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ABSTRACT

Different methods were used to produce toxin Z by Pseudomonas
aeruginosa. In the closed non-aerated system, toxins were produced
with or without HEb—Z cells in different compositions of supplemented
MEM medium. All these preparations were confirmed to be aqtigeniqally
the same toxin Z by neutralization With antitoxin Z produced in a
rabbit. The highest éoncentratioﬁ of toxin Z was produced by PA 103 in -
serum—free MEM medium Without HEp-2 cells. In the open aerated system,
 there was an increased production of fluorescin aCcompaﬁied by a
’corresbonding decreaée‘in toxin Z production.

Toxin Z was shown to be different. than Liu‘s;exétoxin A én the
‘basis éf differences in protease susceptibility and heat-inactivatién
in vitro. Immunospecificity studies based on Ouchterloﬁy aéar dif-
fusion-assays.confirﬁed the differences between toxin Z and exotoxin A.

The toxicity and neutralization of tpxiﬁ Z were based on the
qualitative CPE assay witthEp-Z cells and the quantitative EDSO assay

with Clone II cells.

”Fourtéen différent‘Pseudomonés aeruginosa'strains,'inclﬁding
the seven Parke-Dévis’serologically-different strains}‘were typed under
the Fisher schéma prior to determining the immunospecificity of tﬁeir

“toxin Z;’ By means of the-quaiitative'and quantitatiﬁe ﬁeuﬁralization

assays, toxin Z was found to be monospecific.

viii



INTRODUCTION

. Clinical Significance of
Pseudomonas aeruginosa

Pseudomonas aeruginosa are gram-negative, polar monotrichously

flagellated_rods occurring singly, in pairs, or in short chains widely
distributed in nafﬁreo On blood'égar, the organism grows asra.large,
flat éoloﬁy with a ground-glass appearance, and produges a zone.qf

' hemplysiéo The colonies tend torspread and give off a characteristic
grape~like odérn Most strains excrete'pyocyanin and fluorescin, giving
the colony a characteristic blue;greeﬁ color.

Gessard first established Pseudomonas aeruginosa as a human:

pathogen in 1882. The importance of Pseudomonas aeruginosa as a human
pathogen has increased considerably since the introduction of éntif
biotics for treatment of infectious diseases. Due to its antibiotic
resistance this orgénism fends-to proiiferate»in pathogenic pfbcesses
where antibiotic-sensitive bacteria are eliminated, and infections
caused by this organism are difficult to eradicate. Of particular
significance is its increasing incidence in infections of patients
already debilitated by other diseases;' For these reasons it is a
common cause of hospital acquired inféction, especially in bﬁ?n
patients (1). It has Beeﬁ implicated in patients suffering from
leukemia and lymphoma where it may cause septicemia and bacteremia {2)°
Frequently it is found as a pulmonary-complication‘of,cystic,fibrosis
(3)f Chronic lung and heart disease have been shown té'be predisﬁosing
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#onditions that apparent;y increase susceptiﬁility'to iﬁfection with
P. aeruginosa (4).

A The organism also causes problems in wounds{-tracheostomies,
urinary trécts; skin abscesses, post surgicéi endocarditis, chronic
middle earrinféctions, lesions of thé eye and severe.enteritis in
infants tinfant summer diarrhea). P. aeruginosa is a nosocomial
organism which can survive and even multiply in moist'en&irﬁnmenté
with minimal amounts of organié matter. It has been incriminated in
from 5 percent to 15 percent of all hospitél-acquired infecfions (5). -

Pathogenesis of Pseudomonas aeruginosa
: in Infections

At the present ﬁime, little is known about the mechanism by
which this organism exertg its damaging effects on the host. Since>thé
organism is a gram—negative'bacillusé it may be épeculated that the
so-called endotoxin which is possessed by. this typé of bacteria may be
responsible for its pathogenésis. However, it appears that-the intéctr
endotoxin complex of the cells does ﬁot play a parficular important
role in theAdiseage procéss° This is supported By the relative
refractories of normal laboratory animals to injectioﬁs‘of large
numbers of either living §r dead orgaﬁisms.(6, 7). The cause of.
pathogenicity by P. aeruginosa is now attributed largely toAits many
eiotoxins rather than to its endotoxin. Forrexample, protease, leci-
thinase, hemolysin, elastase, pigments, hydrqcyanic acia, pHospho-
lipase, enteré;ogin and. slime hgve beeﬁ,implicated as substances which

may. increase invasiveness of P. aeruginosa in the disease process



(8, 9, 10, 11, 12, 13)0,.These products. do contribu£e'to,the patho-
'genesis of the prgénism but they appear to play a minor role. |
The most widel& recognized work on pseudomonas 1e£hal'toxin has
been done by Liu and hisiassociate56- Liu (in 14)'deS§ribed a héat,'
labile exotoxin which was produced by a-nonproteolytic strain of P.
aeruginosa, PA 103, growing in trypticaﬁe soy broth. This toxin
designated exotoxin A appeared to be a protein with molecular weight

about 5 x 104 daltons. Injection of 5-10 1D_., of exotoxin A by the

50 _
intraberitoneal route into mice caused a rapid reduction of circﬁlating
leukocytes (13). The mice usually died within 264-48 hours, and
promiﬁent.findings at autopsy included nécrosis of the liver, edematous
and hemorrhagic'lungs, and tubular ﬁeéroSis»and hemorrhaggs in the
kidneys (13). Antibody against toxin protected mice against infections
‘with strains of P. aerugiﬁosa Whose_SOmatic‘antigensrwere serologicall&
unrelated to those of PA 103, provided the serotypé of the exotokin Wés
identical (13). i
Recently, Meinke and Bérk (15) isolafed a heat stable, non-
'profeolyfic_toxin produced by‘gf_aeruginosatstrain E2 in a tryptoﬁe_
" glucose mediurln° This téxin was lethal for mice»injected intravenously
vand.intraperitoneally. However, the.investigators reported no gross.or
microscopic pathological changes to internal organs. |
The observation of Ludovici and Christian (16) in 1965 that P.
aeruginosa produced virus-like plaques in cell monolayers led to the

propdsal of another exotoxin, subsequently designated toxin Z.

Coleman, Janssen and Ludovici (17) demonstrated that the addition of
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the.bacterial—frée.filtrate from su;h plaque forming cultureé fo fresh
Hela monolayers produced cell destruction. When calf serum was omitted
from the cell culture medium, bacterial plaques failed to féfm in the
cell.monolayer but a generalized destrﬁction of the éell sheet
occurred. - The-bacterial-free filtraté from sucﬁ cultures also was
_ cytotoxic, but its cytotoxicity could be neutraliied'by the addition
of 10 percent calf serum. On the other hand, thin'producea in the-
presence ofrsefum was not neutralized by the addition of fresh serum
and this toxin was designated toxin Z. Since bacterial plaques were
formed only in the presence of serum, toxin Z was indirectly implicéted
as the causative factor‘responsible for plaques in HeLé monolayers (17).
More recently (18), a positive correlation”wasgdemonstrated between
efficiency of pléque formation and the potency of toxin Z as evaluated
both -in vitro on HEp-2 monolayers and by«intraperitonéal injections in
mice for several strains of P. aeruginosa isolated frqm clinical
sources. However, LD50 deﬁerminations ofﬁthese P. aeruginosa sfrains
in mice showed no significant difference..  This finding was consistent
with the results of.othefs who have unsuccessfully attempted to utilize

mouse LD50 as an index of virulence.

