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Immunological Characterization of Two Major Proteins
Isolated from the Outer Membrane of Proteus mirabilis
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Two proteins with apparent molecular weights of 39,000 and 36,000 (Mr 39,000
and M, 36,000, respectively) were isolated from the outer membrane of Proteus
mirabilis 19. Mr 36,000 was shown to be free of detectable amounts of the M,
39,000 protein by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
free of lipopolysaccharide according to gas chromatographic analyses of 3-hy-
droxymyristic acid content. The Mr 39,000 protein contained no detectable
amount of lipopolysaccharide and only a trace ofMr 36,000. Both isolated proteins
gave strong reactions in antisera produced to purified P. mirabilis 19 cell walls
(outer membrane proteins in the native state). This suggested that the proteins
isolated by our methods essentially retained their native configuration upon
resolubilization. Antisera produced in rabbits to the isolated proteins showed
strongest reactions with the homologous antigen, but some cross-reactions with
the heterologous protein and with P. mirabilis 19 lipopolysaccharide were ob-
served. These cross-reactions could be attributed to specific responses to traces of
the heterologous (contaminant) proteins present in the purified proteins used as
immunizing antigens. The Mr 39,000 and M, 36,000 proteins have no major
antigenic determinants in common. Reactions with P. mirabilis 19 lipopolysac-
charide in antisera to the outer membrane proteins could be completely removed
by absorption of the antisera with the Mr 36,000 protein.

The outer membrane of gram-negative bac-
teria is unique in its structure and functional
properties and accordingly has been the object
of intense research in the past few years. In
contrast to plasma membranes, the outer mem-
brane contains a few major characteristic pro-
teins that are present in larger amounts than the
other components of this complex, namely phos-
pholipid and lipopolysaccharide (13). Some spe-
cies of these proteins apparently play a decisive
role in permitting the nonspecific diffusion of
hydrophilic molecules generally larger than
those able to penetrate most plasma membranes
(5, 11, 12, 15). These proteins may also be re-
sponsible to a great extent for the relative re-
sistance of outer membranes to disaggregation
by detergents (15).
The large amounts of major proteins and their

distribution in the outer membranes are impor-
tant considerations not only for structure-func-
tion studies but also for studies of defense mech-
anisms of hosts against gram-negative bacterial
infections. Gram-negative bacteria are unfortu-
nately the most frequent causative agents of
hospital-acquired infections (1, 9). Because of
the known resistance of these organisms to an-
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tibiotic therapy, experimental efforts have been
made to control gram-negative infections
through specific immunological responses. Outer
membrane proteins represent potentially impor-
tant antigens, and although there have been
some indications in the literature that an im-
mune response to cell surface proteins may play
a role in protection against experimental gram-
negative bacterial infections (10), the immuno-
logical properties of cell surface proteins of
gram-negative bacteria have not been widely
investigated. Problems encountered in the iso-
lation and purification of proteins in an unden-
atured form from outer membranes have no
doubt been largely responsible for the relatively
few investigations in this area.
We described previously (15) the isolation of

two major outer membrane proteins of Proteus
mirabilis that were able to mediate the penetra-
tion of hydrophilic molecules through model
membrane phospholipid vesicle bilayers and
protect these model membranes from disaggre-
gation by detergents. According to biochemical
analyses, these proteins were isolated in highly
purified form.

In the present report we have characterized
these proteins immunologically to obtain further
information concerning the purity of the isolated
outer membrane proteins, the effectiveness of
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the purification methods employed in preserving
the native state of the isolated proteins, the
immunological relationships of the two protein
species, and their potential role as cell surface
antigens.

MATERIALS AND METHODS

Bacterial strains. P. mirabilis strain 19 of this
laboratory was cultivated on complex medium to the
early stationary phase of growth by E. Merck AG,
Darmstadt, Germany. The cells were stored at -25°C.

