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SUMMARY
A protease from P. aeruginosa having lethal and dermonecrotic
properties, was capable of hydrolyzing native collagen, was purified
1,568-fold with a recovery of 24% by use of chemical and chroma*ographlx
technlcs. The enzyme preparatlon appeared to be homogeneous when sub-
jected to chromatographic, electrophoretic, ultracentrlfugatlonal, and

amino aclid analyses. A standard state sedimentation coeFF|c1ent of

2,10 S was calculated and further analyses lndncated that the enzyme had

a nolecular weight of l7 500 and dimerizes under cartaln condltlons to
yleld an apparent molecular weight of 3h 000.: In addition to natlve
collagen, the enzyme catalyzed the hydrolysls of congocoll, azocoll
soluble collagen:and caselin, but did not attadk orceln-elastin, azoal-
bumin, p-toluene sulfonyl-L-arginine methyl ester, benzoylfL-tyroslne
ethyl ester, and_the hexapeptlde-N-Cbz-glycyl-L-prolyl*glycyl-glutyl-L-
prolyl-L=alanire. Enzymatlc actlvlty agalnst c0ngocoll was slx?fold
greater at pH 7.5 in Tris-HC! ;han ln bhosphate buffer at the same lonic
strength. Cobalt, and to a lesser extent, zinc fons appeared to actlvate
the enzyme, especlallf in phosphate buffer. Sodlum cyanide and PCMB d1d
not appreciably Inhiblt enzyme activity, while ammonium sulfate, EDTA
and cystinc displayed a significant lnnlbltorv effect under certain
conditlons, A |

Several new areas of #n vivo Investigatlon using 1lve cells of P,
aerugincea have been initiated. Preliminary studies Indlcate that mice

'recelvlng subcutaneous Injections of the organism exhiblt systemic
Infections after several days, Therprlmary target organs appear to be
the kidneys and lungs, with some pathology noted In other organs as

well, Administration of dead cells produced black necrotic leélons similar




" in appearance td:ecthyma gangrenosum, Organisms administered into the

lungS»appeared-to be rapidly cleared by the mice ;nd death did not ensue
unless the anlmal was previously debilitated byiyarious chemical and

physlcal.treatments. However, pér=oral administration o live organisms
into the stomach resulted in an LD:Q of Szx 106.organisms. Other preli-
minary results with rabb’ts indicate that viable P.- aeruginosa cells can
induce disseminated jhtravaséulaf coagulation'{D!C), while dead cells or

thelr endotoxin dld_ﬁot.
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S RESULTS

‘ Purification and characterization of a P. aeruginosa protease
exhioiting collagenase activity were initiated. Values for a typical
purificationAare summarized in Table 1. For convenience, all fractions

“were monitored for enzyme activity by use of the congocoll assay during
the purification procedure. A 1568~fold Increase in specific activity
with a 24% recovery was obtained, The purified enzyme obtained from
-the'post-sephadex G-150 column was difficult to characterize due to its

‘labllity. The enzyme could not be stored in the refrigerator for pro-

longed perlods without substantlial loss in activity. In addition,
'yophilization, or freezing of freshly purified preparations at -60°,
resulted In an almost total loss of activity. '

This final fractlon demonstrated a single band when electrophoresed
f. g; on 5DS-polyacrylamide gels. However, electrophoresis in Tris-glycine

:z: buffer, pH 8, according to .he method of Davis, resulted !n one malor

| and one minor band. Both bands were capable of congocol! hydrolysis and

_% when the area of the major band was cut from an unstained gel, macerated in

§> buffer, and the éluttng matertal reelectrophbresed. both the major and
minor bands were again detected,
SDS Acrylemide Gel Electrophoresis. Mobilities of the standard proteins
and of Pseudomonae collagenase were determined and a semilogarithmic plot |
;% of these values Indicate a molecular welght for Pgeudomonae collagenase of
| 34,000 + 2,000 Daltons, '
Mo!ccular Hulgh: Determination by Sephadex G-150. The void vo!ume of the
column (Vo) wes determined by blue dextran to be 140 m!, Thc column bed
wms'Bs cm high and 2.5 cm In diarsier which correspone to a total volume

(Vt) of 1,688 ml, A semi-logsrithmlic plot of K.v agatnst the !ogéftthm of -




alim

molecular weight for each standard was determined. The Kav calculated
for Peeudomonae collagenase corresponded to a molecular weight of 17,500
+ 500 Daltons.

