mle

_ture was stirred for 10‘minutesvat this temperature,-cooled in
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ice, ahd'centrifuged; usihg-giass-cehttifuée tubes,.to:sepa:ate

"~ the aqueoﬁs ahd'phenolic phases;'-The aqueous phase was eollected;
'.sdialQSed‘OQethight against tap;water, and'centrifuged.at_35,000‘
r.p.m; fo:kéﬁg hours to sedimentathe LPS. ihis was‘resuSpended
'ih‘distilled ﬁater'and:fieeee'drjed. |

Hydrblvsis and Chromatoqraphv of;LPS

"Five mg of LPS Was;hydrolysed for‘3ihours in 2 hl of 2 M.
.hydrochlorlc ac1d 1n a sealed tube at 100 C and the HCl neutra-
-llsed by add1ng an excess. of Dowex resin, and. de10n1sed by washlng
b'through a short Dowex/amberlite resin column and taken to dryneSS'
ihaa'rotaryeevaporater.‘ Ihe h&drblysed'LPS was.tesuspendedhin.
‘0.2 h1”disti1led=water,_SQ_pl.qutted ontQ,WhatmanHNo, 1 chroma-

' toétathhpaper ahd»run with standards‘for 24 hoﬁts in butanolﬁ
vpyridine:water k6:4:3).' The'chtomatogtam was developed by‘the
.,alkallne silver nitrate reagent of Trevelyan, Procter and

" Harrison (1950 : »

”thuantltatlve Analvtical.Procedu:es ‘

i) Protein wasidetermined either by the’method5of Lowfy,’
‘Rosenburgh, Farr and Randall (1951)'using bovine'serumﬁalbumin.as
. a standard, or by the ratio of extinctions at 260 nm and 280 nm
.1by the follow1ng equatlon -
_Proteln concentratlon (mg/ml) E28: x Factor x %&

d = length of llght path in cm. The,factor is obtained from Data-

for Blochemlcal Research Dawson et al (1969)
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. SECTION 1

AffeCt‘of Physical Conditions

‘on_Periplasmic Enzyme Release



’ Aéase is the best known and:chafacte;ised of the petiplasmic
- enzymes. It»is-also the hostvamenabie to‘stody, having.a simple
.vcolorimettic.assay{ | | | |
ﬂ‘The»APase’oan. coli is'repressed byvhioh concentrations of
phosphate.and ihohced when the conCenttation of inorganio phos;
hphate faiis'to.a low,level (Echols, Garen, Garen &‘Torriahi, 1961).
Phosphate is commonly used to stablllse the pH of culture media.
-However low phosphate medium for the 1nduct10n ‘of APase must be-
"boffered_by some other substanCe. Tris (Hydtoxymethyl) amino—.
hﬁethahe:(Tris) has often_been.used for this purpose but is a
strong.chelating agent anobis necessary for the.rehoval of LPS byl
EDTA} 'fhe-effect that Tris has on the cell‘eQVelope is.not clear;
‘but for a study offceil'envelope'eheyme:relatiOnships it was de-
cided not to.use Ttis‘to huffer theugroﬁth_medium.- Few_other sob;
stances are soitable'for.bﬁffering_growth nedia and‘these are
prohibitivelyhexpensiVe. ' To oyercome this;prob}em a straih‘Which

was constituitive for: APase was constructed.

'Isoiation-of_mutants of E. coli W31106 constituitive for alkaline

phosphatase'

Both NTG mutated and- hon mutated cells of E. coli.w31106-h
. were plated on Trls-buffered minimal agar containing O. 01M glycero-
'.‘bphOSphate as the sole carbonpsource; and a high concentratlon‘of‘
;inorganio'phosphate.' APase is»necessary'fo; grthh when glycero-”
'phosphateviS’the sole,oarbon.souxce. Clones that can‘grow'on
: glycerophosphate in the presence of hlgh concentrations of in-.

organlc phosPhate must be derepressed for APase productlon

(Torrlaml& Rothman, 1961). Colonles grow1ng through the residual . .

lawn were pioked off ahdhpurified,by:streakihg for sihgle_

l_acolonies'on'high phosphate, glycerophosphate minimal medium. ' In
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thls way four stralns constltultlve for APase were 1solated
The1r APase ac;1v1t1es when grow1ng 1n hlgh and low phosphate_
medla are glven in Table 4ﬁ 'The~spontaneous‘mutant M1 was used
’,for further experiments,'as it is-lessllikely to be a_doublev‘

' mutant-than those derived from NTG treated populatlons.

‘Release of enzymes by osmotic .shock and lysozyme thaeroplast

formation

~E. coli Ml did not release APase or B—galactosidase (BGSDase)

_1nto the growth medlum, or durlng the first stage of osmotic
" shock treatment, .However large amounts of APase were released-
during'the:second stage of osmotic shock, and during.lysozyme.
sPhaeroplast formation (Tableos) - These procednres cause the re-
lease. of 4% of the total cellular proteln but no cytoplasmlc B—
:GSDase (Heppel 1971) |

Polyacrylamlde gel electrophores1s of thevprotelns released
jfrom Ml by osmotlc shock demonstrated that only 10-12. proteln
spe01es were released (Flg. 11) Three proteln bands 5, 6 and
.7 form’ the majorlty of the proteln released by osmotlc shock
These correspond to protelns of M.W. 60,000,.52,000'and 40,000‘

’~respective1y:(Table‘é)._ APase is a dimer of M.W. 80,000 and

could give rise to band 7. This band was absent in gels of,pro- g

teins released by.osnoticbshock fron‘E,‘colirw31106»grown under‘
- conditions when itfwould notgprodUCe‘APasef- On a:M.W. basis
bands 5 andh6_cou1d correspond to cyclicphosphodiesteraSe and
5% Nucleotidase.andhband 11 to Ribonuclease,l (RNase_l);

. Osmotic shock was carried out in two stages. -During the.
first stage the cells were treated wlth Tris/EDTA at pH 7.4 in

the presence of 20% sucrose. The lris/EDTA treatment causes re-

moval of LPS and other outer membrane material (see introduction:



Table'4

Spec1f1c Act1v1t1es of APase ih APase Constituitive

Mutants of E. c011_=

Sp Activity of

" APase in Low %h?s-

Sp Activify of

APase in High %g?s—.

| Strain Mutagen phate medium' phate medium
units/mg protein units/mg protein

W31106 WT 0.715 0.00112

- M1 Spont 0.587 . 0.392
M2 NTG 0.54 0.455"
M3 NTG 0.48 0.37

‘M4 NTG 1.09 0.274

(a) wa'phOsphate.medium'wasvfhat of Neu & Heppel, 1964,

(b) ' The high phosphate medium was M9 salts.
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‘Table 5
Release of APase and BGDSa§e'by Various
Ireatments, from E. coli Ml
Sample = o _'APasé(d)" BGSDése(d)
Total cells (sonicate) . . : . 0.58 2.0
| Spent medium R | 0.005 .y 0.002
: ' v ‘ - (0.8)" * - (0.1)
Osmotic shock (stage I)‘ /' : 0.006 =
- R | ey
Osmotic shock (stage iI)(c)" , ~0.383 0.008
' o -} (66.0) (0.4)
Lysozyme sphaeroplast formation | 0.44 0,0085 _
: ‘ : ' - (76.0) (0.4) -

(a)" Figures_in.bracketé refer to % of total enzyme.

. (b) ,Stage I is>the-tris/EDTA'Sﬁcrosefplasmblysis stage.

'~ (c) Stage II is. the cold water shock stage.

(d) Units/ml 6fvculture.
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 Fig. 11, =

Scan .of Protelns Released by E. COll M1 (A) Follow1ng Osmot1c‘
Shock' (B) Into.the . Medium, Separated by P.A.G.E. and -
: Stalned w1th Coomas:.e Blue

w o

- migration
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g section 2) while 20% sucrose plasmolyses the cells In stage II‘:

’the plasmolysed cells were subjected to a sudden reduction in

the osmotic.pressure of the=medium5‘resulting in swelling offthe'

‘cells and rupture of.the'outer,nembrane (Bayer, 1968).

When EDTA'wasfomitted'from stage I of-osmoticvshock, only

15% of‘the'APase was released in stage II, compared to 60% when "-n

1 meEDTA:was present.in stage I, ‘The.effect'ofbincreasing;thel‘

EDTA concentration in stage I was to decrease thefamount of ‘
fAPase released in stage 1T while 1ncreaSing 1ts release 1n stage
I (Fig. 12)° However 10mM EDTA only releases 1% of the APase

during stage I.'

Release of engzymes from M1 in HEPES buffer

When exponentially groWing bacteria were incubated in 10mM

" HEPES buffer pH 7. 4 at a concentration of 4 x 108 cells/ml both

uAPase and BGSDase were released at the same rate (Fig. 13)
.nThis indicates that the bacteria were lySing and that . there.was‘
“rno-speCific release of periplasmic enzymes.f However when SmM
:EDTA was’ added to the HEPES there was an 1mmediate re1ease of
APase into the medium. ‘No further release occurred even after

prolonged incubation (Fig. 14) Nearly 4% APase ‘was released

- from actively grow1ng cells treated With EDTA compared w1th 0.1% -

released from resting phase'cells,‘as shown by the tris/EDTA

treatment‘duringfosmotiC'shockn(Fig. 12, a and b). This may re-

- flect differences in the stability‘of the'cell envelope in'rest—-p

,ing and'exponential phase cells. Clearly EDTA treatment does B
"not cause substantial release of APase, although there was a
detectable increase in enzyme release due to treatmentvw1th this
agent. e
| i’

“Affect of cation conc and pH on APase release
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Fig. 13.

Release of APase and BGalactosidasé From Ml Incubated in Hepes

pH 7.4
124
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OAPase release; -
OpBGSDase: release.

Cells grown in NB containing IPIG, 37°C, to 5 x 108Abacteria/m1',
‘harvested, washed and resuspended in an equal volume of 10 mM
Hepes buffer pH 7.4, and then incubated at 37 C. :
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. Fig. 14.

- .Re.le‘ase. of APase Fiom’WaSHed Cells of"» Mi
oo Effect of EDTA
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OML cells incubated in HEPES + 5mM E‘DTAV;

'®Ml cells incubated in HEPES alone.
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_ThélAPase bf'?seuéomonaé éerqginﬁsa can be feleaséd by wash-
ing cells witﬁ elévatediﬁng Con;enffations or by hanipuiating 
.thé_bH (Chengfgl;él; 1§70).vaf the_asééciatioﬁ Between APase and
fhé:E; coli.cell ehvelope is pdfely bf an ionié nqture,'élter-
vafion of cation céhcentratidﬁvaﬁd the pH of the medium should
causeAenzyme.release. | |

.An ekponentially_grbwiﬁg culture éf Mi was.waShéd in 10m¥_
HEPES‘buffef.pH 7.4 and resuspénded.in vérious.bufferé at é coha
centration of 4 x 108 cei1s/mi.Q:Thé‘pH'of fhe-bufferé ranged -
f  froﬁ pH SﬂS.té §.O.: Tﬁere was:no peak-6f APase release (Fig.'lsi.
ihrqﬁgﬁout the expeiiment reléase.qf APase and.B-GSDase was | -
idenfiéal,_indicating that.éhzymé release was due to cell iysis.
:Similérly_Washiné.the cells with HEPES-bﬁffer containihg va:ioﬁs
concentrafions’of.NaC1?'didbnot.cauée ieleése;of the APASe_(Table 

7).