Isolation of cell walls. P. mirabilis cell walls free
of cytoplasmic membranes and cell contents were ob-
tained as previously described (15) by shaking aqueous
suspensions of bacteria with glass beads (diameter,
0.17 mm) in a cooled cell mill (E. Buhler, Tubingen,
Germany) in the presence of 0.4% (wt/vol) sodium
dodecyl sulfate (SDS) (Serva, Heidelberg, Germany).
Extruded cell contents, solubilized cytoplasmic mem-
branes, and SDS were removed from the cell walls by
repeated washings with 0.02 M NaHCO3 followed by
distilled water in a centrifuge at 30,000 x g for 1 h at
room temperature.

Extraction of lipopolysaccharide. Lipopolysac-
charide I of P. mirabilis 19 was extracted with phenol-
water and purified as described by Gmeiner (2).

Isolation of outer membrane proteins. (i) Mr
39,000. An outer membrane protein with an apparent
molecular weight of 39,000 (Mr 39,000) was selectively
extracted from P. mirabilis 19 cell walls as previously
described (15) by using 1% (wt/vol) sodium deoxycho-
late (E. Merck AG) followed by gel filtration on Seph-
adex G-200 (Pharmacia, Uppsala, Sweden) in the pres-
ence of 0.25% sodium deoxycholate according to the
method of Nakamura and Mizushima (13). After ex-

tensive dialysis (13), the product contained less than
0.002% detergent. The protein was stored in the lyoph-
ilized state.

(ii) Mr 36,000 method 1. We employed a modifi-
cation of the method previously used to extract the
protein with an apparent molecular weight of 36,000
(Mr 36,000), which is noncovalently associated with
the peptidoglycan layer, from P. mirabilis 19 cell walls
(15). Briefly, cell walls were extracted with 2% (wt/
vol) SDS at 60°C (17). The Mr 36,000 protein remained
associated with the peptidoglycan layer. The Mr 36,000
protein was then extracted from peptidoglycan with
90% (vol/vol) acetic acid (19, 20), and the supernatant
after centrifugation in an ultracentrifuge (106,000 x g
for 1 h at 4°C) was extensively dialyzed against dis-
tilled water. The modification involved resolubiliza-
tion of the protein precipitated after dialysis in a buffer
containing 0.01 M tris(hydroxymethyl)amino-
methane-hydrochloride (pH 8.0), 0.1 M NaCl, 0.001 M
ethylenediaminetetraacetate, 0.02% NaN3, and 1%
SDS at room temperature. The dissolved protein was
then subjected to gel filtration on a Sephadex G-200
column (2.5 by 100 cm) in the same buffer contain-
ing 0.25% sodium deoxycholate instead of SDS. The
protein fraction eluting with the void volume was

collected and extensively dialyzed against 0.005
M tris(hydroxymethyl)aminomethane-hydrochloride
(pH 8.0) and finally against distilled water. The protein
was stored in the lyophilized state.

(iii) Mr 36,000 method 2. The Mr 36,000 protein
was also isolated from cell walls by the method of
Nakamura and Mizushima (14). This method involved
a preextraction of cell walls with 2% SDS at 60'C as
described above, followed by isolation of Mr 36,000
from the peptidoglycan sacculus at a high salt concen-
tration (0.5 M NaCi) with 2% SDS at 50'C. The
extraction mixture was concentrated to a volume of
6.0 to 8.0 ml by negative-pressure dialysis and sub-
jected to gel filtration as described above.

Analytical methods. The protein contents of the
isolated extracts were determined by the method of
Lowry et al. (6), using the modification described by
Markwell et al. (8). Fatty acids of phospholipids and
lipopolysaccharide were analyzed by gas-liquid chro-
matography (3). SDS-polyacrylamide gel electropho-
resis was carried out as previously described (15).
Immunization of rabbits. (i) Cell walls. Female

chinchilla bastard rabbits weighing approximately
2,500 g (Wiga, Sulzfeld, Germany) were given four
intravenous injections of 0.25, 0.25, 0.5 and 0.5 mg (dry
weight) of P. mirabilis 19 cell walls on days 0, 6, 11,
and 19, respectively. Blood was collected from ear
veins on days 0, 6, 11, 14, and 25.