Ultracentrifugation. The ultracentrifugation patterns of purified colla-

genase indicated a single, homogenous peak without shoulders. From the

data, a value for the time rate of change of the logarithm of the
-4

boundary position of 1,527 x 10 ' was calculated, resulting in an observed
sedimentation coefficlent of 2.35 x 10-‘3.

A partial spéctftc voluﬁe of 20° of 0.749 was assumed for this
protein, which resulted in a standard state sedimentation coefficient
(SZO,W) of 2.10 S.

Amino Acld Analyses. The results of amino acid analyses are summarized

n Table 2, which shows the average of values from analyses at 22 and 118

hr of hydrolysis. Data for serine, threonine, and phenylalanine were

extrapolated to zero time. Amide nitrogen and tryptophan were not deter-

; mined, The number of residues Is based upon one cystelne per molecule.

This corresponds to & mintmum molecular welight of-s.sop. If two cysteine
residues per molecule sre assumed, & molecular wﬁlght of 18,900 results.
VSubstra:eVSgectflcltx. The relative éegrﬁes of'hydr01ysts'of several
-éohmon substrates are péesentsd in Table 3. fhe reaction temperatp}e'and ;
tfme of Incubation vary amoﬁg the assay'svstems according to the established
convention for each substrato. For comparatlve purposes. untts of ‘
enzymntlc act!v!ty are expressod tn the manner employed by the ortginatorq |

of each assay.

| " The results of th@ v!scomatr!c assay of tropocollagen hydro!ysis by
c!ostrtdta! and Baeudaunnaa coll-g-nase were compared. Both recctlon

mixturas ‘contained !00 ug of enzyme protaln uhlch rcsultcd ln values of
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152.8 units/mg for Peeudomonas collagenase and 276 units/mg for clostri-
dial collagenase when calculated by the method of Seifter and Gallop.

Inhibitor-Activator Studies. The efferts of potential inhibitors and

activators of Pseudomonas collagenase are presented in Table 4. After
exposing the purified enzyme to the various compounds at 25° for 1 hr,
the mixtures were assayed by congocol!l hydrolysis in both Tris-HC! and
phosphate buffers. The final concentration of these compounds in the

hM. The values listed are the percent

reaction mixture was 5 x 10
activity of enzyme solutions calculated after subtracting the absorbance

of control blanks containing no enzyme.
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Table 2
AMINO ACID ANALYSIS QOF PURIFIED COLLAGENASE

22 hr Hydrolysis

AMINO ACID CORRECTED CORRECTED RESIDUES CORRECTED
MICROGRAMS  MICROMCLES RESIDUES

Aspartic acid  7.100 0.0563 n.7 12
Threonine 2.676 v. 0242 5.0 . 5
Serine a6 002 6.9 7
Glutamic acid 4,197  0.0297 6.2 6
Prottne 2011 0.0%9 3.9 4
Glycine 3 000 ~ Mo M

CMantne 2785 0.3 7.4 8
Cvaline 2,50 ooz 48 5

 cystetne 0587 0008 1.0
Methontne . 126 000 L6

O lsolecte 1220 007 . 22

Clwctne 208 oo 34
CTyrestme 4R 00267 86
Shemlalaniie 258 0.018 33

tystee 2.4 006 A7
CMistigine 14090 0.00¢ . L9
 Argintne 3212 o.M | 39

R R R T R O )




Table 3
SUBSTRATE SPECIFICITY OF pSEUDOMONAS COLLAGENASE

Substrate* Temperature (°C}  Time (min) Activity

Congocol} 37 15 . 7,000 units/mg
Azure Hide Powder 37 15 1,630 units/mg
Azocoll : | k7 i | 15 720 units/mg
Azoalbumin ow w0
COrcetnElastn 3% 10
Native Collagen 20 1080 31 umoles leu/rg

 dewwpeptite . . ¥ 0 0
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Table 4