Statement of the Problem

The present.study involved the developﬁent of’methods for large )
batcﬁ production of toxin Z to be used to produce antiserum in rabbits |
and thus permitvthe exéminaiioﬁ o# the question whether different
strains of gf aeruginosa produce_é sinéle or multipleztype—specific;

toxin Z. The work required the development of a quantitative assay for
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measuring the growth inhibition produced by toxin Z on cell cultures as
well as the pércentage prote¢tion of such cultures when specific

antitoxin was used in neutralization tests.



METHODS AND MATERIALS

Tissue Culture Techniques

~Culture Medium

The culture medium»ﬁsed in the studf was Eagle's Minimum
Essential Medium (MEM) supplemented with 10 percent calf serum (CS) and
Wiﬁh 1QO units of peﬁicillin énd 0.1 mg streptomycin per ml. This

medium is hereafter referred to as 'regular growth medium'.

Cell Culture Maintenance

The cell cultﬁres:used in .the study were HEp-2 and.Clone II..
Clone II is a HEp-2 modified established cell line in which a, UV
irradiated Herpes Simplex type 2 thymidine kinase coding gene has been
integrated into the BUDR—FUDR treated HEp-2 cell genome (19).

Cells were stored in vials at -60 C in a Revco freezer and at
-190 C in liquid nitrogen. Vials were quick-thawed at 37 C and cells
: transferred to an 8-oz prescription-bottle. Then, 10 ml éf 'regular
growth medium! was addéd, and the culture incubated at 37.C in station-
ary positione. fRégular growth meaium'-waS'changed every othér day.

| The cultﬁres were routinely subculturgd once or twice weekly.
Ten ml of 0.25 percent trypsin in caicium~and"magnesium~free, phosphate
‘buffered saline.at 37 C was added fof 1 min fo release the cells frpm
: tﬁe glaséf Trypsin was. decanted andiﬁ ml of 'regular groﬁth medium!'

was added after 15 min to disriipt the. released cells,. Subcﬁlture was



completed by addition of 0.5 ml of this suspénsion'plus 9.5 ml of
'regular growth medium' into 8;oz prescriptioﬁ.bottleso |

For toxin and neutralization éssays, disposable plastic culture
tubes were planted with 0.5 ml each of_5 X lO4 cells éuépended in
‘regular growth médium'av,Thé>cell cultures-ﬁere incubated at 37 C for
twenty—foﬁr hours prior to use. HEp-2 cells were used fof qﬁalitative
toxicity and neuf?alizatioﬁ'assays while Clone II cells were used for
quantitative téxicity and neutralization assays. Clone II cells were
used because they dissociéte to éingle cells more reédily than HE#-Z
and therefore permitted more consistent preparation of replicate tubes

for quantitative assays.

-Bacteriological Techniques

Collection and Storage of_Strains

Two strains of P. aeruginosa, PA 103 and PA Z, were used
rouﬁinelyrto produce toxin Z. PA Z was a proteolytic strain isolated
in this laboratory as a pure contaminant of HeLa 33,Aand-traced to a
‘technician whose infant child developed summer diarrhea (20). Strain
PA 103, furnishedrby P. V. Liu, %as modified by repeated growthlin
penicillin and streptomycin medium andvit was used primariiy bebausé
it is nonproteolytic (21).

In addition to PA Z and PA 103;:the f@llowingistrains were used
for the determination of immunospecificity of toxin Z. ‘
| ‘PA E, (22), furniéhed by R. S. Berk (in 22), was originally :

used by these investigators to produce a nonproteolytic toxin on

tryptose-glucose agar. PA E2 was isolated from a patient.
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Of 342 cultures of P. aeruginosa isolated from clinical cases:
by M. W. Fisher (in 23), 95 percent could be,piaéed in seven immuno-
logical groéps° The seven Parke—DaviSwsﬁrains-(PA 3198, PAv3201,

PA 3202, PA 3203} PA 3200, PA 3223, and PA 3224) rep?ésented ﬁembers)bf
each 6f the seven serological groups and were kindly supplied by C. G.
Druby of Séhering Co:'rpora.tiono ' | |

Several other str;ins wefe obtained from frozen stocklcultures
of strains isolated by this laboratory from clinical caseso"They
included PA 408, PA 1381, PA 029, and PA 321-10 (18).

Cultures of P. aeruginosa were streaked onto nutrien? agar
slants (Difco). Since the production of toxin Z required the inocu-
lation of a known small‘number of organis@s,'the foliowing method was
employed. Twenty-five ml of MEM was inoculétéd from the nutrient agar
slanfs and incubated at 37.C for 6-8 hours. This suspension was
Vtranéferred to 12 x 75 bléstic tubes in 0.5 ml portions. These stock
cultures were maintained in the frozen state, two tubes were quickly
thawed, dilﬁted, and plated in dupliéate on nutrient agar to detefmine

the average number of organisms per ml of frozen stock.

Serotypiné

| The P. aeruginosa strains were typed according to the schema of
Fisher (in 23), who differentiated these organismé at the subspecieé
level on the basis of their protective antigens. This procedure con-
sistéd_of inoculation of freshly'pourédMneller—Hinnmlagar plates(Difcq
Detroit, Mich.) and incubation for no more than 16-18 hours at 30.C.

The resulting growth waé removed and éuspended in 0.5 ml of 0.85 percent
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NaCl tq'achiev¢~a dense, homogeﬁous suspension; Nine individual drops
of the suspension were placed on a glass slide, and one drop of ea;h
antiéera prepared lvnyvC° G. Druby in -rabbits immunized with the seven
Parke-Davis serologically-differént étrains was added to the'éeven.
dropsa ?hysiological saline and normal rabbit‘serum, which contains no
'antibody to Pseudomonas,-was added to the two remaining drops as con-
trols. The tests were then mixed with toothpicks, rocked gently for at

least 1 min, and observed for macroscopic clumping.

Toxin Production

Closed Non-aerated System - : » .

Toxin Z Produced in 'Regular Grqwth,Medium' with HEp-2 Cells.

After the formation of a complete HEp-2 cell monolayer in 8-Qz'glass
prescription bottles (Brockway), the ‘regular growth medium' was poured
off and the cells were washed with 10 ml pf 1X calciumfmagnesium—freé,
phosphate buffered saline (CMF-PBS). One-tenth ml of bacterial sus-
.pension (containing 100-200 organisms) was then added and allowed to
" incubate for one hour at 37 C to permit adsorption of the bacteria.
Ten ml of 'regular growth medium' was thén added and the bottles
‘returned to 37 C incubator. Incubation was stopped at 16-24 hours when-
plaques; which weré’belieQed to be caused by toxin Z, appeared in the
monolayer. The bottles were then'placed-in-a freezer>(0 c) ﬁntil later
harvesting. |

| Sixteen and 32-o0z glass préscription bottles were also used for

large batches with a corresponding increase in the bacterial inoculum.
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Toxin Z-1 Produced in .Serum-free Medium without HEp-2 Cells,

For serum-free toxin productioh, 'regular growth medium' without calf

serum and HEp-2 was inoculated With.different stréins of P. aeruginosa‘
(about one million o;ganisms-in'eachlbottle),_incubated at 37 C for i
to 2 weeks,.and.then‘placed in a freezer (0 C) for later harvesting.
For small batches, the toxin was produced in capped, stationary, 16;oz
prescription bottles Qith 25 ml of media in each bottle. For lérge
batches, 32—oz.prescription bottles were used with. 50 ml of media in
each bottleo This toxin was designated toxin Z-ls In one exéerimenf‘

toxin Z-1 was harvested daily and tested qualitatively.for CPE. .