" Clearly in E. coli the APase is not‘released-by manipuléting'

the ﬁhysicalvconditiOns'of the medium and it is unlikely that:the
1 association of the. enzyme with the cell envelope is by’purely'

ionic attraction. . However the association must be of a loose

‘nature, since the periplasmic enzymes can be released by osmotic

“shock and-lySozyme.sphae:oplastfformation. " Removal of soﬁebof’

" the LPS from the cell by EDTA treatment has been shown to cause . -

an increase'in permeability of the cells to various water soluble -

molecules (Leive et al, 1968) including lysozyme, which is a pro-

téin of.M.W.'14,000. EDTA f:eatment"did"not cause the release of:
APase which has a M.W. of 86;000 buf'RNase 1 of M.W. 11,500 was .
réleaéed‘when E. coli Ml was growﬁ on ﬁlatés-cqntaining EDTA.
The.releése oflpe;iplgéhic_enzYme;lih EDTA-damagéd cells may be

“related to the siée and shape of thé'moleculés which would
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© Fig. 15.

Release of APase and- BGSDase From M1
Effect of pH Manipulation

~ APase activity (u/ml'xib-s)

 @APase release;

- OBGSDase releasé; .

'Cells prepared as in 1egend to Flg. 13 and resuspended in an equal .
" volume of buffer - acetate/acetlc a01d pH 5. 5 Hepes/HaOH Trls/HC1

'.va 8.0.

' BGSDase _rel‘easé (u/ml) |



Table 7

Release of APase‘from M1 Cells.Washed with Various
' - Concs of NaCl

3 ' : APase Release = | % Release of
Sa;t,Conc (M) Units/ml : " Total Enzyme
o | 0.0065 . . 4.2
0.086 - 0.005 3.5
0.172 . "~ o0.0057 | 3.7
0.345 . 0.0076 ' 5.0

Cells were grown in NB to 4 x 10° cells/ml, harvested, washed in
10mM Hepes/HC1l buffer pH 7.4, and then resuspended in this
“buffer and incubated at room temperature for 15 minutes..'Enéyme'

_reléase was determined_as in:the materials and methods.



:indiéaté that EDfA t:éatmént creates weak é;eas or small holes
but:ﬁd:éeneralised_breakdowh of the 6dfe£'mémbrané.:mHowever.fhe‘
periblasﬁic'enzyméé»ﬁay 5e‘5$sociatéd'ﬁifh differehf'structﬁreé
I.-ﬁifﬁin fhe:éel1 envelope which'afé.affecfed by EDIA to different

éxtenfs.




SECTION 2

. Mutations Affecting the Cell Envelope R
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_Mﬁtations which affect the gram‘negafi&e bacferial cell‘én—"'
Qeiopeiare offen pleiotropic. vIt is reasohable to-assume that
altering the cell envelope.may offoct_its aésociation with the
perlplasmlc enzymes.' Cell ehvelope.mutants may be isolated by
-_screenlng for such‘phenotypes as antlblotlc sensit1v1ty, phage
re51stance and_altered morphology. Several of these mutants
were obt&ihed_and»exahiﬁed fo:‘alteratioh ofbtheir cell ehvelope/
hperiplasmicpenzyme associatiohs.

’Mutations'Affeotinq LPS

'i)h'_PhoSphoqlucomutase mutants -

Phosphogiucohutase G@m) catalyses theointerconversioh'of"“
glucose. 6 (P) to glucose.l.(P) (Fig. 16). Glucose;l.(P) is a
'precursor of ur1d1ne d1ph05phoglucose (UDPG1lu) and ur1d1ne |
'dlphosphogalactose_(UDPGal) (Adhya & Schwartz, 1971). ‘Mutants
bdéficientvin'Pgm,-whénIQIOWing»oh glocose'oi amino acid medium,
._canhot make UDPGlu'orhUDPGal,phut can,if.grown;on galactose.

: HoweVefhﬁheh‘gIOWing}oh gaiaotosehor haitoSe glhcose.i.(P)h
éccohulates but is-turhe& into-maitodéxfrin.ano ~amylose which
..are stalnable w1th jodine to give the "blu" phenotype of- Adhya'
~and Schwartz (1971)

. Mutants whlch stained dark.blué with»iodine whén grown on
maltoso weré isolafod_folloﬁing NiG mutégenesis of Ml. Sur-
vivors_weré plated on éMB hase aoar containihg 0.4% haltosé.
These were replicated.onto fresh plates. Afte;’incobation the
plates'wére flooded with a;O.l%-solufiohpofviodine in 1.0%
potasSium iodide. Colonies staining'dAfk biue'Weie easily
.'identifieo and picked off the moster»piate,

Three olasées of "g;g" mﬁtant*are'known; k(l) maltodextrin—

phosphorylase-less mutants, (2)»6;pho$phogiuconolactonase—léss



Fig. 16,

Interconver51ons of Glucose and Galactose to Form Cell

. Wall Polysaccharlde Precursors

- bolySaccha"riAde‘~ ' biosynthesis -

| UDPGlu <«—» UDPGal
GIu‘IP “\UZPGIU
'V'a'to‘ i Gal 1-P

dexmns

Maltose™ _'TPEP'.’ . Galactose

Glucose < — f |

- Lactose N

phosphoglucomutase

T
I

e
‘u

UDP glucose pyrophosphorylase
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-mutants,;which accumulate giuconolactone, a strong'inhibitor of
.maltodextrln phOSphorylase and (3) phosphoglucomutase-iess
-mutants. Pgm mutants glve the "blu" phenotype on both maltose
and galactose and can therefore be read11y d1fferent1ated from
the other two classes of "blu" mutant.

Phage typ1ng of the Pgm mutant, designated.Als, showed that
1t grew the phages T1, T4, T6 17, )\ , Pl and £80. Houever,‘un-
+like M1, it was sensitivevto phage c21 uhen grown on glucose S
_ nedium.but,Was resistant when grown on_galactose'medium.f,Phage
¢21 hinds_to cells_which have LPé deficient in:galactose
(Shedolovsky & Brenner, 1963), if'the mutant. uhen growing on
glucose or amino acid, is. unable to make UDPGlu g1ucose or galac—
tose‘would'not be'erpected to be incorporated into cell envelope
poiyners Such.as_LPS; The'T4 adsorption‘site is absent in cells
def1c1ent in UDPGlu pyr0ph05phorylase (Hattman & Fukasawa, 1963)
and hlgh glucose concentrations 1nh1b1t the adsorptlon of I4 tov
E..Coll B<(Dawes? 1975). It would seem.that glucose is part of
che-adsorption.site'ofrT4 in E. coli LPS; C1ear1y>A15 must have
some complete T4_adsorption sites‘or it WOuld-notvgrow the phage-
and therefore nust_incorporate some;glucose into the LPS..‘If.
adsorption of T4 to A15_is‘compared with that to Mi (Fig.‘17)_j
only 25% wasgadsorbed oy A15 and over 95% by the parent Ml. Thus
there is ‘a reduction in the‘number,of'14 adsorption sites.

Either'thisvmutant is not completely blocked in phosphoglucomut-

ase activity or there is some other way of producing glucosegl.(P)-

in the bacterial cell. Al5 did not leak RNase 1 or APase into
the growth medium nor was it more sensitive to DOC or GV than Ml
(Table 8 and 9).

The postulated function of ‘EDTA in osmotic shock treatment

'7(_}



. Fig. 17.

" Adsorption of T4 to pgm .and pgm Strains

PFU/mi L

10— . — .
0 3 6 9 2.

~ time imins)

. @AlS; -

CBML.



 ReiéaSe of APase and BGSDase_Durinq

" Table g

Growing of ML and Al5 -

Stfain

APase
Units/ml

~ BGSDase
-Units/ml

0.006 (1.0)

 0.003 (0.87) . .

0.00012 (0.3) .

- 0.00007 (0.2).

-_'Figuie$’in bratkets'%:of7totalfenzyme‘réiéased;j



. Sensitivity

to Phage, DOC and GV, and RNase 1 R

Table 9

elease

" by M1. and Al5

Strain

T4

_ . .| bpoc
17 | c21
T _ ng/
’ _ml'

30

GV 5 -

pg/

‘ml .

RNase:
" re-.
lease

ML NB

. | A15 NBG: .

M1 NBG(a)s + + r_ T r - -
A15 NB S+ + + r -

| (a) NBG =‘Nut#ient~Berh + galaétose'(0.2%);;_ ” R
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is to make the cell envelope more permeable (Heppel, 1971) EDTA -

causes an alteratlon in permeab111ty by removing a large amount

: ofthS and some outer membrane.materlal.(Lelve,'1965). .The,re-"
lease ofdenzymesfduringvosmoticbshock treatnent with and without
EDlA, was exaninedkusing E.'coli Als?lwhich'hasaan'LPS defect
suppressible by:growlng'the'cells initheipresence of oalactOSe,
to see-if a defective LPS would haVe‘thersame effect'as treating
the cell w1th EDTA The results are snmmarised in Table 10,
:Very 11ttle APase was released by osmotlc shock of Ml wlthout
EDTA, irrespective of the growth medium, With EDTA:approximately
" 70% of the enzyme:wasireleased;‘ A15'released-60%'of'the APase.by

" osmotic shock withOut.EDTA'when grown on'non—galactose media,

”but only 1. 5% when grown 1n the presence of galactose. Galactose‘

z'grown Als cells released 80%. APase by osmotlc shock in the pre-

Sence of EDTA. Clearly the defeCtive‘LPS'allowed the release of

APase by osmotlc shock whether EDTA was present or. not The:

7effect of EDTA appears to be to alter the outer membrane and this -

alteratlon 1s requlred for. successful release of" per1plasm1c en-

zymesbby osmotic shock, The:Pgm mutation however,'does not

cause a change in the association of periplasmic enzymes with the '

cell envelope.

ii) Penicillin super sensitive mutants of E. coli

Mutants of E, coli Ml which were more sensitive to penicillin

:were 1solated follow1ng NTG mutagenes1s, and screenlng the surv1-
' vors for- the 1nab111ty to grow on- 30 Hg pen1c1llln/ml In this

. way PsZ anvas4 whlch had 1dent1cal phenotypes were_rsolated.

‘They were found to be more‘sensitive to_novobiocin and penicillin

than M1, and T4 resistant, but they were not tested for T7 resi-

~stance. These strains released RNasevl as-shown.bylthe_plate-'
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~ Table 10 -

Effect of EDTA on Release of APase by Osmotic Shock

by M1l and Al5 Grown With and Without Galactose

APase Release by. Osmotic Shock

Units/ml
 Strain - 4EDTA | -EDTA
ML NB . 0.252 (72)(P). . 40.006 (1.7)
M NBG(a) 0.246 (71) . 0.014 (4.0).
A15 NB 0.11 (77) | ~0.083 (60)
Al5 NBG 0.12 (80) | 0.0022 (1.5)

© Osmotic shock carried out as in materials and methods.

(a) NBG = Nutriént Broth + 0}2%,galactose,

(b) Figures in brackets % of fofal enzyme.
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'_'assay; hut did not release APase (Table 11). Ihe-mutants had a
slower‘growth.rate in NB than the‘pareﬁt; As these mutants-were

. T4‘resistantlthere‘is likely to'be.an'LPS alteration.' |

Slmllar mutants have been descrlbed which’ have altered LPS

and are T4 reslstant (Tamak1 et al, 1971) These mutants were

reported to. leak per1p1asm1c APase (Slngh & Re1thme1er 1975),
which is in contrast to the results obtalned in this study.<4
.Slngh & Relthmeler (1975\ obtained thelr novob10c1nbsen81t1§e
strains from Tamaki et _al (1971) and APase productlon was 1nduced
~in tris-buffered:minimal media.,‘Under’these condltlons they.
found that_4-8% of the APase~activity,Was released'into the'cul-
ture medinm. This amount of enzyme release might have been

‘.caused by the actlon of trls on these deep rough LPS mutants.