EFFECT OF VARIOUS COMPOUNDS ON THE HYDROLYSIS OF
CONGOCOLL BY PURIFIED PSEUDOMONAS CCLLAGENASE

Compound* Activity Remaining Activity Remaining
Phosphate Buffer Tris-HC) Buffer

EDTA 27%

Cystine |

NaCN

PCMB

MgClo

Callp

FeCly

MnC1, _

CoCly 1502 10
mel, | N7y 100

*Final concentration in the reaction mixture was 5 x 1074 M,
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The following ix vive studies are currently being completed. Per-

oral administration of P. aeruginosa into the stomach of female Swiss-

- E' Webster mice resulted in an LDSO value of 4.5 x 106. Mice which had been

ore-treated with 2.5 mg of elipten phosphate {inhibitor cof steroid

g
)
e 1 v ot Lot A A P A S
) ! " S
AU i PR T .

E: synthesis) were not pre~disposecd to infection. Consequently, the LD50
' values for urtreated and elipten phosphate-treated mice were the same.

Histopathology studies using sub-lethal doses of 8 x 10h to § x YOS viable
cells showed mo signed of necrosis within the stomach and iptestina! tract

over a2 15 day holding period. Heowever, acute congestion of the pulmonary

tissues were observed. Most animals had venous congest’« but focal areas

of a chronic interstitial pneumcnia was also present. Animals receiving

ietha! infective doses showed much more pathological severity than those

receiving sub-tethal doses. however, no lesions were detected in the

gastro-intestinal tract; however, the lungs exhibited mild to moderate

hemorrhage with additional edema. The gross inflammatory process was of

mixed infiltrates and the consolidation was consistent of bronchial

pneumonia.

Herorrhace was generally seen throughout the lungs with the

~apillaries markedly distended with ervthrocytes, although the alveolar

sacs were free of erythrocytes. Renal histopathology was apparent and

indicated the presence of acute tubular necrosis. The glomeruli were

diffusely Involved in prol ferative changes probably mesangial, but possibly

endotielial in nature. In many cases, Bowsman's space was obliterated and

ithe parieta! epithelium appeared hyperplastic. The renal blood vessels
~were §imllar to the lung pathology, in that & mononuclear infiltration

.,

accumulated which cbliterated some of the small vessels. In some cases,

vasculifis~albng with focal necrosis in the vessel walls was seen.
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The administration of Pseudemonas aeruginose ATCC 19660 ser-crally
into the lungs of Swiss-Webster female mice in concentrations as hich as
2.75 x 109 did not result in an LDSO. Ever the pretreatment of these
animals with Elipten phosphate (2.5 mg/animal) did not lower their
resistance to pu'monary infection. The lungs of these animals were
involved in an interstitia! pneumonia. Those animals receiving lower
doses of P. aeruginosa (107) had foci of pneuronitis with hyperemia
causing congestior of the lungs. HKigher contcentrations of cells produced
an expected, more severe pneumonitis. The bronchi of these animals were
congested causing atelactisis. There was much interstitial hemorrhage
throughout the lungs as well as marked venous congestion. Tbe inflammation
was patchy with mixed cellular infiltrates. One animal showed we!l-dé}ined
nodular abscesses composed of primarily monocytes with PMN’s along thg
periphery. The central core of thege abscesses were of the>ﬁemofrhagé
coagulative, neé?otic type with numerous bunches of bacteria. There was
early fibrosis around the abscesses. The bacterium were numerous through?
out the lung - intraalveolar, parenchymal, intrabronchial, periBronchial,j
and perivascular. The histopathologic picture seen in the liver appeared
toxic in nature. No cellular infiltrates were present at all concen-
trations of inoculum and no bacterium were visible either. The liver had
a moderate venous congestion but in some cases the parenchyma appeared
anemic with hepatocytes undergoing necrobiosis. The lobular architecture
was disturbed but the sinusoids seemed spared of any toxic degeneration.
Toxlc changes were also present in the kidneys of these animals. Agaln, as
in the liver no bacteria were detectable in the kidneys. There was some