(ii) Isolated outer membrane proteins. A 3.0-mg
amount of lyophilized protein was suspended in 1.0 ml
of a buffer containing 0.1 M tris(hydroxymethyl)-
aminomethane-hydrochloride (pH 7.1) plus 0.9% NaCl
and sonicated for 90 s in an ice bath by using a Branson
apparatus (model S-125; Branson Instruments Co.,
Danbury, Conn.) at power level 4 with a microtip. The
suspension was brought to 1.5 ml with the buffer and
mixed with 1.5 ml of Freund complete adjuvant (Difco,
August Hedinger, Stuttgart, W. Germany) by using an
Ultraturrax mixer (Janke & Kunkel, Staufen, W. Ger-
many). Rabbits received 1.0 ml (1.0 mg) injected intra-
dermally in 10 sites on the back on day 0. For the
second injection animals were given 2.0 mg of the
protein in the same manner on day 40. Blood was
collected from ear veins on days 0, 40, and 50.

Alkali treatment of lipopolysaccharide. A 0.4-
ml amount of 1.0 N NaOH was added to 5.0 mg of
lipopolysaccharide suspended in 2.0 ml of distilled
water, and the mixture was heated at 560C for 1 h.
The mixture was then neutralized with 1.0 N acetic
acid and brought to 10 ml with distilled water.
Coating of erythrocytes with lipopolysaccha-

ride. Sheep erythrocytes (Deutsche bioMerieux, Nur-
tingen, W. Germany) were coated with alkali-treated
lipopolysaccharide by the method of Schlecht and
Westphal (18).
Coating of erythrocytes with outer membrane

proteins. Tannin-treated sheep erythrocytes were
coated with outer membrane proteins by the method
of Boyden as described by Nowotny (16).
Hemagglutinin assays of antisera. Hemaggluti-

nin titers of antisera were determined by using either
lipopolysaccharide-coated or protein-coated sheep
erythrocytes in a microtiter system (Cooke Engineer-
ing Co., Alexandria, Va.), as described by Takatsky
(21).

Quantitative precipitin test. Amounts of anti-
body in antisera were determined by a microprecipi-
tation method (7), using either alkali-treated lipopoly-
saccharide or outer membrane proteins. To ensure
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complete solubilization of the outer membrane pro-
teins, samples containing 0.5 mg of protein per ml in
0.9% NaCl were sonicated as described above for the
preparation of proteins for immunization. After soni-
cation, SDS was added to a final concentration of
0.2%. The amount of protein in precipitates was deter-
mined by the method of Lowry et al. (6). In the case
of the protein antigens, the amount of outer membrane
protein added at equivalence was subtracted from the
total precipitated protein to obtain the amount of
antibody protein precipitated.
Absorption of antisera with isolated outer

membrane proteins. A 2.0-mg amount of lyophilized
outer membrane protein was added to 500 1d of heat-
inactivated, undiluted serum and allowed to incubate
for 30 min at 370C. The mixtures were then left at 4VC
for 2 days (mixed daily) and finally centrifuged for 20
min at 1,000 x g in the cold to remove precipitated
complexes.
Absorption of antiserum with alkali-treated

lipopolysaccharide. A 20-mg amount of alkali-
treated P. mirabilis 19 lipopolysaccharide was mixed
with 1.0 ml of heat-inactivated, undiluted antiserum
and allowed to incubate for 30 min at 370C. The
mixtures were kept at 40C overnight and subsequently
centrifuged at 1,000 x g for 20 min to remove precip-
itated complexes.