Toxin Z-2 Produced in Serum-free Medium without HEp-2 Cells and

Sodium Bicarbonate. The same procedure was followed as for the pre;

viously described toxin Z-1 éroduction° 'Regular growth medium' with-
out either calf serum or sodium 5icarbonate was used; the pH was main-
tained at 7 with 1N sodium hydroxide. This toxin was designated'toiin
2-2,

-Toxin Z-3 Produced in Used 'Regular Growth Medium' without

HEp-2 Cells. The same procedure was followed as for.the previously
described toxin Z-1 .production exceﬁt 'regular growth medium' pre- -
viously used to:grow HEp-2 was employed and designated as used. This
foxin_waS'designated toxin Z-3.

Toxin Z-4 Produced in Serum-free Medium with HEp-2 Cells. The

same procedure was followed as for the previously ‘described toxin Z
production. In this case, 'regular growth medium' without calf serum

was used. Plaques were not observed in the absence of calf serum.
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These cultures were allowed.to incubate at 37 C for 22-24 hours. At
_ this péinﬁ'the cell culture medium was mildly turbid, aqd the mono-
layers shéwed 50 to 75 percent destruction. The bottles were placed in
a ffeezer:(o C) for later'hafvesting; This toxin was designated toxin -

Z-4,

Open Aerated>System

Toxin Z-1 Produced in Serum-free Medium without HEp-2 Cells and

Sodium Bicarbonate in an Aerated System. The open system was designed

to prepare large batches of toxin in one container instead of separate
bot£1es° The toxin was. produced in 2-liter Spinnerlcultures in 5-liter
Erylenmeyer flasks with cotton plugéor Abqut five ﬁillibn“ofganisms
Wefe inoculated into each flask. A iérge magnet bar wastplaced in the
flask and agitation was achieved byAplacing the flask on a Bellco
Bell-stir magnetic stirrer. The pH was adjusted daily with 1N sodium
hydroxide to maintain the pH at 7, and the toxin was hafvested after an

incubation period of seven days at 37 C.

Toxin Z-5 Produced in 'Serum-free Enriched Medium' without

HEp-2 Cells and Sodium BicarEonate inlan Aerated Systemob The same
procedure was followed as for the.previously described toxin Z;Z pré-
duction in the open aeréted system. The 'serum-free enriched medium!’
was iX MEM contained fourfold Céncentration,of amino acids, phosphate,
and glutamine. The medium was used in an attempt to pré&ucera stronger‘
toxin. The pH was adjusted daily with 1N sodium hydroxide to maintain
the pH-at 7. In some batches phénoi red was not added to the medium in

order to detect fluorescin production by P. aeruginosa. In one batch
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sodium bicarbonate instead of sodiﬁm hydroxide was added to the medium

in order to compare the difference in fluorescin production.

Toxin Harvest

-

After:thawing the crude ‘toxins and removing the bacterial cells
by centrifuging at 12,100 xg in a Sorvall Superspeed RC 2-B automatic
refrigerated centrifuge with a type 8S8-34 head at 4C for 30 min, the
toxin-containing supernatant fluids were filtered twice through 0.2 um
Gelman membrane filters contained in Swinex units (Millipore)c- In
" early work the crude toxin was roﬁtinely heated in a 70 C water bath
for 1 hour to inactivate any protease. The harvested toxin wasvthen
assayed for protease activity by adding 0.5 ml of the toxin to 0.5 ml
of skim ﬁilk. Any toxin that showed proteaee activity, as indicated
by ciearing of the milk, was discarded. In later studies toxins were
not heat—inactivated; and when proteaee ectivity was present itlwas

neutralized by the addition of calf serum (10 percent).

Toxin Assays

Qualitetive CPE

| Plaetic culture tubes ﬁere each planted with 5 x 104 HEp—ZA
cells in 0.5 ml of 'reguler growth medium'. After 24 hours, the medium
was poured off, and the tubes were each inoculated Withei ml of s£erile
sample. _The toxin was serially diluted twofold in 'regular growth
medium' (undilute, 1:2, 1:4, 1:8, 1:16, end 1:32). Cell destruction
was observed mieroscopicaliy (Leiss inverted 5X) by rounding or.flat-

tening of cells.regardless of whether the cells were released from the -
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plagtig surface of the tube; CPE was measﬁrgd as 0, 1, 2, 3, 4+, mean-
ing O,-25, 50, 75, and lOb percent of thé'Cell monolayer affected,
respe_ctivelys Thé:titer of the toxin isfdefined as the reciprocal of
the highést dilution causing 2+ (SOvbercéﬁt) CPE in HEp-2 cultures in
48 hourse. For controls, tﬁe spécific culture medium used in producing

the different toxins was also assayed for toxicitye.

Quantitative Assay

The toxicity of some crudé toxins was assayed quéﬁtitatively by
measuring the growth-inhibition of Clone II using a modifiéation of the
Oyama'and,ﬁagle method (24, 25). Plastic culture tubes were eachr
inoculated with 5 x 104 Clone II cells in Oc5 ml of 'regular growth
mediuﬁ‘ and incubéted 24 hours at 37 C. The medium was poured off, and
the tubes were each inoculated with 1 ml of sterile sample.in dﬁplicate,
The toxin was serially diluted twofold in 'regular growth medium'. Two
sets of toxin-free control tubes were used to establish O percent and
100 percent growth of Clone IIicells° The number of tubés included in
each of these tw§ sets of controls was the square root of theinumber of
materials tested. After the initial 24-hour incubation period, the
tubes used for O percent growth were rinsed twice with normal saline
before adding 5 ml of Lowry ;lkaline copper reagent and storing at & C.
The remaipiﬁg_tﬁbe cultures were incubated at 37 C for 24 hours and
then assayed qualitatively and quantitatively for toxicity. For the
qualitative a3say,‘the tubes were examined microscopically for CPE; and
‘then for the-quantitative assay, the same .tubes were rinsed twice with

saline and Lowry alkaline copper reagent was added. Then all tubes,
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including. the 0 percent growth conﬁrols5 were placed in.a 56 C water
bath for 5 min, mixed thoroughly on a Vortex mixer, and -1l ml of dis-
tilled water and 0.5 ml of préperly'diiuted‘Phenol Reagent‘(Fisher)
vaddedo. Then all the tubes were mixed thoroughly on the Vortex mixer.
After 30 miﬁ,rthe samples were read against-a disfilleduwater reagent
blénk in a Spec£ronic 20 spéctrophotometer (Bausch and Lomb) atf66O nm.
Dose-response cuiveS»Were blotted on two by one cycle logarithmi; paper
with dilution in decimal form versus optical density (OD). The,ﬁoint’
at which the 1ipear dose-response curve crossed‘thé 50 perﬁent érowtﬁ_

line was taken as the 50 percent effective dose (EDSO)n

Immunization

Antitoxin Z‘was prepared in a r;bbit by five weekly inocula-=
tions of toxin Z produced by PA 103 grown on HEp-2 monolayers ‘with 10
percéﬁt rabbit serum'replacingAfhe 10 percent calf serum in 'regular
growth medium'. The toxin was. homogenized with an equal amount of
Freund's incomplete adjuvant prior to injectipna The first injection
Waé equally divided between intramusculariy, intraperitoneally, and
foot pad administration. Subsequent weekly injections were intré-
muscularly. ~ Five daysrafter~thé final injection the rabbit was bled by

cardiac puncture and the blood processed. for serum.
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Neutralization Assays -