.iii) E. coli Ml mutants resistant to phages T4 and-T7..
.:Spontaneous nutantsxresistant:to phages‘T4‘and T7iwere iso-
klated as.colonies thatvgrew.through a top-agarvplate'contalninge
l‘enough phage to giveVCOnflnent_lysis‘of thelbacteria.‘:Several
mutants were‘isolated_and thesehfell into 3 phenotypicsclasses
(Table_lz).v Class]l,-isolatedvfor T4’resistance, were sensitine
Ito'GV but not to DOC, sensitive-tO'T7.and c21 and- also releasedp'
-;RNasell into the growth'medium; ”Clearly‘thisjgroup'has~anvaé-
 defective in galactose and also in the T4 reoeptor site,vbnt_not'
' the T7 receptor slte.: Class 2 isolatea as resistant to T4.orrT7"
!rwere muc01d,‘re51stant to C21, but- dld not show any of - the other
phenotypes normally assoc1ated w1th LPS def1c1ent mutants, They = "
did not release RNase 1 into the mediun. It is probable that

- the receptor sites for the phages are blocked by extracellular

. material known to occur in other mutan%s (Radke & Slegal 1971)

_fClass.3 1solated as reslstant to Phage T7 were re31stant to T4,



Table 11

Characterisation of Penicillin Sensitive Mutants of
: E. coli ' -

Sensitivities to
Novo- | Pend-| DbL- | oy, o
: » : : bio- cil-| ing . 1
Strain'| T4 T7 Tl T6 cin | lin' | Time ro
R | - 30 30 |- NB .| oase
mg/ml jmg/ml| 37°C ‘
w31106 |+ |+ + e r r | 27 | -
Ps2 - |- - + + o+ s s 55 /|  +
Psd | _;_'- + + | o+ s s | 50 +




Table 12 -

| Characterisation of T4 and T7 Resistanti Mutants of

E. coli_

Class

boc |

30

m

gﬁnlx

T4

c21

_' RNase
1 re-
lease .

W

4+

.2 r s - - - -
-3 s S - _ 44




17 and czi;v Ihey'were also very seﬁsitive-fo“noc and Gv'and_re- _'
: leased laxée amounts-of RNase 1. This group Of-mutants:showh
alterations'consistent with a mutation affectino'the innermost
bv.part of the core LPS and are 11ke1y to be defective in the adsorp- -
f tlon 51tes of phages T4, T7 and C21 |
None of these classes of - mutants.released APase at srgn1f1- |

oantly higher levels than can be explained by'Cellular.lysis? as |
Ishownvby-BGSDase release (Table 13)._ Extensivezlysis oocurred in
.sone of theserstrains, notahly those from Class 3. Why this
should occurliS'notvclear. | | o

. Release of RNase 1 hy mutants from Classesvl and.3swas.tested
on plates. _This release.uas_distinguishedbrrom'release due.to :
oellularhlysis by‘lncorporation-of.ZQ% Sucrosevinto the agar to
bbstabiliSe the bacteria. APasethouever was not reieased : Clearly
in both Classes 1 and 3 there is an alteratlon 1nbthe permeablllty
barrler of the outer membrane. ‘Th1s was shown by increased sensi-
v}'t1V1ty to GV which is a monltor of permeablllty of the outer mem~ll
brane (Gustafsson,‘Nordstrom & Normark 1973) and also by the sus—’.v
;'ceptlblllty of Class 3 to DOC. The drfferencerln patterns of re-

lease of RNase 1 and APase 1n:these'mutants could be due either to

‘difference in molecular‘size.'vIt,is not clear what part the LPS
- playsfin maintaining periplasmic enzymes within the cell envelope.

To study this in more detail known LPS mutants were obtained.

iv) LPS deficient mutants of Salmonella typhiﬁurium

. The structure of the LPS of S. typhimurium has been determined
. by the isolation and characterisation'offdefective mutants‘(for reQ'

.V . . ’ . ' ‘_ "‘ » ) . . N
views see Stocker & Makela, 1971; . Lilderitz, Westphal, Staub &

‘Nikaido, 1971). Mutants for most steps in the biosynthesis of the



Table 13-

_Rélease of Engzymes by T4 and T7 Resistant Mutants
.of E. coli

Class = .| ~RNasel |  APase |  PGSDase -

WT:" S | - 0.8 - | . 0.1%

BT I § 2.4% . | 0.3%

3 L T 4+ ‘ e ' 11%'\3 b . 8.5%".'
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'LPS core are available. The‘struéturé of the core of S,

tjphimurium and its core-deficient mutants is shown in Fig. 9. A

range of these mutants was dbtained and tested for various chara-
cters such as increase in sensitivity to novobiocin, DCC and GV,

and also for release of RNase 1 and cyclicphosphodiesterase

(CPDase). APase is not produced by S.’typhimurium.-

' As the LPS.lesion affects moie of the céie region sé'the
.st#aih becomeébmore sensitiye to GV, -rfaG,,which has no glucbse'
or galaétose iﬁ‘its:LPS,.is ﬁore sénsiﬁive to GV than the.WT;,
while rfaH, which has one rééidue'ofyglucbsé attached‘to.fhe core
~is not. Similarly‘it is only the heptose-1less stréin gigE»which.
becomés:séhsitive‘to novobiocin and DCC (Table.14). The release
of RNése'l.aﬁd CPDase incféased as thé mﬁtation affécted hdre of
- the éore and reached a maximum in the rfaE strain (Table 15); 
If.is interegting that.evenlthe ;;éK.strain has some effegt‘on re-
'leésefof RNasé.1 and CPDase,lalthough this'is:siight. A control
‘fdr'ééliularinSis'Was_not:included in’ihis expérimeht-bﬁt the
foial growth of these strains was similar to {hat of,the-wiid‘
type andvitfis unlikély fhat-74% of the culture had lysed in fhé '
~case bf the3££§£ strain. jMOre,acid'phosﬁhatasé'(ApPaée) Qas-xe—'
'1eaééd‘froﬁ thé-;ﬁgﬁ.st;ain:than,frqm the WT, bqt:the levei of en- -
éymeireleased by the WT was‘very-high; - The reason-foflthis ié_
not clear. . CPDase has ;.M.w; of approximately 66,006 and AIIAIgé
ahount'of thié enzfmevis réieased By théfgigE‘strain.: Cleariy
there is.hotxmuch of a perﬁeabilityvbarfier presented by the
outer membrane of the ;igﬁ'strain to this enzyme. |

Lindsay gi;gl'(1973) reportedAﬁhat APase waé re1eaéed from a
-‘S= tﬁphimurium gigE st;éin‘ﬁhich céntaiﬁéd an F? cérrying'the

'ZAPase-genes from E., coli. Their resultSIWere similar to those of



. Table 14

}vSénsitivitv of 'S, typhimurium LPS Mutants to
Deoxycholate, Gentian Violet and Novobiocin

' Strain Mutation DoC GV - . NOV

30 mg/ml | 5 pg/ml | 30 pg/ml .

sL1027 | wild type|  R. | R | 'R

‘sL1032 | rfac | R | s | -~ r

'SL878_ - rfa H ] - R - R . | R
SL1036 | rfa K |- 'R R .} R

sti102 | rfaE [ s | s s

52



_ Table 15

_ Enzyme Release by S. typhimurium LPS Mutants .

H'Stiainr'

Mutation -

,RNase‘1

CPD

Acid
Phos-
‘phatase

SL1027
'SL1032
 SL878

© SL1036

SL1i02

Wild type
. rfa G- |
:rfa_H .

‘rfa K

rfajE'

++

Tt

+¥++

23%
- 22%
on

74%

20%
'nd

nd
"nd

50% -

‘nd

= not. done"
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'Slngh & Reithmeier (1975) for heptose less mutants of E coll, al-
though L1ndsay et al found that release of APase followed ‘shed-~
d1ng of LPS 1nto the medium., Only 7% of the 'APase was released.

The proteln comp051tlon of the. outer membrane is altered in deep

rough’strains.of-S. typhimurium and E, coli (Ames et a1, 1974)_

with decreased amounts of the major proteins, .Raﬁdall_(1975)

showed that one of the minor proteins of the outer membrane, which -

forms the adsorption site of phage X,, is preéent in-decreased
:amonnts in.E. oolirwith defective LPS, The LPS seemsfto have a
stabilising function'in the outer membfane; probably of an ionic
vnatureﬁ It is not clear Whetherxthe.effeots-of LPS fenoval-on

' the'periplasmic enéymevis due to the;abéence'oflLPS’itself;

" through changes in other constitnents.of thenoutef membranel.
caused by its absence. It ie possible that CPbase‘and RNase 1
-are e1ther.more closely associated with LPS than APase, or that
_these.enzymes are available for Ielease throngh the outer membrane

defect caused by LPS removal,' but APase is not.

.:ReleasevoflEnzvmes by.Other‘Cell Envelope Mntants

| Several other mutants of E. coli K12 and E, ‘coli»B.were ob-
tained and tested for permeablllty barrler defects and releaee of
RNase 1 (Table 16). fThe;T4 resistant mutant of E. coli‘B (B/4),

was sensitive tofGV and released RNase 1»into the medinm, while'

the T4 resistant mutant of E. coli K12, F(C32), did not and was

not sen51t1ve to GV. _This strain plated some mutants of T4 Wthh

» have altered base plates, and it.is likely that. part of the T4

adsorptlon site is present in this strain.. Two stralns res1stant
to T6 were obtained. These did not release RNase-l, nor were
they sensitivevto GV or DOC. The Tonfystrain{'PA340, behaved

-similarly. The adsorption sites for T6 and Tl are known not to



,AIable 16

" RNase 1 Release, Phage  Sensitivity and Sensitivit? to Deoxycholate and Gentian Violet
. ' of Various E., coli Cell Envelope Mutants

RNase | - | L . , | poc | -av
lre- | T | T3 | T4 T6 T7 c21 | 30 | 5
lease - AR ' S mg/ml | pg/ml

E. coli o Envelope
| Strain Mutation

M1 . Wild type = = s s . s s s r r | x
B I wild type R - ' s. s - | s s |- s X T -
B/4 UDPGlucose

pyrophosphory- o S _ _ .
‘lase less S N s - T ' s s T _ r r/s

c32 T4 resistant
' mutant of gal E . o o :
strain 1 - S s ‘T s s ~nd b 4 r

. CSH57B |. tsx: R - s s - s T s nd | r T

AB1156 tsx - , o R . s - s s r s ~ nd r Sr

PA340z tonA a ’ - r i éA - :s B s s nd | r | x




o “be pre.'sentf on the LPS ‘and are thought to be protein,



' SECTION 3

" 'Mutations Causing Periplasmic -
o ‘Enzyme Release



‘Isolation and Characterisation of Mutants Which Release RNase 1

.'Mutants‘of‘E. coli Ml thch felease peiiplaéhic‘RNase 1,
were 1solated follow1ng NTG mutagene51svand screenlng for RNase 1
release on plates by the method of Lopes et al (1971) »Colonles.
that‘release RNaseil were eas;ly_detected (Flg._ls) and“diffeien;.
tlated.ffom noﬁ;releaeiog colonieS;v-Mutants tﬁaf_felease'RNaee 1
'lwefe_isolated at a ffeqdency.of'3'x l0-3,‘from‘a.mutagen treat-
.v.ment thaf‘yielded 1.4 x.1Q?1 auxoflophe'as-detexmined bylcolbnies:

. onable tojgfowloo minimal medidm.{ Fifteen ﬁutaﬁts whléh»releaee_
dRNase‘l wereiiedlated ihathlé'way.