narrowing of the cortex and a degenerative pattern was also seen with

tox1¢c nephrons and also many hypercellular glomeruli were present. No

Lacaniriad

e
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significant Inflltrates were present in any of the animals and some
venous congestior: was found in animsis receiving high doses of organisme
(2.75 x 109). The cloudy swelling seen within the kidneys cou™+ possibly
be due to to.ic products elicited by the organism resulting from - septi-
cemiar, No impressive pathology was found in the large intestines, the
spleen, or adrenal glands which were within normal limits. The group of

mice which were pretreated with el ipten phosphate had no pathologic

changes identifiable only in this group. Thus, no significant Jifference

could be seen between the normal animals and the pretreated animals

receiving the per-oral administratjons of P. aeruginosa into their lungs.
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SUMMARY CF PATHOLOGY OBTAINED BY
t.V., 1.P. AND S.C. INFECTIONS

1. 1.V. Injections

With dilutions above the LDSO of 108, death usually occurred within
24 hr. The mice just before death showed ruffled fur, and their eyes
usually became encrusted. Upon autopsy, the lungs were very hemorrhagic
and the liver appeared anemic. Microscopically, liver hepztocytes showed
widespread degeneration and a great deal of interstitial hemnrrhage was
found in the lungs,

In animals which survived longer than 24 hr, the formation pf white
focal abscesses were observed in both tr> lungs and liver. The kidneys
showed petechial hemorrhage with the formation of a few localized
abscesses. Also after 48 hr, the spleen was slightly enlarged.

Histopathologically, typical interstitial pneumonia was found in the
lungs with a few focal abscesses found in the periphery. The lungs
showed a great deal of interst?tia!.hemorrhage with a mixed cellular
infiltration made up mainly of monoﬁuclear cells. The liver maintained
its basic archltecture, but widespread degeneration of hepatocytes was
noted along with central venous congestion and some thrombosis. The
1lver also typically contalned a few classical bacterial abscesses walled
off by flbroblasts. Both polynuclear cells and mononuclear cells were
present. In the kidneys the normal number of glomerull were usually
present, but they were hypercellular with a mixed inflltrate. Interstitial
hemorrhage was present in both the cortical and medullary areas. The

tubules appeared dllated and septic thrombi were present in the tubules

and velns,

2. 1.P. Inlections

The pathology was the same as for . Injections, except both the

D e g
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large ahd small intestines showed severe hemorrhagc, and a lot of fluid
was present in the peritoneum. Microscopically the intestines showed a
great deal of lymphoid development. Also the tips at the pili were
necresed.

3. Subcutaneous and/or Intradermal inoculationg.

'n the Ist 24 hr the mice showed a great deal of swelling at the
site of inoculation giving a humped back aopearance, with ruffled fur.
Also, their eyes tended to become encrusted. Animals which died in the
first 24-48 hr showed very 1ittle gross pathology, outside of very
hemorrhagic lungs and hemorrhagic spots on the liver. Tha hietonathology
appeared the same as the !.V. inoculated mice which died in the First 24 hr.

8

Animals inoculated with dilutious at or near the LD.. of 10 cells,

50
and survived, developed large hemorrhagic, necrotic, purulent lesioné.
Upon autopsy, both the liver and lungs of these animals were hemorrhagic
and contained many large white necrotic foci. The kidneys showed
petechial hemorrhage and occasionally renal abscesses were noted. The
spleens of these animals were always enlarged to about three times their
norma’ size (splenomegaly), Viable organisms were cultured from the
liver, lungs, peritoneum and skin.

Microscopically, frank, widespread Interstitial pneumonia with walled
off focal abscesses, located in the perlfery, were found in the Tung.
Atelectasls was prominent with a great deal of hemorrhage and a mixed
cellular Infiltrate. In the 1lver, ballooning degeneration of hepatocytes
was evident along with the development of many large focal abséesses.

Coagulative necrosls with fibroblast activity and deposition was seen in

these abscesses. A mixed cel! inflltrate was glso present.

Later in the course of Infection, frank Inter;t!tta! nephritis

developed In the kldneys with early ascending abscesses. The greatly
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enlarged spleen appeared normal except for an increase in the number of
PMN's and megakarocytes,

The skin lesions were typical of an acute bacterial inflammation,
with a mixed zellular infiltrate. Most of the dermis was necrosied away,

and the necrosis extended deep into the connective tissue and muscle

'Iayers.