Antitoxin Z Versus Z, Z-1, Z-2, Z-3,
and Z-4 Types of Toxin from PA 103 or
Z-1 Type Toxin from Different PA Strains

Qualitative Neutralizétion° The CPE titers were experimentally
deterﬁined for each test toxin, énd 2 ml of eaéh toxin at the 50 per-
cent CPE end-point was mixed with 0.2 ml of uqdilute aﬁtito#in Zo
After incubation at 37 C for 1 hour, lvmi of the mixture was added to
a HEp-2 tube in duﬁlicate and examined for inhibition of CPE for 48
hours. To#in controls had normal rabbit seruﬁ.insteadsof antiserum.

All samples were tested in duplicate.

Quantitative Neutralization. The EDSOPdilﬁtions were experi-
mentally determined for.each test toxin, and 2 ml of each toxin at the
ED50 %as mixed with 0.2 ml of uﬁdilute,antitoxiﬁ Z. After incubation
at 37 C for 1 hour, 1 ml of the mixturé was added to a Clone II tube in
duplicate. Then the same procedure was followed as previously
described for the quantitative assay. Toxin controls had normél rabbit
serum.instead of antiserum° All samples were tested in duplicate.
Percentége‘protection was calcuiatéd according to the formula-

Average OD (sgmple).-
Average 0D (0% growth.control)

Average OD (100% growth control) -
Average 0D (0% growth control)

- X 100%.

Percentage protection =

.ImmunodifoSion Test
The immunodiffusion*tests were performed by the Ouchterlony
technique (26) with antitoxin Z at 1:4 dilution placed in the center

. well versus toxin Z (PA 103) at various dilutions, ranging 1:8 to 1:128.
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Toxin Z-1 from different strains of P. aeruginosa and Liu's exotoxin A
were also used to react with antitoxin Z, and antiexotoxin A tested

against exotoxin. A and toXin_Z (Pa 103).



RESULTS

I
Toxin Assays

Specific CPE Induced by Toxins Produced
in the Closed Non-aerated  System

After- different toxins (toxin Z, Z-1, Z-2, Z-3, and Z-4) were
separated from the organisms, they‘céused a generaiized CPE when puf on
‘HEp-2 monolayegs° The CPE beéan with the shrivelling of the cells at
the periphery of the monolayer, fdlléwed by the appearance of random
patchés of round cells throughout the monolayer. Sémetimes these’
patches of rognd cells formed a plaque in the center, which gradually
enlarged, sﬁrrounded by a ring of round cells, ‘Detaéﬁment of cells
occurred readily. Thé generalized specific CPE characteristic of toxin
Z is illustrated in Fig. 1 while a normal non-toxin treated control
preparation is illustrated in Fig. 2.

Fluorescin CPE Induced by Toxins Produced
in the .Open Aerated System

Fluoregcin CPE was encountered from the toxinélproduced in the
open aerated system. The cells‘became flattened, gfanﬁlar, vacuolated,
spindle—shgped and figed to thg glass rather fhan roundiﬁg ﬁpiand
detéching from the tube wall; Such fixed cells lacked mitotic figures.
‘This fluorescin CPE is illustréted in Fig. 39 The normal non-toxin

treated control in this experiment is illustrated in Fig. 4.
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Fig. 1. Specific CPE of Toxin Z on HEp-2 Cells (70X)

Fig. 2. Normal HEp-2 Cells
in Non-toxin Treated Control (70X)



Fig, 3. Fluorescin CPE on HEp-2 Cells Detected
in Toxin Z Prepared by the Open Aerated System (70X)

Fig. 4. Normal HEp-2 Cells
in Non-toxin Treated Control (70X)
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Quantitative Aésay fér Cytotoxicity
The cytoto#icity.of the togins cquld be Quantitatively meésuréd
bj;a‘ﬁodifitation of Oyama and Eagle method. Clone II cells were used
Vbeéausthhef more readily dissociate-intb éingle cells than HEp-Z-andV
so permitted mére consistent preparationvof thé'reblicate tubes required
for the quantitative assay. Fig. 5 illuétrates a tYﬁical.example of a
dose-response curve obtained for toxin 49 (Table 8, p.'32). High toxin
conceﬁtratiéns éometimes caused detachmenf of cells during.the incuba-
tion éeriod of the aséay, and these cells were lost with saline washes.

The EDSO obtained from the curve in this example was 0.255.

Toxin-Z Production

Toxin Z Titér witH'Differen£ Coﬁpositions of Medium

Table 1 shows the différent compositions of medium used to
produce toxine Diffefent medium compositions were studied .in an
attempt to‘producé a potent crude toxin. Obviously a simplifiéd medium
without ser;m‘would yield aAmore purifiéd’cfude toxin. Toxin Z and
toxin Z-4 Were‘proauced in the presence of HEp-2, however, calf serum
was absent in toxin medium Z-4. Toxin Z-1, Z-2 and Z-3 were produced
" without HEp-2 cells. Hdwever,‘toxin medium-Z-3 consisted of calf serum
and the products. of HEp-2 cglls° Toxin medium Z-1 was found superiof
to toxin Z-2 because the presence of sodium bicarbonate in Z-2 main-
‘tained a pH of 7 while the pH of toxin:medium Z-2 had to.be adjusted
- daily with sodiuﬁ hydroxide. This probably accounts for the twofold
incréaée in.CPE(titer of Z-1 toxin. Thé high CPE titer of toxin Z-5

“was due to'nonQSpecific cytotoxicity by fluorescin as illustrated in



Fig. 5. Dose-response Curve of a Typical Toxin Z

Toxin 49 (Toxin Z-1, PA 103, Table 8), the toxin was serially
diluted in regular medium and 1 ml of each dilution was added to 24
hour Clone II tube cultures in duplicate. After 24 hours at 37 C, the
cell protein in the tubes was measured by a modification of Oyama-and
Eagle method. Dilution of toxin was plotted against OD at 660 nm.
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Table 1. Toxin Z Titer with Different Compositions of Medium either
with or without HEp-2 Cells

Toxin Medium ComE931t10ns

_ , Calf | . CPE"
Toxin - " HEp-2 g Sgrum HC1 NaHCOS- MEM Titer.
Z + + + + + A
zZ-1 - - + . +: + 8
Z-2 - = - - + 4
Z—Bb - + + + + 4
Z-4 + - + + + 4

z-5¢ - - - - + 16

Titer is the reciprocal of the highest dllutlon cau51ng 2+ -
(50 percent) CPE on HEp~2 at 48 hr. The average of duplicate tubes of
HEp-2. ' :

‘ bTox1n Z-3 was produced in used 'regular growth medium?',
prev1ously used to grow HEp-2.