.“lhe mufants ﬁexe tesfed for‘vafioﬁs-parameters whioh ﬁight
bé expécted:to be altered, e;g.areleaée of other periplaemieeen;
' zymes,.xelease of cytoplasmlc enzymes,‘sen51t1v1ty to antl-‘.
ﬁbacter;al agents phage een51t1v1ty and colonlal morphology."lhe
-.x"es"x'xlt‘s"»are »}shown-ln Tables 17 and 18 and Fig. 19. B

'Straloe BlS and Béo'were Ver§'similaf, releasing 1arge1_-
famounts of RNase 1, very llttle APase, and belng more sen51t1ve.
'lto DOC and GV ‘than the.wild type. Increased sen51t1v1ty to GV
and DOC"we;evfoundlto»belﬁseful parameters to-dlstlngulsh-dlffer-
ent ﬁufations resulting in'release of'RNase'l} "GV seasitivity
Cis a good lndlcatox of outer membrane‘permeablllty defectabb

(Gustafsson et al, 1973) and it 1s probable that ‘strains Bé BlS
and- BZO ‘have an altered outer membrane permeablllty barrler. :It,
ls not clear»how DOC acts on the cell although it is probable
that belnd a llpld solvent it exerts 1ts effect on the cyto—i
.plasmiCAmembrane.b Two typeslof mqtation might_be expeeted to‘.
dreéult in DOC sensﬁti?ity;‘ an alteratioﬁ in the permeabilitydof‘
' the:outei‘membrane to DOC,‘and mutations-Whieh.would-rendervtﬁe

»outer membrane sdsteptible to DOC dissolution., Several strains






Table 17

' Release of Enzymes by RNase 1 Releasing Mutants.

of E. coli

~APase . =

ASNase

' BGDSase

’_(a)
(B)

not done.

Straln': units/ml RNase units/ml .units/ml
M1 0,005, - 0.11 0.0036
' (1%) "7 (0.35%)
B19 0.26 +++ 0.026 '0.0044
o - (50%) ' (0.4%)
' B15 10.007 b4 0.082 0.005
(1.6%) - ‘ (0.45%)
B18 " 0,041 + . 0.068 0.0184
(7.2%) ' (1.6%)
B3 0.014. + 0.117 0.004
' - (3%) , , (0.39%)
c9 10,0078 + “nal®) 0.005
(3.7%) - (0.5%)
cl4. 0.0117 - nd 0.01"
(2.2%) (0.80%)
'B16. - (0-OKg) R nd nd
- B20 00034 4+ nd '0.005 ‘
61},‘)». (Or45%) .
B17 . 0.0162 ++ nd . nd’
’ (3%) ' - '
- B6 . 0.0046 ++ " nd nd
o - (1®) ‘ '
Figures in'braékets are the % of total enzyme released..
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- Colonial Morpholoqv and Sen31t1v1ty of RNase 1 Relea51ng

Tablé 18

Mutants to Varlous Antibacterial Aqents

‘Sensitivity to.

>30

-Colo- : _ _
: . nial. | . RNase Pen ‘Novo GV DOC
Strain mor- ..} 1 re- pg/ml /ml /ml ‘mg/ml
phol- - lease. ho _ Ha/t - b9 ,9
ogy ' '
M1 R - 50 | >30 7.0 350
B3 . R + 20 10 7.0 | 50
‘B6 R ++ 50. %30 1.0 10
B15 . Muc SR 50 330 1.0 10
B16 | R ++ | 5o | 30 | s.0 20
Bl7 R * 50 | 30 7.0 "30
B18 R + 50 -f 330 7.0 | - >50
B19 . R ' ++++»‘ 50 | 230 7.0 30
~ B20 Muc | 4+t 50 | 330 1.0 10
- ©9 R - 50 $30 5.0 30
cl4 R + 30 5.0

>50
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U Fig. 19.

 Resistance of RNase 1 Releasing Mutants -
: of E. coli to DOC '

- 1008,

504

i
!
|

control ' :

0,
i /o
IN)
v
1

10- A T ’ (g T r
O;:u_"]O.u‘ 20: 30. 40 ‘50
o ~ DOC conc (mg/ml)
' Cultures were all grown: at 37°C in NB‘cdntainihg the indi{-
.‘ _vqated-concéntration.ofJDOC, fy" .
r'( » C14;' o
' Ml;
c32;
B15;
'B19.)
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such as B16, 817; B19 and C9 showed increased'sensitivityvto‘DOC
but not to GV, eithough al; straihs'SensifiVe‘fo‘GV_were sensi-

tive to ﬁOC.  If'is difficuit to compare the permeability acfess
the outer memﬁrane of two moiecules'which are so diffeieﬁt in

sizevand eharge as GV and_DOQ, alfﬁeugh:mutants'Which'were vety

sensitive to‘DOC<did seem to be sensitive'te GvV. |

Novaiocin'and‘peﬁicillin Wefe not very useful in classify-
,iﬁg these mutants, only one'strain,_Bé;'being seﬁsitive'iq
either; None:of the-mutsnts isolated for RNese.l‘release'were -
altered:in:their sensitivity to any-df the common E. coli phages.
This isesuiprising3 since several mutants iselatedifor T4'Qr~f7"
.~ resistance ﬁexe-feund te‘release Rﬁase 1'inte the‘medium (See
‘Results*—VSection-Z).‘ if‘anﬁ“of.the RNaseel reieasing‘mutents
were'deficient in’fhe'inner core\ef'theirvLPS, it would be" ex-
pected that they would be re51stant to T4 or T7. | it is however
'p0551b1e that a mutatlon affectlng the LPS core Wthh is leaky
or Wthh causes a decrease 1n the overall amount of LPS in the )

: cell‘could cause the_RNase 1 ;eleasing phenotype but retaih

phage sensiiti\'/ity.‘ To chécg ‘this pessib_ility, the abili_ty.vofv |
sevefal»ef fhese-mutants te adsorb phage T4 was measure (Fig. 20).
';815;>B18 aﬁd'Blgﬂall.adsorbed.I4 aseeffieiently as the'pa;ehf M1,
while in A1S, a QQg- mutant, there is.markedly redﬁbed'adsofpfioﬁ
.of T4. - | ”

Release of peripiasmic enzymes was found»fo vafy.from mufant
to mutant. Bistand B20 were found to release large amounts of -
RNase 1 by the tqp-agar method althouéh.only 1%iof their Afase
'was released,'_B19 however released large‘amounts of RNase i and
50% of the A?ese activity during normal growth;_ This mutant also

bad much reduced amounts of cell bound’Asparaginase IT. None of |
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the mutants reieased'significént'amounts of the cytoplasmic en-

zyme’Bfgalactoéidase.

" Assessment of Enzyme Release

a) .Sfandardisation'of éxpgriments

vThe amount of periblasmic enzymé felédsed by a bacterial
cﬁlture_wili be dependeht_on-thé cultural conditions, the'phase
of growth that tﬁe»gultﬁre.has'teéchéd‘énd thevéssay Sistem used

to detect enzyme activityvin-the culture media. " Conditions in

these experiments were standardised as faf as possible. All cul-

 tures were grown fof'18 h6urs in NB at 37OC. ‘It was found that

' the temperature of growth had more'effect on APase reléase in

some strains. than in others (Table 19) but in any one strain the

amount of APase released by an 18-hour culture grown in NB at .

37°C was constant.

Various.methods,of‘obfaining APase preparations to measure

the release of thié:enzyme‘wefe,tried; It was found that soni;;’

ﬁvcéfiohkgf“the bacteria in spenf medium was fhe‘m6§t<convénientv

" ﬁethod,ahd'ﬁasiuSed to-qbféih'a total-enzyﬁeisamplé.j Sbﬂication
.for.the_léngth of timé needed to disrupt the bacferié did.nqt‘
afféct tﬁe éctivity'of»the enz&meAthat‘had‘been‘reléased intb'
the culture flﬁid., Ali APase assays were cérried dut’ﬁsing'o.l‘

ml of enzyme sample”to dilute Quf any inorganic phosphafé which

would be present in the spent medium, and which might interfere

with the assay.-

b) Methods of aéseésihq release  of Asparaqinase‘II and RNase 1
Release of asparaginase Ii»was,inferred from its disappeaf-

ance from ﬁhple'celis. _Thé assay system ﬁsed.depenas 6n-the fe;

 1ease of amméhia_frbm aspaiaginésé, aﬁd as the enzyme.iS’only

produced by bacteria growing in ammonia rich culture media
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- Table 19
APase Re;eqse by RNase 1 Relea51nq Mutants Grown at
Varlous Temperatures

Strain and Growth

APase release
Temperature

M1 30 B - 0.8%
- 37 S - S 0.7%

40 ' ‘ ‘ . 0.8%

' B18 - 30 -1 o0.83%
. 37 - 8.0%

40 ) . 12.0%

B9 . 30 R 1.0%
37 - ar.0m

40 | 50.0%

B3 30 .. - -} . o.8%
37 - | 3om

40 | o 4.0m




v(Jeffries, 1974);.deteotion of this.eneywe ln the culture medium
is notlpraeticahle. | |

Problems'were'encountered'in_devising a reproducible assay
system forfRNase 1 in soent culture media.' Usingbthe_method of
Neu &;Heppel (1964) very-high background aotivity was present in
- the control assay posSibly due to EDTA actioni the'presence of
~which is'necessary to hreahdown'the endogenous RﬁA. Addition of
excess:Mng ions'interfered with the‘enzyme's activity. - Repro;
ducible results.were obtained'by the plate‘assay.method‘of f
hGesteland (1965) mod1f1ed by Lopes et al al (1971)

Characterlsatlon of the B19 mutatlon.

319 releases largevamounts-of APase into the oulture'medium
‘h during‘normal growth hut very llttle of the cytoplasmic.enzyme.
'Banlactosidase.‘ This would suggest that the.releaselof.A?aSe
“is hotfcaused*by cellular lwsis‘ih this'mutant. 319 is more
sen51t1ve than the parent Ml to DOC but 1s the same 1h its sensi-
't1v1ty to phages GV and antlblotlcs.y Th1s mutant also released'
'vlarge amounts of-RNase,l and asparaginasezll but seems to.hawe

only.minorlouter membrane permeability defects.

(1) Factors‘affecting.APase releasebin B19-

When APase productlon and.release were followed throughout
-‘the growth cycle in NB (Flg. 21), as growth slowed down so did
the productlon of APase but after a delay of 30 m1nutes. However
the release;of APase carrled on unt11.50% of the enzyme had been
1re1eased,when.it slowed‘down ahd from then oh followed enzyme
_production;'i.e;'SO% of the APase produced was alwayS»released.
The enzyme that_remainsfassociated with the‘bacteria can he re-
V‘leased hy'sonication, and also hy'osmotic shock (Table 20), in-

dicating that it was still located in the periplasm. If the
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B19 was' grown at. 37 C in NB.

 Under 1dent1cal experlmental con-
»-_dltlons, no APase release was detected from Ml.