RESULTS AND DISCUSSION
Isolation and purity of outer membrane

proteins. The purity of the Mr 39,000 protein
isolated with 1% sodium deoxycholate by the
method ofNakamura and Mizushima (13) varied
slightly from preparation to preparation. In the
most pure form, which was used for this inves-
tigation, the protein contained no detectable
amount of 3-hydroxymyristic acid by gas-liquid
chromatography analyses (less than 0.085% li-
popolysaccharide) and 0.45% phospholipid.
SDS-polyacrylamide gel electrophoresis showed
no trace of the major outer membrane protein
with an apparent molecular weight of 17,000 (Mr
17,000) and only a slight trace of the Mr 36,000
protein when large amounts of the Mr 39,000
protein were applied to the gel slabs (Fig. 1,
lanes B and D).
Two methods for isolation of the Mr 36,000

protein in the native state were employed. The
Mr 36,000 protein isolated by method 1 con-
tained no detectable amount of 3-hydroxymyris-
tic acid, which is characteristic of lipopolysac-
charide, and between 0.48 and 1.4% phospho-
lipid, depending on the batch extracted. No
traces of the M. 39,000 and Mr 17,000 proteins
were detectable on SDS-polyacrylamide gel
electrophoresis (Fig. 2, lanes C and D). The final
gel filtration step, which was a modification of
the procedure previously used (15), gave prepa-
rations which were consistently free of lipopoly-
saccharide, Mr 39,000, and Mr 17,000.

Isolation ofMr 36,000 by method 2 gave prep-

A B C D E F
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FIG. 1. SDS-polyacrylamide gel electrophoresis of
Mr 39,000 and Mr 36,0X0 outer membrane proteins of
P. mirabilis 19. Lanes A and F, Standard proteins:
bovine serum albumin (Mr, 67,000), ovalbumin (Mr,
45,000), chymotrypsinogen (Mr, 25,000), and cyto-
chrome c (Mr, 12,500). Lane B, Mr 39,000 (15.5 jg);
lane C, Mr 36,000 (20 Wg; lane D, Mr 39,000 (35 jg);
lane E, Mr 36,000 (40 jig). Mr 36,000 was isolated by
method 2.

A B C D

FIG. 2. SDS-polyacrylamide gel electrophoresis of
Mr 36,000 outer membrane protein of P. mirabilis 19,
isolated by method 1. Lane A, Standardproteins (see
legend to Fig. 1); lane B, Mr 39,000 (15.5 jg); lane C,
Mr 36,000 (20 pg); lane D, Mr 36,00X (40 pg).

arations which were free of Mr 39,000 and Mr
17,000 (Fig. 1, lanes C and E) but contained 3 to
9% lipopolysaccharide and 0.5 to 0.7% phospho-
lipid, even after the final gel filtration step.
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Reactions of Mr 39,000, Mr 36,000, and
lipopolysaccharide in antisera to P. mirab-
ili8 19 cell walls. To determine the reactivity
of the isolated proteins with antibodies produced
to the proteins in the native state, rabbits were
immunized with P. mirabilis 19 cell walls, and
the antisera were subjected to hemagglutinin
and quantitative precipitin analyses. Table 1
shows the hemagglutinin titers of antisera from
two rabbits determined with sheep erythrocytes
coated with either Mr 39,000, Mr 36,000, or P.
mirabilis 19 lipopolysaccharide. Mr 36,000 was
extracted by method 1. Peak titers against lipo-
polysaccharide were reached on day 14, whereas
titers against the proteins were strongest on day
25. The highest titers were measured against Mr
39,000, followed by lipopolysaccharide and Mr
36.000.

Quantitative precipitin reactions were carried
out on these antisera to determine the actual
amounts of antibodies produced to the three
antigens (Table 2). The largest amounts of anti-
bodies were produced to lipopolysaccharide and
Mr 36,000. The amounts of antibodies produced
to the Mr 39,000 protein antigen contained in
cell walls were smaller, but considerable. The
specific hemagglutinating activities (calculated
as hemagglutinin titer per milligram ofantibody)
in the hemagglutination test were 1,632,000 for
Mr 39,000, 60,000 for Mr 36,000, and 183,000 for
lipopolysaccharide. According to these figures,
theMr 39,000 protein showed the highest specific
hemagglutinating activity, whereas the activity
of Mr 36,000 was approximately three times
lower than that of lipopolysaccharide.
The method used for the extraction of Mr