T0X1n 7Z-5 was produced in 'serum-free enriched medigm' con-
. sisted of 1X MEM, 4X amino acids, 4X phosphate, and 4X»g1utar'ni_ne°
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Fig. 3 and will be discuésed later (TabléYS)o Therefore, Z-1, Z-2,
Z-3, Z-4, and then Z would be the ofder of medium preference for toxin
prodﬁction, assuming that all preparations coﬁtained the same~toxine
Antitoxin Z Versus Toxin Z, Zz-1, Z2-2,
Z-3, and Z-4 (PA 103) as Measured
Qualitatively C

Table 2 is a summaryVof the qualitative'neutrglization assay°
Antitoxin Z’neutralized toxin Z, Z-1, Z-2, Z-3, and Z-4 (PA 103) to.an
approximate-eqﬁal deérée indicating that PA 103 produced the same anti-
genid type of tﬁxin Z in the different medid. Therefore, toxin Z could
be produced without calf serum and HEp-2 pérmitting the use of a com-
pletely defined medium for its production.
Antitoxin Z Versus Toxin Z, Zfl, Z-2,
Z-3, and Z-4 (PA 103) as Measured
Quantitatively

In order to confirm the findings of thg qualitative neutraliza-
‘tion assa&, thé quantitative neutralization assay was i)erfformed° These
experiments also included therneutralization‘of‘the non heat-
inactivated portions of the same toxins to dete:ﬁine whether aﬁtitoxin
Z (made with heat-inactivated toxin) could neutralize toxins which were
not heat-inactivated. Table 3 illustrates the\results_of'thése
studies. The toxin control at ED50 toxin dilutiop showéd variations
from an absolute 50.0 percent (the values showed a rénge from 48.9°
percent to 58.9 percent), These variations could be caﬁsed by two

50

1:3 was used instead of 1:3.28. Secondly, variations could be caused

factors. .The exact toxin dilution at ED., was not used, for example,
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" Table 2. Monospecificity of Toxin Z, Z-1, Z-2, 2—3, and Z-4 as
Measured by the Qualitative CPE Neutralization Method

‘ . : Toxin

Sample N/ z-1  zZ-2 Z-3 Z~4
Toxin Plus R c :
Supplemented MEM 3+ 3+ 3+ 3+ 3+
Toxin Plus N
Antitoxin Z _ 0 0 0 -0 . 0

_ Toxin Plus
Nofmaé Rabbit :
Serum ) 2+ 2+ 2+ 2+ 2+
to 3+ to 3+

aThe average of duplicate tubes of.HEp-Ze.

_ bToxiﬁ was diluted with sﬁpplémentéd MEM to give the CPE titer
listed in Table 1. The total volume of each sample was 1 ml.

“cpE was.measured as 0, 1, 2, 3, 4+, meaning 0, 25, 50, 75, and
100 percent of the cell monolayer affected, respectively.

dOal ml of antitoxin Z was added to each:sample,

€0.1 ml of normal rabbit serum was added to each sample.



Table 3. Monospec1f1c1ty of Toxin.Z, Z-1, Z-2, Z-3, and Z-4 as Measured by the guantltatlve
ED Neutrallzatlon Method Expressed in Terms of Percentage Protectlon

50
Toxin
Z Z-1 - Z-2 . Z-3 Z-4
Non-~ ~ Non- o Non- - Non- - ‘Non-

Sample Heat  heat Heat heat Heat Theat Heat heat Heat  heat
Toxin Plus b . v o
Supplemented MEM - 58.6 ° 48.9  56.6 55.5 58.9 55.4 55.7 55.0 55.1 55.4
Toxin Plus ‘ ~
Antitoxin ZC 100 100 100 100 - 100 100 100 -~ 100 - 100 100

'Toxin Plus g : o . .
Normal Rabbit Serum 66.5 66.4 69.4 66,3 68.5 67.2  63.3 67.5 66.8 62.3

aThe‘éverage oflddplicate tubes of Clome II. Quantitative EDSO neutralization was
measured by percentage protection by the formula h I

Average OD (sample) - Average OD (0% control) , xleO%
Average OD (100% control) - Average OD (0% control) :

Percentage protection =

bTox1n was diluted w1th supplemented MEM to give the dllutlon at ED50 as listed in
Table 4. The final volume of each sample was 1 ml.

‘cOel ml of ahtitoxin Z was added to each sample.

dO.,l ml of normal rabbit serum was added to each sample.

G¢
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by experiméntallerrorso. quever,4the data clearly iﬁdicate that aﬁﬁi-'
_toxin Z éffered the.cells 100 percent protection from ali five toxins,
either heat-inactivated or non heat-inactivated.. It showed that heat-
inactivation did not,significént¥y aiﬁer fhe antigenic structure of the-
toxins. It also showed that ﬁormalIrabbiffserum.had-a slight pro-
tective effect. The'quantitative neutralization assay—confirmed the
previous quélitative-finding that toxin Z,'Z-lé 2-2, Z-3, and Z-4
(PA 103) were the same antigenically.

A comparison of the dualitative CPE titer Witﬁ the related

‘quantitative ED., titer (Table 4) indicates that the quantitative

50
method of measuring growth inhibition is more sensitive than the
qualitative CPE methods. The CPE titers were about twofold lower than
the ‘corresponding ED50 values.

Factors Which Influence Toxin Z-1
Production in Closed Non-aerated System

Period of Incubation

. In toxin Z-1 (PA 103) production, turbidity usuvally appeared on
the second day of incubation and remained at approximately the same
level after the third day. The titer of the toxin, hoﬁever, increased
With the length of the incubation pé;iod‘until it reached a maximum on
the sixth day (Table 5). An incubation period of .seven days was chosen
assuming that the titer was at its maximum on the seventh day and would:

increase neo further.
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Table %4.- Comparison of the Qualitative CPE Titer and the Quantitative EDSO of Toxin
Z, Z-1, Z-2, Z-3, and Z-4
Toxin
z z-1 - Z-2 z-3 Z-4
Non- Non- Non-‘ Non- Non-

Sample Heat heat Heat heat Heat  heat Heat heat Heat Theat
CPE Titer a
at 24 hour 2 2 2 4 2 4 2 2 2 2
Toxin Dilution " ' ’ )
at ED ’ 30 6 4 8 4 8 4 8 4. 8

_LaTiter is the reciprocal of the highest.dilﬁtion’causing 2+ (50%) CPE on
Clone II. The average of duplicate tubes of Clone II.

bThe reciprocal of the estimated toxin dilution at the point the linear dose-~
response curve crossed the 50% growth line. :

Le
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TableASQ, Toxin Z-1 Titer over a Seven-day Incubation Period?

Day . 1 2 3 4 5 6 7

Titer 2 4 4 4 8 T

#PA 103 in 2-1 medium (Table 1). .

bTiter is the reciprocal of the highest dilution causing 2+
(50%) CPE on HEp-2 at 48 hr. '

Heat-inactivation

Toxin Z was reported to be heat stable,~withstaﬁding 70 C for
one hoﬁr with 1little loss in CPE activity. 'Thatitoxih Z is heat staBlé
is a major difference between foxin‘z andeiu's exotoxiﬁ A wﬁich is-
considered heat labile. FIn this study, it was found that toxin Z,
Z-1, Z2-2, Z-3, and Z-4 decreased in titer fwofold'after heat-
inactivation, as illustrated in Table 6. The same type of CPE was
observed in both heat;inactivated téxins and non heat-inactivated
toxins. Howevér{‘in a sepérate study (27, Liu's exotoxin A lost all
of its CPE éctivity after heatiné at 70 C for one hour. Thus, as far
as in vitro effects toxin Z appears to be aifferent from exotoxin A.