~A‘ total‘.APase act1v1ty; o
_ ‘A APase: activity in the medium;
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Table 20

Release of APase into the Medium and During Osmotic
. Shock of Bl9 - R

Sample o _APase activity units/mij
Total cells o N g - 0.243 (100)§a)
Spent ‘medium o S| 0.146 (60)
Osmotic shock stage II e . 0.1165 (48)

(a) Figures in brackets are % of total enzyme.
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release of«enéyme~is followed duiingvgrowth>in MM,.but protéin
'felease is-also monitored (Fig, 22); protein réleaoe followsf.
growth,'but produotiOn and release of APase afo faster thah.
éifher. wThuo APase release is limited'by the rate of p;oductioh
‘oflthe'enzyméé and not ollbof the»oroteins that'afe releoséd are
released at fheséame rate;, |

:a)» Effect of cliloramphenicol on release of APase from B19

' Chloramphenicol (CAP) 10 pg/ml waé édoéd to an.éxponentiéily
growing culture of Bl9 and‘APase'produotion and release'followéd_
f(Fio. 23).; Wifhih 15—30'minufes-growth and APase pioduction had
ceased. APaoe.release.hooner; continuéd until‘SO% of the en-
zyme had been'releaSed._ No APase‘release was detected‘ih.cul-
‘tures of ‘the barental-strain‘freated in this way. Clearly APase
'release does not depend on contlnued productlon of the. enzyme,
:whlch mlght suggest that -APase dlffuses through the outer mem-
brane and is not forced out of . the perlplasm.. Half of the APase
1s.re1eased by ‘this mutant durlng growth The fémaining‘APésé
‘ oouldrbevlocated in a diffe:ent-part of‘the.poriplasm?hor the
mutation‘might only partially'feduce a component in the céil én—,
hveloﬁe which is :ésponsibié for maihfainiﬁg_the ehzymé in fhé
pefiplésm.. |

b) - Effect of temperature on APase release and_othet phenotvpes

BiereleaseS'very little APase at 3OOC,vbut large amounts at_y
37°¢ or 40°c (see Iabie‘19). This cannot be correlated with -
differences invfhe.growth rafe a£ these»temperatores (Fio. 24).
'.Ihe amouht of APase released by cultﬁres of BlQ_incroaées_with
'_the‘growth temperature-aboVe 3OOC réachihg o maximuﬁ at 37OC_to
_4OOC‘(Fig..25);‘,Ihe pafenf Ml‘did.not release APase over thio'

temperature range. It is possible that B19 has a temperature



Fig. 22.

Release of APase and Protein From B1O

(2) Growth and'Protein Reiease o B L (D) APase Production and Release
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Bl9 was grown in M9 medium supplemented with 0.15% casamlno ac1ds and 100 pg/ml arginine, . at 37° C.-
Proteln concentration was determined by the method of Lowry et _al (19 ).
( A optical density; A protein concentratlon 1n the medium; C>total APase activity;

® APase act1v1ty in the medium.
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. Fig. 23.
| Releéée of APaée Fréfn B19
Effect of Chloramp_he_‘nicol‘
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B19 ‘was ggownv in NB at 37°C to an. approximate cell concentration
~of 2 x 10" cells/ml, chloramphemicol was added to give a final
concentration of 10 pg/ml (arrowed on the graph). :

(. - (O optical density of the culture;.
A total APase activity; '

A APase activity in the medium.)
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rlg._24
_ Release of - APase From BlQ and Ml
Effect of Alterlnq The Growth Temperature
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growth temp C

Cultures grown in NB at the temperatures 1nd1cated Enzyme release

was. measured as deScIlbed in the matergals and methods

','(' A % APase released by B19;
. z\ - % APase__released_ by Ml.)
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_sensitive mutatiom mhichvis responsiblevfor the APase release.
"To verify th1s, the sens1t1v1ty of B19 and Ml .to DOC at various
.temperatures was tested (Table 21). ‘Blg was sens1t1ve to DOC>
at:temperatures.below 30° C.' Either Bl§ is a_double‘mutant_or thev.
APase;releasing'phenotype.isinot_caused bypartemperature.sensi_
tive protein,hbut by.a temperature dependent change'in the cell
.:envelope. 319 released-less4RNase l'at 30°C.than'at 37°C'(Table
.22);' However the fact that RNase 1 is released at. 30°C 1nd1cates
_that there is a cell envelope.defect in the bacterium grown at

‘this temperature.

c) j“Effect-of cation concentration'on.APaserelease'

when divalenttcations, such'as»ﬁgz+ or.Ca2+ were added to._
.,the growth medium the percentage of the APase released decreased
(Fig. 26) but the amount of enzyme produced also decreased Mag-.
nesium dld not 1nh1b1t the enzyme at the concentrations.used It
‘is likely that;divalent cations stabilise membranes and thus not
fonly affect the release of APase across the outer membrane,.but
.also affect the amount ‘of enzyme passed across.the cytoplasmic
membrane 1nto the periplasm; fMonovalent cations e.g. Na.,yat'ﬂ

the same concentrations ‘did not affect enzyme release.

:folyacrvlamide qel electrophetic study of proteins released bv
:Elg . - ,

Most of the proteins that released fromiﬁllby osmotic shock
were released by Bi19 1nto the culture medium during growth (Fig.
'27). Thus the proteins released by 319 Were periplasmic. Protein
bands 5, 6 and 7 of M, W. 60, 52 and 40 , 000 respectively were the.
most prominent.. As stated earlier, these bands could be equiva-'
lent to CPDase; 5t nucleotidase and APase.: In the‘gel'scan of

pcoteins from B19 mediumva large disperse band which ran between

-



. Table 21° .

Effect of'Grbwth'Tempefature on Sensitiyity of M1-
e _ and B19 to Deoxycholate . S

© Strain o : NB ' DboC 30 mg/ml,ﬂ_"

15 |25 130 [ 37 {42 |15 |25 |30 |37

.B19. L B S PO RO R R R R

" - Plates were incubated until the controls had grown, and then
scored for DOC sensitivity. - :



| Table 22

‘Release of RNase by B19 at Different Growth vl‘emberatu‘r'es

~Strain® .} 30 | [ 37°%¢c | 42%

B19 - | e R
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- Fig. 26.

Release of APase From B19

-

" Effect of Divalent Cations

7 APase -
release

0o 5 1 15 2
| o __conc(mM)

‘Cultures were ‘grown ‘in NB at 37~ C w1th the 1ndlcated
concentration of catlon '

( B '% »APase release at various calcium concentra- =
"~ tions; : : ' »
O % APase release at varlous magnesxum concen—

-tratlons )



. Fig. 27;.” _

‘D‘en'sit'omelter' Trace of ~Pr‘6teins ‘Released.
‘by ‘B19 into the Medium, Separated by
"P.A.G.E. and Stained with Coomassie

Blue

=y
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' 'prorein;bands 1o'aﬁd i1 can beiseen. This band did not starn
wirhvcoomassie blﬁe,.so ishnot-protein. This materiallwas not
present in gels of the osmotic shock fluid'of ML, or of the
spent'medinm.from M1 cultnres.- 1£ is probable that this band
contains‘llpid and/or carbohydrate.and representsvsome part of
therouter‘membrane whiohvis_also released into the medium. ilhere
was much less of this non-proteinyband in gelsvof fhe.spentv
med1um of B19. cultures.grown at 30° C, when there were fewer pro-

tein bands present (Fig. 28). Similar whlte dlsperse bands were _

seen in gels of outer membrane preparatlons

Effect-of the.mutatlon on the cell envelope

~oa) Lipopolysaccharide' |

| It is‘probable.thar B19 has.an altered‘Cellvenvelope Which:
would account for the observed phenotypes. h LPS Wasiisolated from
'both B19 and Ml by hot phenol/water extractlon° The isolated\LPS“
samples were hydrolysed and- chromatogramsprepared from them (Flg.
'29); The LPS from both B19 'and Ml contained 51m1lar sugars
bnamely) glucose;'galaotosé and a.trace.of.rhamnose. Glucosamine
was not present, but itvis»unlikely that_gluoosamine;sugar link-
agesiwonld'be hydrolysed by rhis treatmenf;_le and B19 hadAveryb
similar LPSicompositions; Alrhough‘it is possible that there is
a defect 1n the LPS Wthh would only be detected by more detalled
"ana1y51s, 1t seems unllkely that a mutatlon affectlng the LPS,
which does»not slgnlflcantly decrease the number of T4 binding
sites or the amounts of glucose, Qalactose.and rhamnosevin the.
core LPS, would result in the 319 phenotype.

-b) . Quter membrane proteins

Outer membranes were prepared by.isolation of triton XlOO-

“insoluble cell envelope'material from lysozyme sphaeroplasts



'Fig. 28.
Densitometer Trace of Proteins Released by 319 Grown at .

{a) 37°C and (b) 30°C, Separated by P.A.G.E. and Stained
with Coomassie Blue = R -
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‘f(échnaitman, 1970). The proteim patterﬁs.from B19 amd Ml outer
.membranes shomed.seueral difterences (Fig. 30)., Bands 10, 11 and
’13 were greatly reduced in BlQ gels, but bands 9 and 12 were much
--larger.l Band 13 has a M.W. of approx1mately 8, OOO and would be

equlvalent to the small molecular welght llpoproteln of the outer

‘membrane.' Band‘12, however, which has a M.W. of_approximately

10,000 is almost absent inlevgels, but isvpresemt‘in 1arge

amounts - in the 'B19 outer membrane becomlng the maJor proteln of

this’ membrane., The other major outer membrane proteln band 7,

‘with a M.W. of approximately 40, 000 was unaffected by the mutatlon.v‘

Whether the alteration of one protern'in the outer membrane

of'thié mutantdls-responsible for all the phenotypesjdeécrihed,_or
-mhether'there'is,more than one mutation affectimg the-outer mem—
brane is not clear. vaonevmajor proteiu was suhstantiallm‘re#ﬂ
~duced it could affect the regulatlon of the other outer membrane
protelns,'so that they are overproduced to compensate for loss of.
7f;the_original protein,' B

vThe ihérease in bands 9 and 12 mlghtjbe~due:to.overproduction
orvduedto alterationvin the migration of other orotein_bands such

as 10, or 11 and 13.

Genetic Analysis of the B19 MutationiA

a)_ Reyersion_to carental phenotype‘

Mutations affecting_the cell‘envelope of gram negatived
bacteria are often pleiotropic'(Bermsteln;ARolfe & Onodera, 1972).
It is neceseary-to distinguish betweem pleiotropism.and the poss-
ible effects of two or mbre:mutations. All the-RNase 1 leaky
mutants were isolated‘followed NTG mutagenesls;iwhichlcan easily
produce double'mutationé (Guerola, In%faham &:Cerda-Olmedo,.1971).