TABLE 1. Hemagglutinin reactions in antisera to P.
mirabilis 19 cell walls determined with Mr 39,000,
Mr 36,000, and lipopolysaccharide as test antigens

Hemagglutinin titer with':
Antise- Day

rum DayMr 3 0
36,000"

1 0 <20 <20 <20
6 226 320 453
11 2,500 640 10,000
14 14,000 1,280 20,000
25 40,000 5,000 7,000

2 0 <20 <20 <20
6 226 160 20

11 2,500 453 10,000
14 10,000 1,280 20,000
25 40,000 5,000 5,000

a Hemagglutinin titers are reported as geometrical
mean values of two parallel determinations. Titers
represent the reciprocal of the last serum dilution after
the addition of antigen to show hemagglutination.

Mr 36,000 was isolated by method 1.

TABLE 2. Amounts of antibody in antisera to P.
mirabilis 19 cell walls measured with M, 39,000, Mr
36,000, and alkali-treated lipopolysaccharide as test

antigens in quantitative precipitation tests

Amt of antibody (mg) per ml of serum de-
termined with':

Antiserum' Alkali-

Mr 39,000 Mr 36,000c treated lipo-polysaccha-
ride

1 0.82 4.08 4.64
2 1.13 3.78 4.08

aAntisera from day 25 for the protein antigens and
day 14 for the alkali-treated lipopolysaccharide.

b Values represent the means of two separate deter-
minations.
'Mr 36,000 was isolated by method 1.

39,000 was chosen to produce the purest prepa-
rations in an undenatured form (13). The strong
reactivity of this protein with antibodies formed
against the protein in the native state suggests
that this method of isolation was indeed suc-
cessful in preserving the natural state of the
molecule.
The specific hemagglutinating activity of the

Mr 36,000 protein isolated with acetic acid
(method 1) was considerably lower than that of
Mr 39,000. Extraction with acetic acid should not
irreversibly denature the protein (19, 20); how-
ever, another method of extraction of Mr 36,000
(method 2), which is also designed to preserve
the native state of the protein, was used for
comparison. No difference in reactivity of the
above antisera with the Mr 36,000 proteins iso-
lated by methods 1 and 2 could be detected
(data not shown).
The stronger reactivity of Mr 39,000 over Mr

36,000 might be explained by the greater solu-
bility of Mr 39,000 in the absence of detergent.
Mr 39,000, in the concentrations employed, was
completely soluble after a short ultrasonic treat-
ment in buffer, whereas Mr 36,000 was still
slightly turbid and completely soluble only after
addition of detergent. This could have a pro-
found effect on the efficiency of coating of sheep
erythrocytes for the hemagglutination tests and
the resulting titers measured, as the procedure
was carried out in buffer without detergent.
For the quantitative precipitation tests both

proteins were completely solubilized in the pres-
ence of 0.2% SDS. The precipitin curves showed
the normal zones of antibody excess, equiva-
lence, and antigen excess typical of soluble an-
tigens.
Reactions of Mr 39,000, Mr 36,000, and

lipopolysaccharide in antisera to the iso-
lated outer membrane proteins. To test the
purity and immunological relation ofthe isolated
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proteins, antibodies to M, 39,000 and Mr 36,000
(isolated by method 1) were produced in rabbits
by using a standard immunization procedure for
protein antigens. Results of hemagglutinin and
quantitative precipitin reactions of the antisera
with Mr 39,000, Mr 36,000, and lipopolysaccha-
ride are presented in Tables 3 and 4.
Although the strongest reactions generally oc-

curred in response to the homologous antigen,
considerable cross-reactions with the heterolo-
gous protein and with lipopolysaccharide were
observed. In the isolated form, Mr 39,000 ap-
peared to be slightly more immunogenic than
Mr 36,000 (Table 4).