In in vivo studies (27) heat-inactivated toxin Z did not pro-
duée lethality in mice while - the non heat—inactivéted»toxin did produég
lethality. Therefore, it is possible that toxin Z is made up of a heat’
stable compéneﬁt and a heéﬁ labile component. 'The latter being réspon—'

sible for the toxin's lethal effect in mice.: For these reasons, the
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Effect of Heat-inactivation on Toxinéa
Titer before Titer after
Toxin Heat-inactivation -Heat-inactivation
z 4P 2
- Z=1 16 . &
Z-2 8 4
Z-3 8 4
Z-4 8 4

average of duplicate tubes of HEp-2.

(50%) on HEp=2 at 48 hr.

Tox1ns were heat-inactivated at 70 C for one hour0 ‘The

bTiter is the reciprocal of the highest dilution causing 2+
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 toxins produced at the late étages of .this study were not subjected to

heat.

Effect of Protease on Tbxin Z Pfoducfion
Another means bf‘differentiating toxin Z from Liu's exotoxin A
is based on' the trypsiﬁ susceptibility of exotoxin A. This is the
reason Liu used the PA 103 strain to-produce exotoxin A-because it is
a nonproteolytic strain. Table 7 illustrates that toxin Z is not
- susceptible to protease since the titer of toxin Zvincreased fourfold
from day 1 to 5 at the séme time ﬁroteaée increésed twentyfold. Most
strains of P. aeruginosa are proteolytic strains. In the present study
with thé'exception of PA 103 strain'ogtainedrfroﬁ Liu and PA 3203, all

the other strains were proteolytic.

The Open Aerated System

EIn,an'atteﬁpt to ﬁroduce lérgei'batches of toxin, the toxin was
produced in 2-liter spinner cultures in~5-liter Erylenmeyer‘flaéks
with cotton plugs. Because the Erylénmeyer flask was equipped with a
cottoﬁ plug, sodium bicarbonate Was.ﬁot used sinceAit would easily
escape and elevate the pH.. Sodium hydroxide was used to-adjust.the pH,
daily. Because the firstvbatch;,toxin 31 (toxin Z-1, PA 103, Table 8)
yielded a low titer (1:4), 'serum-free enriched medium’.ﬁas-used to
produce ﬁoxin 32 (toxin Z-5, Table 8) in an attempt to produce a toxin
with higher potency. The titer of toxin 32 was 16. However, the
increased concentratioﬁ 6f‘toxicity was due to a nonspecific CPE caused

by the ‘complicating pigment fluorescin (Fig. 3). .Toxin 38B; 398, 40B,
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Table 7. 1Increase in Toxin Z and Protease Titer with Time (Toxin z-1,

PA 408)°
Day ' : CPE Titer | . ~ Protease Titer
1 o 2P - 3¢
3 : 4 _ 40
5 - 8 60
-7 , ' 8 , 80

%pA 408 strain grown in Z-1 medium.-

bTiter is the reciprocal of the highest dilution causing 2+
(50%) CPE on HEp-2 at 48 hr. Protease activity neutralized by the
addition of 10 percent calf serum.

“Protease titer is the reciprocal of the highest dilution
hydrolysing skim milk.



Table 8. The List of Toxins Produced During the Period of This Research

Period of Heat- i
. g Toxin - P. aeruginosa Incubation Inactivation CPE ;
Toxin No. Class . Strain - (days) (70 ¢, 1 hr) Titer Aeration
18 73 PA 103 7 + g% -
19 z-3 PA 103" 7 + 2 -
20 ©z-3  PA 103 7 + 4 -
21 z PA Z 1 + 2 -
23 z-3  ° PA 103 10 + 4 -
28 z-3  PA 103 15 + 8 . -
264 z-4 PA 103 10 + 8 -
27 - 2-3 -~ PA 103 10 + 8 -
28 z-1 PA 103 15 + 8. -
29 z-1 PA 103 15 * 8 -
30 z-1 PA 103 15 - 8 -
31 zZ-2 PA 103 11 + 4 ¥
32 z-5 PA 103 14 4 16 .
38° 22 PA Z 7 . 8 +
39° z-2 PA Z 7 - 8 .
40° 7-2 PA 103 7 . N
41 z-1 PA 103 7 + 8 +
45 z-l PA 103 7 - 16 -

€



Table 8e—Continuéd :

47zl PA 103 7 | - 16 -

48 z-1 ~ PA 103 7 - T -
49 z-1 PA 103 7 S 16 -
50 z-1 PA 103 7 . 16 - -
51 z-1 PA 103 g - 16 -
52 z-1 " PA 103 7 | - 16 -

®Piter is the rec1procal of the highest d11ut10n giving 2+ (50%) CPE at 48
on HEp-2.

: bNo phenol red in medium; strong fluorescin productlon was manlfested in
toxin 38B, 39B 40B, and to .a less extent in 41B.

NaHCO3 instead of NaOH was used in 41B.

hr
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and QiB (Table-S) were produced withvnorphenol red in the medium in an
attempt to detect thé formaﬁion of’yellow-green fluorescin, In.thése
expefiments fluorescin production Wés manifested as‘early as the second
day of the incubation period, and increased in concentration in direct
Vprqportion to.an iﬁcfeéselin bactérial celi'numbers as a,result‘of the
aerated-cultqre system. Sodium bicarbonate instead of sodium hydroxidé
was used in toxin 41B, and it hot oﬁly maintained ﬁhe pH near 7 but
-reduéed the amount of fluorescin produced. The overall data, however,
indicated that the open aerated system could not bé used for toxin
production because it was complicated by fluorescin productibn at the

expense of toxin Z.

Developmeﬁt of Methods for Toxin Z Prédﬁction
. Large batches of toxin (more than 200 ml in one batch) were
each given a number and are listed in Table 8. This represents-an
éssbrtment of the different toxins produced during the period of this
study. Although several methods could be used to broduce toxin Z, it
is obvious that toxin Z-1 in the closed non-aerated system yielded the
highest titer and is the most economical and reliable method available

to date.

- Immunodiffusion Assay

Antitoxin Z was diluted at 1:4 in the center well vefsus toxin
Z (PA 103) at various dilutions, ranging from 1:8 to 1:128. Three -
lines of precipitate were clearly observed at all dilutions indicating

there were at least three antibody-antigen reactions present. ' The
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result suggested that the crude t§xin uséd to immunize the rabbit con-
tainéd other bacterial proteins besides toxin:Z°

Similarly in immunodiffusion assays with antitoxin Z against
various toxin Z-l>froq different P. aeruginosa strains, an‘extremely
diffused band was»obser?edvindicating.a weak antibody-antigen reaction. -
Thus, future antiserum must be made with purified toxin before immuno-
diffusion assays will have any vélidity in—stuaying the serological
specificity of toxin Z preﬁaration?