To check for possible double mutations, Bl9 was reverted to non--

[
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 re1ease of RNase 1 or to DOC resistande, andvthe reversion of
the other phenot?ées'was teetedf |
Eighty percent ofbthe'revertahts‘of 819 ieelated for DOC‘

resistance did not release RNase 1 (Table 23). Similarly 75% of
mutants isolated fof the ﬁoherelease'of RNaee 1'were DOC resis-
tant. If is pfobable that B19. carries a_single mutation; al-
though as NTG was used to reveft‘the'mutatien,:it is possible
bﬁt unlikeiy'that RNase 1 releaee and‘DOC eenéitivity are'due'te
twe mutations in've;y closeiy linked genes; The strains which
had ;everted for only one of the_phenofypes,‘shewed éartial ref
coveryvof the other,' Theee could be the xesult of a mutatioﬁ.in
anether‘pa;t of the saﬁe gene or inva further_geﬁe, which effeets
 the eellsenQeiope.. |

~ One ef.the-revertents, R5, was studied_in detaii. It was as
resistant te DOC as M1 and did not release RNase.i. This rever-
tant also released much less APase than'thevBIQ_paIent.(Teble‘24).
Poiyacrylemide_gel eleetrophoresiS»Qf.the froteinsvreleased from
’ thisbfevertant-into the‘medium (Fig;:31) show.thaf fewer‘pre;'e
teins,’and.very 1ittie oﬁfer membraﬁe material, were xeleased,__
Cleaily although-this mutant released some periplasmic-en;ymes,'v
the reversion affects.the ;elease Qf APase and RNeee 1 and_aléo'
DOC sensitivity,.suggesting thaf‘all three afe the result of a

single mutation.

b) Mapping Qf.the.BiQ mutation_ on the E. coli chromosome'

To identify_the-poeition of the mutant gehe_in_é19 on the.'
E. coli‘chromosome map, an Hfrbwas conétructed from B19.  To do
this an Ffts 1ac was.introduced>into a lac” derivative of Bi9. |
Colonies that fermented 1actoseAwere bicked off.lactoee—EMB

‘plates incubated at 42°%. At this temperature the F'ts lac is



" Reversion df B19 to RNase 1

’_Tabié-23‘"_"

Non-Releasing and to DOC

-No.bof

"Selected - . No, of . No. of Revertants"
Phéndf o Revertants ,Revert%ntsv RNase 1 non
e yP Tested - poct oo
: ' Releasing
RNase 1 non-re- . : S £
lease 15 11 (75%) -
poct 18 - 14 (80%)

11

J
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'v'-Table.éé

Deqxvcholate Sensitivityv and Periplasﬁichnzvme
Release of R5

APase
Release
unit s/ml

" poC

RNase 1 L o
© 30 mg/ml .

Release

wm L o oooes qamy |
Bl ' +++ | 06 (s0m) | -

RS | - | 0.034 (10m) | 4+




. Fig. 31.

Dérisit-o’méter Trace of Proteins ‘Releaséd by (a) B19. .
© and (b) RS, Grown at 37.C: Separated by P.A.G.E.
" and. Stained with Coomassie Blue ' ' - '

migration



. “inactivated unless integrated into the chromosome, .

- The resultant Hfr, B19/14 was crossed with C57B to determine -

'the difection‘of transfer ofithevchromosome;:;‘ i Y. The

F'ts iac‘had integrated at 1actose and:transrerred the:lgg'marker
early.andithe‘hispmarker;late.> Phage fé was used_to counter-'>
select‘against:the Hfr,'tgg being:one of theﬂlast markers to be

:transferred

In the pre11m1nary CIross of B19/14 agalnst C57B the muta-;"
‘tlon 1ead1ng to release of RNase 1 and DOC sens1t1v1ty was 1ntro-‘

duced early in the cross (Table 25) For more accurate pos1t10n4

1ng of the mutatlon ABllS7 ‘was used 1nstead of C57B ABllS7'has
' several markers‘ln the part of thejgenome that 1s transferredtv
first by BL9/14 (Table _2). For the cross AB1157 against B19/14,

~a gradient of transmission was drawn'of the number of'recombin—

".,ants per selected marker, against the dlstance of that marker (1n

minutes) from the orlgln of transfer (Flg. 33) For this Hfr the

. orlgln of transfer wasvtaken'as 9 minutes. The resultS'of‘this

118

¢ross are shown in.TablepZS.‘ The position of the mutation on‘theA S

Chromosome can be estimated from the‘gradient-of'transmission'if
'»the number ‘of recomblnants 1nher1t1ng the mutant phenotypes are
known (de Haan et et al, 1969). The B19 mutatlon termed omd (outer

membrane defect) mapped closely to proA at. approx1mately 6

mlnutes on the E coli K12 chromosome map (Flg. 34). Recombin-“

‘ants selected for RNase 1 release or DOC sensitivity.also were .’
recombinant for the other B19 phenotypes.

Characterisation of the B15 mutation

Bl5 and B20 were very similar in their properties. B15 re-.
leased 1arge amounts of RNase 1 but vefy little APase, and was .

sen51t1ve to GV.and DOC. It was mucoid when grown on NA plates
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Table 25

_ Results of Crosses Bctween 819/14 and C57B and
519/14 and. AB1157 ,

Selected o f" ~ No. of . % Recombinahts
Markers - "Recombinants | Releasing RNase 1

‘B19/14 x C57B

Leu, Tsx ] 1.sx100 | . 94
Leu, Ileu, Tsx. ~ | 1.3 x 10 B 100
Leu, Ileu, Arg, Tsxr. - 6.0x 10 . 1 ‘100

Leu, gleu,"A:g, His, | R "2';'> S :
Tsx - TR . 2,0x 10 : ©. 100

B19/14 x AB1157

Pro, Tsx' | . 2.1 x10 - 82
Pro, Leu, Tsx’ | - 1.2 x 10°. . 100
Pro, Leu, Thr, Tsx' | . 5.0x10 - | = - 100

Pro, Leu, Thr, Arg, ‘ , .
2 o e v S :
.isx_' ‘ S - - . o B,




120

. Fig. 33.

B Gradlent ‘of ’rransm1351on of Selected Markers in a Mating Between
' : : 319/14 and AB1157 '

~ recombinants/ml "

- distance from lac v(mir'is)‘
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Fig. 34.

E. coli Chromosome Map
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(Tableu18). Although isolated for release of RNase 1 at 37 C it
was temperature_sen81t1ve for growthf As stated before thls mu—b
tant was'not sensitive to.penicillin'or novobrocin and did not
differ'from‘the‘parent strainlMl.in phage'sensitiVity;'

?It would seem that there}is an alteration which causes in-
.creased permeability'of.the.outer-membrane'to3GV'and DCC. vHow;
ever‘as these'characters mere'tested atl37°C and‘the mutant'is
unable'to growvat 42°C lit.isipossible that,there'is.a temperaQ-
ture sen81t1ve mutatlon wh1ch is only partly expressed at 37° c,
~‘and which causes the observed phenotypes. At the h1gher .
temperature thermutationvwould be fullp-expreSSed,'cau51ng_cell'
death.. Temperature sensitive'mutants-of E{ coli'havevbeen isofv
' 1ated'whlch are_defective'in protein synthesis but_are‘able_to'
Qrow_when7the osmotic strength of the medium lsdincreased;

These mutants show defects associated.with»an'alteration_of_the
outer membrane (Russell 1971) It is posslble.that‘a similarﬁ

mutatlon is present in B15

Effect of temperature on Bl15

a) - The effect of temperaturelon qrowth-.

' Bl5 grew well-‘at }3o°'c and 37°C, but not at 42%. If the
'medium'was-supplemented:mith~l2.5%{sucrose thenjﬁlslcould'grOW
' at:42°c; Clearly the temperature sensithe-phenotype is osmoti-
cally remedial.(Table 26).‘>B15 Was mucoid when grown on NA.”
, However ‘when grown at 30 C it had the same.colonlal morphology
as Ml | |

When cultures of B15 grow1ng at 30 o} were ralsed to 42 C

the OD of the culture rose rapldly at f1rst but soon began to.
pslow down and eventually fell (Flg. 35) _ The viable count.of

the culture however began to fall soon after the temperature



'fTable 26

o Effect OF Tomporature on Growth of BlS With and Wlth—-
o : out 12.5% Sucrose

L NA - '  o " 'NA '+ 12.5% Sucrose
Strain ' ’ ' ) R

30°¢c | 37% | 42% | 30°% | 37% | 42%

'  515, B B _ o+ . -{ B o+ : + 0+
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. Fig. 35.

Affect of a Temperatur

e Shift on Growth, Viability and ‘Release of

BGSDhase, of Bl15

time (hrs)
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~ Cultures were grown at 30°C in NB supplemented with IPIG and

o .
changed to 42°C at the time indicated by the arrow. .

(a)..

‘the mediumi.
(b)

@ viable count;

_-'A; total GSDase activity; -

BGSDAse‘activity in -

X opticai'density of the culture.
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"';:h'é‘tnge (Fig. 35).

| The'effecf.of the change was’delayéd af higher cell concen-
trationé (kig. 36)5'implying that high cell goncentrations might -
havé‘a stabi1i$ing effect oﬁ thexéﬁlture; When chéngéd fo the
high“temperéturé, cuitures did not juét stop growing; bﬁf died,
It is not-cléar how death.was caﬁéed, whether by'cessatioﬁ of

proteiq.synthesis, or fhrough'1055»ofisome other function.

~ b) Effect of temﬁeraturé oﬁ RNA, DNAvana pfotein synthesiS'v
.Synthesis of these macromolecules by a culture of_BlS waé’

' not affected during the first 90 minutes afférva shift from 3OQC
t§ 42°C’-as_shown by édntinued iﬁcérporafibn_of labe;iéd u;iainé,
thymidine and arginine (Fig. 37). .Thé.éﬁiture'bégan to lose
‘viabilityi30 minutes after thé temperature shiffA(Fig. 35). It:
_ié ﬁn;ikely fhat this mufation affecté.RﬁA,'DNA or protein syn-

thesis,

¢) Effect of temperature on enzyme release and sensitivity to
- Dm'

Whenvgr6Winé atv37OC_or at 429C_ip the presénce of‘i2,5% :
sﬁcrpse,vBls did nof.releasevﬁore APase into thé'mediuﬁ than‘was
. rgieaééd'by thé parent,'but_did'releASe large'émouﬁts_Of‘Rﬁase 1

(iable'27).v No RNASévl was réléased‘wﬁen the §r0wtﬁ fempérafure
was reduéed to 30°C (Table 27). Bl5 was not sénsitive to DOC at -
3O°C,Abut was at 37°C and 42°C. Theré would seem to be a
'temperatu;é sensitive mutation in‘Bls, so,that'at.3ooc it has
the_parént phenot?pe, bﬁt ét 429C haé the fu11 ﬁutanf phenotybeiz
which rééﬁlts-in iethality. At 37°C it has an intermediate
phénotype; it‘becomes_sensitive to DOC, mucoid; releases RNase
1_bﬁt remains viable. RNA; DNA énd.piotein synthesis afe ﬁormai

o A . L :
at 42 °C, so it is probable that the mutation directly affects
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Affect of a temperature shift on B15 at dlfferent cell
concentratlons
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Cultures grown 1n NB at 30 C and shlfted to 42 C at tlmes 1nd1cated
by arrows. : :
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Fig. 37.

- incorporation cpm

10+

10 — N — 10 : —

' R ' 14 L
Incorporatlon of Radloactlve Precursors bv B15 at 42 C into Acid Insoluble Materlal (a) C Arginine,

(b) “H Uridine, (c) “H Thymidine

"o 15 30 45 60 0 15 30 45
| time Gnlns)

Cells grown in NB at 30°C to a cell den51ty of 2 x 108 then shifted to 42 C labelling was performed as described in
the materials and methods. Open symbols - ML, closed symbols - B15, : : '
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- Table 27

RNase 1 Release by B15 at Different Growth Temperatures

Strain.

‘Growth

RNése Rélease_

O

30.C -

o o

37 C .~ 42

C

45

OC'

30°%¢  37% 42%

. 45°

.