Specificity of the cross-reactions to iso-
lated outer membrane proteins. To deter-
mine whether the cross-reactions observed with
Mr 39,000 in Mr 36,000 antisera or withMr 36,000

TABLE 3. Hemagglutinin reactions in antisera to
either Mr 39,000 or Mr 36,000 measured with Mr
39,000, Mr 36,000, and lipopolysaccharide as test

antigens
Hemagglutinin titer with":

Antise- I
rum' Immunogen Lipo-Mr 39,000 polysac-36,000' charide

3 Mr 39,000 10,000 320 160
4 Mr 39,000 10,000 320 320

5 Mr 36,000 640 2,500 450
6 Mr 36,000c 2,500 5,000 960

a Antisera were collected on day 50.
b Hemagglutinin titers are reported as geometric

means of two parallel determinations. Titers represent
the reciprocal value of the last serum dilution after
addition of antigen to show hemagglutination.
cMr 36,000 was isolated by method 1.

TABLE 4. Amounts of antibody in antisera to either
Mr 39,000 or Mr 36,000 measured with Mr 39,000, Mr
36,000, and alkali-treated lipopolysaccharide as test

antigens in quantitative precipitation tests

Amt of antibody (mg) per ml
of serum with":

Antise- Alkali-
ruma Immunogen M M treated

39,000 36,000c lipopoly-39,003O saccha-
ride

3 Mr 39,000 1.54 0.50 0.36
4 Mr 39,000 1.80 0.56 0.39

5 Mr 36,000c 0.36 0.76 0.43
6 Mr 36,000c 0.25 1.16 0.67

aAntisera from day 50.
hValues represent means of two separate determi-

nations.
c Mr 36,000 was isolated by method 1.

in Mr 39,000 antisera were specific for the re-
spective heterologous antigens, absorptions of
these antisera with both antigens were carried
out (Table 5).

Absorption of antisera to Mr 39,000 with Mr
36,000 removed all reactivity with Mr 36,000 but
did not affect the strength of the reaction with
Mr 39,000. Similarly, absorption of Mr 36,000
antisera with Mr 39,000 removed all reactivity
with Mr 39,000 but left the reaction with Mr
36,000 intact.
These results suggest that the two proteins

are not related immunologically, i.e., that they
have no major antigenic determinants in com-
mon. This indicates that the reactions with the
heterologous protein antigen are specific and
that the antibodies were produced against trace
amounts of that antigen as a contaminant of the
pure protein preparation, despite the fact that
not even a trace of the Mr 39,000 protein was
detectable in SDS-polyacrylamide gel electro-
phoresis of Mr 36,000 extracts. The contaminat-
ing proteins were present in amounts large
enough to induce an immune response but too
small to react significantly with specific anti-
bodies (no removal of antibodies to Mr 39,000 by
absorption with Mr 36,000 or of antibodies to Mr
36,000 by absorption with Mr 39,000).

Specificity of the hemagglutinin reac-
tions in antisera to isolated outer mem-
brane proteins with lipopolysaccharide. Al-
though no trace of lipopolysaccharide could be
detected in the isolated outer membrane protein
preparations by means ofvery sensitive gas chro-
matographic analysis for 3-hydroxymyristic
acid, antisera to these proteins showed consid-

TABLE 5. Hemagglutinin reactions in antisera to
isolated outer membrane proteins of P. mirabilis 19
after absorption with either Mr 39,000 or Mr 36,000

Immuno- Antise- Treatment of Test anti- Hemag
gen ruma antisera gen titer"

Mr 39,000 3 No absorption Mr 39,000 10,000
3 No absorption Mr 36,000 250
3 Absorbed with Mr 39,000 10,000

Mr 36,000O
3 Absorbed with M, 36,000 <2

Mr 36,000c

Mr 36,000 6 No absorption Mr 36,000' 5,000
6 No absorption Mr 39,000 2,500
6 Absorbed with Mr 36,000r 5,000

Mr 39,000
6 Absorbed with Mr 39,000 <2

Mr 39,000
a Antisera from day 50.
bHemagglutinin titers are reported as geometrical mean

values of two parallel determinations. Titers represent the
reciprocal of the last serum dilution after the addition of
antigen to show hemagglutination.