In the immunodiffusion éssay of antitoxin Z against Liu's
exotoxin A, there was no:reaction° However, in the cross matching
immunodiffusion assay, a single precipitin 1ine was formed between
antiexotoxin A and exotoxin A, but there was no reaction between
antiexotoxin A and toxin Zo These results indicaﬁed that-toxin Z and

exotoxin A were antigenically different. .

Serotyping of Strains

Table 9 shows the result of serotyping thé_g. aeruginosa

strains used in this study using the schema of Fisher. 'Immunqtyping of -
strains of Pseudomon@é by thg agglutination reaction was simple,‘rapidg
and reproducible. -The’control Parke-Davis strains when mixed with

their homologous type-specific antisgra showed obvious maeréscopic
clumping, but there was no reaction when mixed with heterologous anti-

" sera. The P. aeruginosa strains from our laboratory were typed agcord-
ing to their agglutination with type-specific antisera and assigned the

corresponding immﬁnotype, This sefotyping-was done prior to studying
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Table 9. Fisher Immunotypes of E} aeruginosa Strains

PA . ,
Strain ‘3198 3200 3201 3202 3203'3223 3224 E, 408 103 1381 z 029 321-10

"Fisher
Immuno-

type L 2 3 4 5 -6 7 2 .35 2. 5 4 2

thevimmunospeéificity of toxin Z from these same serologically-

different P. aeruginosa strains.

Immunospecificity of Toxin Z from
Different Strains of Pseudomonas aeruginosa

‘Qualitative Neutralization Assay

Toxin Z-1 from'different straiﬁs of P. aeruginosa was titeféd
on HEp—Z»and the qualitative neﬁtralization_assay of these toxins with
antitoxin.Z is illustrated in Table 10°i.It is clear froﬁ the data that
antitoxin Z neutralized toxin Z-1 produced by all the P. aeruginosa
strains used in this‘study to approximately the same degree. The fact
that antitoxin Z neutralized togin Z;l of the seven Parke-Davis
éerploéically-different strains (PA 3198, PA 3200, PA 3201, PA 3202,
PA 3203, PA 3223, and PA 3224) as well as that of seven other strains
suggests ‘that the';oxinS»prodpced by all these sirains are anti--
genicaily the same. .The data also show that normal rabbit serum
offered a slight.partial'protective effect ﬁut this ﬁas clearly not

equivalent to the antitoxin Z effect (Table 10).



Table 10. Qualltatlve Neutralization of Toxin Z Produced by 14 Different Strains of
' P. aeruginosa w1th Antitoxin. Z :

PA Strain 3198 3201 3202' 3203 3200 3223 3224 103 Z E 1381 029 321-10 408

2
Fisher ‘ : . - - o
Immunotype 1 3 4 5 2 "6 7 -5 5 2 2 4 2 3
Toxin Plus
Supglemented . : ‘
MEM~ - ’ 3+ 34 3+ 3+ 3+ 3+ 3+ 3+ 3+ 2+ 4+ 3+ 3+ 2+
Toxin Plus q : ' _ . :
Antitoxin Z 2 0 0 0 0 0 0 0o 0 0 0 0 0 0.
Toxin Piﬁs‘ )
Normal Rabbit : . ' _
Serum : A 2+ 2+ 3+ 2+ 2+ 2+ 2+ 2+ 2+ 1+ 3+ 2+ 2+ . 2+

®The average of'duﬁlicate HEp-2 tubes expressed as CPE.

¢

bTox1n was dlluted with supplemented MEM to give 2+ CPE at 48 hr on HEp-2. The
total volume of each sample was 1 ml. '

» “CPE was measured as O 1, 2 3, b+, meanlng 0, 25, 50, 75, and 100 percent of the
.cell monolayer affected, respectlvelya‘ . . .

O 1 ml of antitoxin Z (PA 103) was added to each sample,

®0.1 ml of normal :abblt serum was added to each sample.

LE
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Quantitative Neutralization Assay

:'QuantitativeVneutralization experimenté were done to confirm
the findings observed with the qualitative assays.: Tabie 11 shows_fhel
data of_the quantitative neutralization assays. it is obvious that
ahtitoxin Z offered 100 percent protection to Clone II cell growth when
it was added to the toxins. Thus, confirming the-finding tﬁat
éerélogicélly—different straiﬁs of P. aerugiﬁosa produce the same anti-
genic fype:of toxin Z. Again normal rébbit sérumvhad a partial pro-
tective effect which was clearly distinguishable from the antitoxin Z

effect.’



Table 11. Quantltatlve Neutralization of Toxin Z Produced by 14 Different Strains of P. aeruglnosa.

with Antitoxin Z Expressed in Terms of Percentage Protection®

PA Strain 3198 3201 3202 -3203 3200 3223 3224 103 Z E2 1381 029  321-10 408
Fisher
Immunotype 1 3 4 5 2 6 7 5 5 2 2 4 C 2 .3
Toxin Plus
‘Supglemented _ - : : _ .
* MEM : 59,5 55.3 62.0 52.1 51.1 48,2 '4909 52,2 56.3 53.4 50.2 53.2 52.2 48.0

Toxin Plus

Antitoxin z°© 160 100 100 100 | 100 100 100 100 100 100 100 100 100 100 -

Toxin Plus
Normaé Rabblt

Serum 63.2 68.6 65.7 62.7 64.6 65.8 63.7 70.2 59.8 63.6 72.0 68.9 64.5 62,0

#The average of duplicate Clone II tubes°

Percentage protection = Average OD (sample) - Average OD (0% control)

Average OD (100% control) - Average 0D (0% control)

x 100%

bTox1n was diluted with supplemented MEM to give the ED:, (the estimated toxin dilution at
- the point the linear dose-= “response curve crossed the 50 percent’growth line). The final volume of’
each sample was 1 ml.

°0.1 ml of antitoxin Z (PA 103) was added to each sample.

dOol~m1 of normal rabbit serum was added to each sambleo

6¢



DISCUSSION

Toxin Z was originally detected during thevgrowth,of P.
aeruginosa Z strain in HEp;Z or HeLa cell cultures in which the
organism pfbduéed virus-like pléques in the presencé of serum'(17,'.20)n
Recently, this laboratory (25) reported the production of toxin Z by
PA 103 in used 'régular growth medium'. One of the objects éf the
present research was to find the most efficient way to produce crudé
toxin Z with high potency for the purpoée of purification and immuniza-
tion. Since used 'regular growth medium' could be.ﬁsed to produce the.
toxin, several other media with or without HEp-2 cells or calf serum -
(Table 1) were studied and found to bg suitable for - toxin production.
Toxin Z, Z-1, Z-2, Z-3, and Z-4 were found to be the same antigenically
using qualitative an& quantitative néutrélization assays with antitoxin
Z.  Since toxin Z-1 had the highest titer and since it did not require
the pfesence of HEp-2 cells or calf-éefum, thﬁs greatly reducing the
extraneous protein content; it ﬁas the foxin medium of choice. More-
over, pH was maintained consistehtly around 7 by the Bicarbonate buffer
system present in MEM and this was considered ‘the optimal. pH for toxin
production.