B15

++

++

++ . 4+

++ -

“(a) Determined when growing in the presence of 12,5% sucrose, -
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some cell envelope_structure. |

,Thevfate of B—galactosidase was folloWed in 5 growing cul-
_ture of Blﬁ-durlng‘a temperature shlft from 30°C to‘420C. The
| enzyne was releasedaintobthe nedium soon after‘the temperature
shift, at the same timelasithe.enlthre began to-decrease in
-viabllity (Fig. 35). Clearlyvcell‘deathiand lysis occur at the
.saneAtime} Whether -death is the result of lysis or vice'yersa
.is-nOt’apparent.from this experiment} hHOWever_as both B-
‘ galaetqsidase.release and cell death can be prevented by osmoti-
cally stabilising the medium it would seem that cell death is |
eaused_bp lysis._ Several mutants'ef'E. coli’defeetive in pro-
‘te1n synthesis and osmotlcally remedlal have . been descrrbed
‘l(Russell 1972) The conclusion that]this'author reaches is
' that'the temperature sensltive proteins'preAuced hy these-mutants
'may be stablllsed by 1ncrea51ng the osmotic strength of. the me—"
dlum. waever it ﬁould appear that 1ncrea51ng the osmotlc
1‘strength prevents the cells from lys1ng 1n B15 Temperature
sensxlve lyt1c mutants_of E. coli all hav1ng peptldOglycan de- ’
- fects, were descrlbed by Lugtenberg et al (1971) It is probable
_that B15 also has a defect in this polymer.. The muCoid nature ef‘
both this mutant and B20 when grow1ng on NA at 37° C is due to-
overproductlon of colanic acid.: Synthes1s_ef colanic acid, LPS
"O" antigen and peptldoglycan all invblve an isoprenoid carrier
lipid, the amount of wh1ch 11m1ts polymer blosynthesrs (AIChlbald
'1974) If the synthesrs of one of these polymers is stopped,
there would be more carrier,lipid available for synthesis of the
other two:‘pol‘ymers (Sutherland, 1975). E. coli K12 does not pro-
-duce much, if any, "O"_antigen;»so if peptidoglycan synthesis'is'

defective, colanie acid would. be overproduced. A peptidoglycan



defect could alter the outer membranedallowing periplasmic'en-
zyme release and causing the outer membrane to become permeable

to GV and DOC

Release4of periblasnic en2ymes:fr0m B15

vPolyacrylanide gel electrophoresis'of_the'proteinsvreleased
by osmotic shock, and those released into'the‘medium by Bls;.shows
'that onlyuprotein bands 5, 8 and 11 are present“in tne medium; |
| These correspond to 3' nucleotidase, an unknown protein of approx—
imate M. w 40 000, and RNase 1 respectively (Flg. 38). All the.
proteins released by_osmotic shock:from the parent are released
oy osmotic shock from B1l5,: |

It is difficult to explain'theirelease<of>some but'not all
vperiplasmic-proteins_by'this mutant solely on a-siee ‘oasis°
Several'proteins wnioh are smaller'tnan:3' nucleotidase (approx—_:
imatelyléo,OOO M;W.)uare'not_released into the groﬁth.medium;
-lt'is:possible‘that.there is differential localisation of_these
;enzymesﬂin the perinlasm, | |

Other mutants that release RNase‘l”(see'Table 17).

"B18 and B16 released approx1mate1y 10% of their APase 1nto
the.medium during growth. B18 dld not release very much RNase 1
and ‘was not Sensitive to GV or DOC° Vﬁl6vhowever released-larger
amounts of RNase 1 éﬁd was sensitiVevto DOC. B3 had a permeabil-
ity defect shown by sensitivity to:novobiocin and penicillin,.but;
was not sensitive to DOClornle Clearly 1ncreased permeabillty
to GV _and to penlclllln can occur by mutations affectlng differ-
ent parts of the cell envelope. »Ihis mutant did-not'release much
APaserr RNase 1, neitner.was there aAdecrease’in'the cell—bound.
asparaginase Il.‘ Tne nutation hasflittle‘effeot on the release

of periplasmic enzymes. Similarly B6 which was not sensitive to



| Fig,z38L

DénsitométerrTrace of Proteins Ré1eased Durihq Growth of
Bl15, Separated by P.A.G.E. and Stained with Coomassie
Blue ' . : )
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penicillin or novobiocin was éxtremely sensifive to DOC and éV,
but aid ﬁot re1ea§evany APése, and very.little RNése i.

| The mutant C9, whichvféleased.vefy little APase'of ﬁNése 1
-whén'growiﬁg in NB released large‘amoﬁﬁts Qf périplasmic enzymési
vﬁhén:growing in MM.(ﬁig°‘39).. In this mediﬁm it'alSo released: ‘
.nonéprotein méterial similar to that reléaséd by'Bl9 and detected.
~on gels;  Therg céuld.be~a nutiifional requirement which is only
partially satisfied by NB, or an alfexatibn in the outer membrane
caused 5y the physical conditions offMQ media. Further Chaxécter—‘
iSafibﬁka'this phenomenoﬁ and of thé pbssible requirement may_'
.préve uéeful in elubidaﬁiné_the‘associétion.éfﬁpé;iplasmic en-

‘ zyme§ with the céll envelépe, | .

_Although’thé:effect Qf‘the.mutatiphs on‘theFCell enVelopes‘ 
of these strains is not known-there-doé$ nét seem.to‘be.an LPS-
»cére,défect in any of them,u‘ |

'These mutahts, witﬁ the exception of €9, d? nbf :eleasév'
iaiéevquahfitiésidf ﬁéiiplésmi¢ éhzyﬁe'éﬁd'Weré not sfudied fur- |

ther, -



" Fig. 39."

Scan of Proteins Released into Medium by Various Ribonuclease 1
~ Releasing Mutants of E. coli Separated by P.A.G.E. and
Stained with Coomasie Blue .
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a) Localisation’ofvPeriplasmic‘Proteins

'The‘two membranes'of the gram negative celi envelope“provide
a compartment in- the cell which is separate from both. the cyto—.
‘_plasm and the medium. Both the periplasmic enzymes and the peri-
plasmic binding proteins are located in this area.

.If the periplasmic binding proteins‘are‘inyolyed in trans;
pport aCross the_cytopiasmicvmembrane,,it is.reasonable to‘assume
:thatithey_must'beiassociatedeith,”or become associated.mith,'A
.t‘this membrane. ‘However,'such_an’association.has not been demon-

sstrated; ‘Membrane vesicles made by-the'methoo of'Kaback (1971)
vmight be expected to contain perlplasmic binding proteins 1f they
are assoc1ated w1th the cytoplasmic membrane. However_this is
-not the case; Periplasmic eneymes are notbthought-to be”directiyp
involved in transport but w1th modification of substrates so_- |
lthat they can be transported into the cell Evidence‘suggests
that under normal phy51ological conditions, periplasmic enzymes
do not pxotrude 1nto the medlum.‘ Thus substrates must becomef'
.{available'to these enzymespin;the periplasm.‘ Cleariy‘the:ooter_

' membrane is not as strindent‘a permeability'barrier as the»cyto-z
plasmic.membrane. jfhis,isbsnbstantiated_by:the-crypticity-of it'
peripiasmic enzyme activity when measured intWhoie:cells.'

There is'littiebevidence to Suggest association'of peri-
plasmic:enzymes With particuiarbcell.enveiope.strnctures,' Howf .
-.ever'if these enzymes are’free in the periplasm, they could be
released_by_alterino the permeability of the Outer membrane.
EDTA/tris treatment'isAessential for“release of periplasmic en-
zymes by_osmotic shock andbalso for‘thevaImation of sphaeropiaSts_
byvlysozyme. 'fhis.treatment canses the release of Outer‘membrane‘

'structures,”mainly'LPS, with a resulting increase in permeability
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»:of this membrane. HoweVer:treatment of E, c011 w1th EDTA/trls

,‘causes 11tt1e release of perlplasnlc enzymes even though the

'outer membrane becomes more permeable to lysozyme.

_b) d Mutants isolated»for RNase 1 release

The cbaracteristicsﬁof several mutants of E. coli‘ whicht‘.
reiease perlplasmlc eneymes and wh1ch show alterations in een51-
tivity to GV and ‘DOC are reported in thls the81s. One of these,'
'819, releases up‘to SO% of its APase during grthh. This4mutant.
is altered in 1ts outer membrane protelns but does not show an
1nerease in permeablllty to GV, novoblocrn or penlelllln.‘nﬁew
' 50%;°f the APase and most.quthe'other perrplasmlc,protelns,are
;releaseddinto the medium withont a’permeability defect in the_'
6nter:membrane'is net.clear.” It:is pessible that‘the'peri-m
plaSmic enzymes are aesociated'withdthe'outer membrane proteins,:
.and_that;alteratron of thesedproteins‘in»the‘mutant causes the.
reiease'ef'the periplasmic.enzymee. The release of enzymes by
'B19 ie.temperature dependent .w1th a threshold at 30°C. ”This.is
'probably due to an- alteratlon in the phy51ca1 propertles of the
iouter membrane, such‘as a cnange of .state Of‘ltSvllpldS.b It_d
wonldubedinteresting.to examine_the affect of grOth at 30°C on
the bnter membrane proteinsfef:this mutant since this wonld_
establish a‘caUSe and effeet relationsnip between the proteins
.and lipids of the outer membrane. Material shed into the medium
bva19bequld be derived from the onter»membrane. However no pro-
”tein'was;found to be aSsoeiated with'it and no outer membrane
 proteins were present in the medium. . Less of this outer mem-
branous material was released‘at'BOoc, ’Clearly periplasmic_eh-
zymes and.euter membrane material areqweieased simultaneously by

- raising the growth temperature..
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| The'effect of DCC on this‘mutant was surprising. Colonies
grew overnight on plates containing DOC, but dissolved during
the follow1ng day.‘ The relatively high concentration of DOC
ineeded to produce thls effect suggests that the outer membrane
has not become more permeable to ‘DOC but since the coloniesi-
vdlssolve, DOC must pass)the uter membrane. The mutation
affects the outer merbrane proteins'which'might»cause this
.structure'tO'beCOme nore.lipid rich:and thus nore susceptible.to
't.DOC.‘-Howeuer_BIQ—is sensitiVe»to.DOC at all temoeratures
'.tested,_which suggests.thatdthe enzymeorelease-does not‘soleiy
result"from'protein alterationsvin the outer membrane, hut'aISO"
‘from a'temperature~induced change which causesvshedding_of some
Qutervmembranefmaterialt | “

' APase was_reported to:enter intoié-complex and to associate-
iwith LPS in ‘the‘cell‘ “(Lind.s'ay et al, ,1973- ‘Ingram et al, 1973)
l The results obtained ‘with.B19, 'which has normal LPS are in dis—
'_agreement w1th these findings,‘and suggest that ‘at least 50% of
APase 1sunot-LPS associated in E. coli.. Lindsay et al (1973)
:described Simultaneous release of APase and KDO from an LPS-

core deficient mutant of S tvphimurium. They did not‘examine

' »the nature of the LPS shed into the- medlum, nor did they suagest

_ why KDO should be shed from a mutant which is def1c1ent in LPS-

core synthes1s. However only 7% of the total APase was released‘
into the medium by.overnight cultures of this strain;‘ Singh and .
~Reithmeier (1975) studied a similar»LPSbmutant‘in-E, coli,.with
similar results. Howeuer they.interpreted the data in a differ;- o
ent way , and suogested that APase release couid be‘mediated_by
faiterations in‘the'amounts of major polypeptides of the outer

membrane which occur in LPS-core deficient mutants of E. coli



and S, .tvphimurium (Ames et al, 1974; Koplow & Goldflne, 1974).
CPDase and RNase 1 are released in large amounts by LPS core

def1c1ent stra1ns of S. tvphlmurlum.‘ It would seem.that these

enzymes and APase are affected in d1fferent ways'by LPS mutatlons,
. and may e1ther reflect a dlfference.ln the1r assoc1at10ns w1th
the.cell envelope, or d1fferences.1n permeablllty across an outer
membrane with part of’the LPS.molecule removedft CPDase-wasvfound'
in the spent culture fluid of E. coli ML, and hlgher levels were
found in the med1um following growth of ‘most of the E, coll.mu-
tants 1solated for release of RNase.1‘ Similarly CPDase is
'totally released by: polymyx1n B’ treatment of exponentlally grow-
ing E. coli cultures, but only 50% of the RNase 1 APase and
acidiphosphatase-are released (Cerney_&-Ieuber,_197l);