'Mr 36,000 was isolated by method 1.
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erable reactions with P. mirabilis 19 lipopoly-
saccharide. To determine whether these reac-
tions were specific for lipopolysaccharide, he-
magglutinin reactions were also measured
against sheep erythrocytes coated with lipopoly-
saccharide I from P. mirabilis D52. This lipo-
polysaccharide has a sugar composition different
than that of P. mirabilis 19 lipopolysaccharide
(2). Ribitol plays a decisive role in the serological
specificity of P. mirabilis D52 lipopolysaccha-
ride (4), whereas lysine in P. mirabilis 19 lipo-
polysaccharide (2) is most likely an important
determinant of antigenic specificity.

Results of hemagglutinin reactions in Mr
39,000 antisera and in Mr 36,000 antisera with
these lipopolysaccharides are presented in Table
6. The reactions observed appeared to be specific
for P. mirabilis 19 lipopolysaccharide (hemag-
glutinin titers of 128 and 500 for P. mirabilis 19
and 2 for P. mirabilis D52). However, absorption
of anti-Mr 39,000 serum with Mr 36,000 protein
removed all detectable antibodies reacting with
P. mirabilis 19 lipopolysaccharide, whereas ab-
sorption of anti-Mr 36,000 serum with Mr 39,000
protein reduced the hemagglutinin reaction with
P. mirabilis 19 lipopolysaccharide by only one
dilution step. This result may or may not be
significant. In any case, the greater part of the
reactivity of P. mirabilis 19 lipopolysaccharide
with the anti-protein sera may be attributed to
cross-reactions with specific Mr 36,000 anti-
bodies present in both antisera.

Earlier investigations from our laboratory sug-

TABLE 6. Hemagglutinin reactions in antisera to
isolated outer membrane proteins of P. mirabilis 19
before or after absorption with either Mr 39,000 or

Mr 36,000 measured against P. mirabilis 19
lipopolysaccharide and P. mirabilis D52

lipopolysaccharide as test antigens
Hemagglutinin ti-

ter with':

Antise- Immuno- Treatment of P. mi- P. mi-
rum" gen antisera rabilis rabilis

19 lipo- D52 li-
polysac- popoly-
charide saccha-

ride
3 M, 39,000 No absorption 128 2
6 M, 36,000' No absorption 500 2
3 M, 39,000 Absorbed with <2 NDd

M, 36,000c
6 MA 36,000' Absorbed with 250 ND

MA 39,000
Antisera from day 50.

b Hemagglutinin titers are reported as geometrical means
of two parallel determinations. Titers represent reciprocal
value of the last serum dilution after the addition of antigen
to show hemagglutination.

AL 36,000 was isolated by method 1.
d ND, Not determined.

INFECT. IMMUN.

gested that Mr 36,000 has a cationic character
(precipitation of phospholipids upon addition of
large amounts of Mr 36,000 in model membrane
systems). Antibodies produced to these basic
groups on the protein could cross-react with
lysine present as a component of P. mirabilis 19
lipopolysaccharide. We are therefore unable to
determine in our system whether traces of lipo-
polysaccharide not detectable by gas chromato-
graphic analyses were present in the protein
preparations in amounts large enough to induce
a specific immune response to this component.
Absorption of anti-cell wall sera (Table 1) with

P. mirabilis 19 lipopolysaccharide removed all
hemagglutinin activity against lipopolysaccha-
ride and reduced hemagglutinin titers measured
against Mr 36,000 by two to three dilution steps.
Amounts of antibodies to Mr 36,000 were re-
duced from 4.08 and 3.78 mg/mil (Table 2) to
1.17 and 1.47 mg/ml, respectively. These results
suggest that antigenic determinants onMr 36,000
other than those that cross-react with P. mirab-
ilis 19 lipopolysaccharide play a role in the se-
rological specificity of the protein antigen. Ab-
sorption of these antisera with P. mirabilis 19
lipopolysaccharide did not reduce hemagglutinin
titers or amounts of antibodies measured against
the Mr 39,000 protein.
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