An attempt to use an open aerated éystém for the production of
1arge»batch§s of toxin Z led to-honspetific toxicity due to the pro-
ductién of 1arge'amounts éf fluorescin. This was especially true when
'serumffreé:enriched médium"containing>fourfold concentrations of
amino acids, phosphate, and glﬁtémine ﬁere used because the iﬁcreése in

40
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~phosphate'andvnitrggen concentration_increaSedvbacterial growth with a
correspohding iquéééé i£ fluorescin and é-reduction in toxiﬁ 7 (toxin
32, Table 8).
- Toxin Z-1 (PA 103) prepared in a closed non-aerated system was
‘the best procédurevto produce the‘.toxin° The titer was consistentlyr
16 for the last seven batches of toxin z-1 (PA 103) prepéred (Table 8).
This method allowed the productioﬁ.of toxin Z on é relatively large
scéleg'

Toxin Z is probably an exotoxin whicﬁ is produced by P.
aeruginosa in a medium containing only simple identifiable compounds.
The toxicity appeared early in the bacterial culture before cell lysis
would be expected, and'was found in the filtrate after the bacterial
cells were removed.

Toxin 2 was previously reported to be relatively heat stable
(17, 20). The fact that it is heat stable is a major difference
between toxin Z and Liu's exotoxin A which ié considered heat labile
(13, 14). 1In the present étudy,_thé titér of toxin Z decreased in
vitro about twofold after heat-inactivation (70 C, 1 hour)a In a
' separate study (27) Liu's exotoxin A lost 100 percent of its CPE
activity after similar heat—inactivétione 'Thérefore, it would apbear._
‘that at least in vitro: toxin Z is different than Liu's exptoxin A. In
vivo, hbwe?er,rthé pictﬁre is sfill not clear since in recent experiQ
ments (27), it was observed that heat-inactivation caused toxin Z to
‘lose its virulence forlmice° For tﬁese reasons, the toxins produced at

the late stages of this study were not heat-inactivated (Table 8).
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Oné;advantége of heat-inactiVatioﬁ is that it deStfoys any 
protease that might be present. Tﬁe_fact thaf the majority of P.
aefﬂginosa-strains used inAthis study wére foﬁhd*tﬁ be proteolytic made
héat—inactivation a very useful tool in.inactivafing proteése-without
any damage to the ih,vitro activity of toxin Z. .However, ip'thgllétér
stages of the study, since heat-inactivation was not dqﬁe,’proteaSé
activity was neutralized by the.additién of 10 pefcent calf serum prior
to=testing_for toxin on HEp-2 cells.

The fact that serum neutralizes protéasé rules out the possi-

bility that proteases play a significant role in. the pathogenicify of AR

P. aeruginosa. However, the fact that toxin Z is not inactivated. by
protease (Table 7) or éérum suggests the possibilify that it may play a
role in the pathogenicity.of Efvaeruginosao Most strains of P.
aeruginosa are proteolytic strainsvand therefore the compiicating
factor of pro£ease formation must be considered. -Conversely, the few
nonproteolytic strains like PA 103 can produce toxin Z without the
vfofmation of protease. This is(thevreason Liu used the PA 103 strain
to produce'exoﬁoxin A because it is a nonproteolytic strain and
exotoxin A is.inactivated by prétease or trypsip, Therefore, the
non-susceptibility of toxin Z to protease illustrated in Table 7 is
furiher in‘vitro evidenée thaf toXin'Z ié differenf than éxotoxin A,

The toxicity assays of toxin Z have been based on the qualita-
_tive.cyfopathogenic.assayu The correlation of the>various conditions
of CPE as well as céllldetachment has been 1arge1yla subjective

process. In order to obtain a more objective measurement, a
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quantitatiVe_cell culture assay was desirable. The quantitative assay,
which measured the growth-inhibition of Cldne-II cellé, provided a
rapid detection and titration of‘toxic material; in the quantitative -
assay, Clone.II cells have an obvious advantage over HEp-2 cells ,
ﬁecause Clone II cells are able fo dissociate more readiiy into indi-
vidual cells and thus permit better standardization of cell preparation
yielding more consistent data. This method permitted the performance

f
of a 1arge_numbgr of. assays more rapidly, economically,vand with
' greater ‘sensitivity, than by the'use‘of animals.. . Furthermore, this
éuantitative assay comparéd favorably with the qualitative assay (Table
4}, glthough the cytopathic effect characterized by cell roundiﬁg was
often less intense than the corresponding growth-inhibition. The
quantitative method was mére objective and precisé, allowed the
detection of Clone II gréwth—inhibitibn,»and required only 48 hours
from initiatioﬁ of cultures to £heir fixation with Lowry reagent.
Antitoxin Z wasfé¥oduced against toxin Z formed by. PA 103 grown
in HEp-2 cells with rabbit serume in both qualitative and quantitative
neutralization asséys, antitoxin Z neutralized toxin Z-1 produced. by .
serologically—different strains of P. aeruginosa under.the Fisher
schema; this indicates that all these strains Qf_P_u aeruginosa produce
the same antigenic type of toxin Z. The quéntitative assay proved to
be a very useful tool in confirming the immunospecifity of toxin Z
BeCause-the Ouchterlony immunodiffusion technique could not be applied

as antitoxin Z was produced against a crude toxin and at least three

precipitin lines were observed in the preliminary assay.  However, the
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Ouchterlony assay was effective in differentiating Liu's exotoxin A
from toxin Z‘since in cross matching;vLiu's'eﬁotoxin Avdnly réacted to
antiexotoxin-A and.toxin A only,reactéd.to antitoxin Z.
Further work, including the concentration and purificaﬁion of
this toxin, as well as in vivo experiments with iaboratory animals, is

expected to eventually yield information on the role of toxin Z in

pathogenesis of P. aeruginosa infections.



SUMMARY

» The ﬁethod of preparing toxin Z iﬁ a closed non—aerated system
yielded the highest concentration of toxin and therefore was conéidé?ed
the most economical technique. - Such toxin was prqduced without HEp-2
ceils,and calf serum, thus, greétly reducing the extraneous protein .
content. This method allowed the production'of toxin Zgon a relé-
tively large scale which is es%éntial for future'wérk on concentration
énd pufificaf_ibn°

Toxin Z was shown to be different than Liu's exotoxin A on the
basis of differences in protease susgéptibility and heat-inactivation
in vitro. 'Fﬁrfher evidence that toxin Z differs from exotoxin A was
shown by Ouchterlony agar immunodiffusion assays in which .antitoxin A
reacted with éxotoxin A but not with toxin Z while antitoxin Z reacted
with toxin Z but not with exotoxin A.

By using qﬁélitative-and quantitative neutralization assays,
toxin Z was found to be monospecific suggesting that different strains
of P, aeruginosa produce the same antigenic type of toxin Z.

The in vitro methods developed in this research brovide addi-
tiénal approaches to the study of P. aeruginésa aisease processes. The
qualitative and quantitative assays cén be adapted.fo therstudy of
other toxins elaborated By g. aerugiﬁoSa which mayrbe involved in the
pathogenesis-of infections. Sﬁch toxins can be assayed in vitfo for
CPE and quantitat;vely for growth—inhibition. The specificity of these

.reactioﬁs can be determined by neutralization tests using hbmologous

45
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and‘Heterologous antiéerao Such studies using in,vitro models Wiil be
conéidéfably more ecopomical in time and mone& tﬁan similar éfforts in
vivbo‘_

"The role of toxin.Z in pathogenesis-is still unknown. However,
the fact that. toxin Z is ﬁot inéctivated by protease and:serum suggests
the possibility that it may play a role in the pathogenicity of P. -

aeruginosa.
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