In B15 which releases’largelamounts of»RNase‘1 but no APase,
there 1s a presumed peptldOglycan defect : Alterlng‘thls mole-
‘cule could have an affect on the outer membrane, ‘which 1s‘
anchored to the cell wall" Thls results in an- 1ncrease in’ sen51—
v;t1v1ty to GV and DOC, due to altered permeablllty of the outer
-membrane. In most mutants wh1ch have 1ncreased sens1t1v1ty to
GV and DOC ‘RNase 1 is released which suggests that some
.fractlon of,the RNase 1‘15 e1ther free, and can-diffuse-through
the'defective outervmemhrane 'or is located.superficially in‘the
cell, Slmllarly CPDase is readlly released by treatments or:d'
.mutatlons which alter the outer membrane. Cerney and Teuber's,.
work (1971) with polymyx1n B would 1nd1cate that only half the -
RNase 1 and APase but all the CPDase. are assoc1ated w1th or ree
leased by, removal of the-outer.membrane. |

Clearly a defect invthe permeability‘barrier of the outer

membrane - is not'sufficient_for APase release from the periplasm;



As APase can be released when therells no bermeabllltylbarrler de-i
fect even to DOC or GV, there hust be some klnd Of'associatioh.be-.
tween thls enzyme'and-thé'celiventéiope. It is diffiéuit'ts
imagihe why-;élease of-large'amounts 6f~pe£ip1ashic:proteins can
‘occur from gimatant,hsush as,BiQ, with relativeiy.few otherh |
_associatedvchange55 Tt isvpsssible that the'lamsilae of_the
:'outer.membrane lipid.biiayei'are different‘ Most evidencs |
suggests that LPS faces away from the ce11 'andLit is difficult
to 1maglne why LPS should be p:esent on the insidewqfithe outef‘
membrane.~ Relatlvely_llttle is knowhvabout the dist:ibution of.
.other outer mémhréne_dohponents,'bht if peripiasmic snzymes_éan
pass‘sut;thrsugh thefoutér membrane ﬁith»ho insreasevin ease of .
passagé'bfvmolecules into.the_ceil,.it couidvbe'duevto-an alter-
atioﬁ’of the inher of ths two lamellae of thé»outsr membtahs;
'Howevervthis.phenqménqn could aiso beaexplained'by‘localisationt
‘of periplasmic enzymes at 'd‘j.sc.r.ete“sites’o'.f.‘the'»'celi env‘elop‘ef. .
Such sitesiareuknown to 6céurain the'ehvélope whe:efLPS‘h
addition to the sutet_mehhrahes'takés plaée (Bayér, 1969);  H6w{
evér there is little eQidence for discrete_locaiisation.of peri_f
-hlasmid.enzymes. Ferrltln-antlbody 1abe111ng andAreactlsn pro-
. duct dep051t10n suggest that APase is dlspersed throughout the.'h.
periplasm’ (Costerton et a1 1972) Experlments with E. coli
mutants~having'outer‘membtanes which are more permeable_to anti-
biotics have shown that substantial release ofbpetiplaSmis en-
zymeS»is not found'sxcspt ih deep rough,LPS-cdrs mutantsg tThese‘
_mgtantsbhave decreased amounts-of.outethmehbrahe_prsteins.
(Koplowf&sGsldfihe, 1974; Randail,_1975).
_Ohé.strain of E. coli which éqntains the gégé mutation, is

extremely sensitive to DOC and GV, but does not release

et
(@]



peripiasmic B;léctamase; This;stfain_has deCiééééd amounfé Of,
phosphatidyiélycefolvih i£s outer mehbrane (lef—Watz, Normark &
Blooﬁ; 19735 but.itiwés;not-examined-for the'feieasé of,othér
periﬁlasmic enzymes, Whiievélteration of the iipid composition
doés | not appe'ar té ,ﬁé\Ve much effect on t_he periplasmic_ enzymes,
it does have azéréat effeét-on fhe outer membrane. _Similafly
when supplementing trans ﬁér gi§ unéétﬁiated fétty acidg in a
“fatty<acid auxqtioph bf E; coii a change;iﬁ.permeability was
noted,. A1though peripiasmic enzyme release was not ménitdred,'.
the amount of activity of periﬁlasmic enéymes didinot,abpear to
be significanﬁly décfeaSgdf(Réseﬁ &.Hackette, 1972). So'it_Would
seem thﬁt the oufér membrane proteins.pléy the 1érgest role in -
ﬁainfenénce of'ghzymes ;h the pe;iblasmic space;b

| In the mﬁtaﬁt B19 the£e:are muitipie‘changés‘iﬁ the. outer

membrane proteins; although the‘iargest change is in the small

molecular Weight:pioteins, probably thé-lipdprétein; 'It'wéuld be

~interesting to examine these proteins furtﬁéf,:and td éharéctei—
 ise which ones have décIeaséd ;nd which‘havevincreased.>.Ihe'..
»¢hanges.that were oﬁservéd in.the.Bi9vouter mémbfaﬁe ﬁrdteins
suggéSt,that_the alteratiOn of one.protein.will upset thé
 e§uiIibrium.of thebmembrané and 1ead;fo_6§érproduéfion of othef
proteins to éoﬁpenéate; The reguiation 6f membfane‘proteins and
membrane’synthésis remains aﬁ intfiguing'area for:conjecture,
but ‘if leséening of one préteinvéausés the ihcieése of'ofhefé5
the membiahe proteins must be ghder some kind of féed back.cbn—
trol'mechénism,_.Altefatibns in oufer-membrane proteins haVeAbeen'
déscribeé by othér wérkers (Randall, 1975; Beacham,.persoh;_
coﬁmg)'but 1ift1e fuhction has'Beeﬁ aééribed to these protéins.

- From B19 it w0uld'appear-that‘the 1ip6profein.and other, more
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i@inor,_protéins aie:got‘involved in fhe permeability barrier of
the cell, but alpératibn of'these préteinévdoes éauée_suscepti~'
bility of the cell to DOC. However few other phehbtypic chara-
cters have‘been attributed to this mutation. Only onefenzyme is
:kn0wn to be located in the_éﬁtér meﬁbrane, phospholipase ‘A
(Machtiger & Fox, 1973). _Thi§ enzyme may be involved in altera-

tions to the cell envelope during division or'in Changing'the

lipids of the outer membrane. .It is also necessary for complete

'~ lysis of E,‘coli-celis following T4 infection (Hardaway,-Maten-&

Buller, 1975) and so this enzyme nay have ‘a role analogous'to the

autolytié enzymes that gffect peptidoglycah;
c) Osmotic shéck

When osmotic shock iS-carriedloﬁt'on éells fretreated'with
:EDTA, it causes thé réleasé of periplasmiq-ethﬁéé but,ddesvnot
kill the cells. EDTA treatment could Be substituted byvan,LPS

mutation. - Thus its affect in the osmotic shock process is pre-

sumably‘to_increase the pérmeability of the outer mémbrane. »How;'

ever substituting't:ans for cis unsaturatedbfatty acids in -
.E;'coii; while causing the outer membrane - to becéme peimeabié'to
actinomycin:D and_lySoéyme, cauéeé a decrease in the amount of -

© periplasmic eniymes féleased'by osmotic shoék (Rosen & Hackette,
11972);. Cell death'dﬁring'osmotic shock treatment would result
from rupture of the cytoplasmic membrane. vPeriplasmic enzymé're_
lease however is brought about by disruption of the outer mem-
brane. During'plasmolysis water is lost from the protoplasf'
which shrinks.  If piasmolySed cells are maintaiped in sucrose,
'which penetrafés the protoplast slowly,‘the protoplaét will fe—
géin its normal size due to sucrose-ug%ake. If this is now

transferred to a dilute medium, water will be taken up much
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.;faster than'sucrose can pass out of the‘eeil,.and_so the proto-

'plast will expand repidiy. Sucrose wbuld*pess through an EDTA
V‘treated outer membrane faster‘than'tnreugh a normal outer mem-
brane but theecytoplaSmic membrane'would reméin unchanged by
”EDTA'treatment Thls would allow sucrose to enter the perlplasm
.'3faster, thus the cell would necome plasmolysed more qu1ck1y.-
However the»speed of sucrese entry into the protoplast would.not
'be.inereased.v_Osmotic sheck if earried‘out'nom.mould_meiniy act
against the outer membrane,-and cause release of_periplasmic en-
zymes, | | | |

Increasing tne EDTA coneentratibn‘in osmotic shock.treat-

ment causes.lessbperiplasmic enzyme releese, which might reflect

action against the'cytoplasmic membrane. Similarly substituting

trans for cis unsaturated fatty acids would affect the cyto-'
plasmie membrane as well as the outer membrane, thus-reducing

- the amount of periplasmic enzyme release by osmotic shock.

‘Biological impertance of the periplasm N

tIt-is interesting that strains of E, eoli can iose so'much
of their:periplésmic'enzymes yet-appear to remain fairly?norma1,~
Whieh reises the’qnestion of the:nioiogicalxsignificance.effthe
periplésm}‘ Cleariy it is more efficient for’the bacterium tok:
‘have its "extracellular" enzymes assoc1ated w1tn the cell where
' they can. Be malntalned under condltlons necessary fer optlmal
act1v1ty,»and the products of their actions used exclusively by
the bacterium._ it is to be expected that this facility wonld be
most useful when -the bacterium is growing'in an equeous envirbn-,
ment which is.low in nutrients snd‘metal ions. This may explain
-why'in many‘such envirOnments.the bacterial-flora is represented

entirely by gram negative species (Costerton; pexrsonal
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~commﬁnication). -Several enzymes which afe potenfially harﬁfui to
vthe cell,.such as.nucleases>and'nucleotidases;vére fouhd in the"
periplasm and have cytdplasmic inhibitors. These enzymes may be
.necesséry'for prétecting the cell égainst alien génetié maférial,
',or mayvevenvhaVe a role iﬁ endogenous ﬁetﬁbolism.v Thevéeriplasm
prdvidesva suitable compartment for 1OCa1isation,0f these en- .
'éymes. Simiiarly_B—lactamase.would need td exeit ité'effect‘on
'peniciiiin befdre the antibiotic disrupts peptidoglycan cross-
link formatiqn;‘and‘an.envelopeflocalisatioh would appear to bé
ésséhtial. |
H Périﬁlasmic enzymés are ﬁot substantiAlly feleased simply by
Creatiﬁg a perﬁeability defect in the outéf membréne; Thereforé
_there is prObabiy an association'bétween thé periplasmic'proteins
and‘the-éeil'énvelope. This association.musf be of a 1oose'.
.nature and probably takes the form of hydrogen bondlng._ The‘mosﬁ
llkely outer membrane/bell envelope structures to take part in
this associatlon would be the. outer ﬁehbrane protelns

| Ihe‘rélease'of peripiasmie prqteins‘byjosmofic-shqék and
lysoéyme-éphaé:oplast formatiqn involves disruptioﬁ.of the_éuter“
membrané, "It is most.likély that the épatiai-arraﬁgeméﬁt-éfﬂ'
‘outer mémbrane/bell_envelope structuies is.impo:tant in'mAintain~

ing the periplasmic enzyme association.
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