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Five strains of Escherichia coli were tested for the presence of the K88ac or

K88ab antigens by immunoelectrophoresis and immunodiffusion. The K88ac
antigen of 0A2 and Sojka Abbotstown gave an anodic line in the immunoelectro-
phoresis test and a line in immunodiffusion with homologous K88ac antisera. The
K88ab antigens of 0G7, 0E68, and Moon 263 also gave anodic lines in immunoe-
lectrophoresis, and were detectable by immunodiffusions. The 0 groups of these
strains were also demonstrated by immunoelectrophoresis and immunodiffusion
with homologous 0 antisera. Lack of complete inactivation at 100'C of both the
K88ac and K88ab antigens was noted in this study.

The K88 antigen of Escherichia coli, isolated
from swine with enteritis and edema disease in
England, was first described in 1961 (13). K88 is
an episomally transferred L type of K antigen
that is destroyed by heating at 100'C and is not
formed at 18'C (11, 13). The K88 antigen exists
in at least two serologically different forms,
K88ab and K88ac (13). From chemical analysis,
K88 was found to be a protein containing all of
the common amino acids except cysteine-cystine
(16). Electron microscope studies indicated that
K88 has a fimbria-like filamentous morphology
(15). However, the K88 filaments are finer and
more flexible than the fimbria described by Du-
guid et al. (1-5).
0rskov et al. demonstrated many of the E.

coli 0 and K antigens by immunoelectrophoresis
(IEP), but were not able to demonstrate the K88
antigen, probably due to its filamentous nature
(10).
This study was undertaken to identify the

K88ac and K88ab antigens by the IEP tech-
nique. Identification of the K88 antigen could be
important as a diagnostic tool because it is often
associated with enteropathogenic strains of E.
coli that cause neonatal diarrhea in piglets (14).
(This work was submitted by E.E.C. to the Grad-
uate School, The Pennsylvania State University,
in partial fulfillment of the requirements for an
M.S. degree in Veterinary Science.)

MATERLALS AND METHODS
Strains. Five strains of E. coli were used in this

t Journal series paper no. 5337 of the Pennsylvania Agri-
cultural Experiment Station.
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study. Three of the strains, obtained from F. 0rskov
(Collaborative Centre for Reference and Research on
Escherichia, World Health Organizations, Statens Ser-
uminstitut, Copenhagen, Denmark), were 0A2
(0157:K88ac:H19), 0G7 (08:K87, K88ab:H19), and
0E68 (0141:K85, K88ab:H4). 0A2 is the standard
strain for the K88ac antigen and 0E68 the standard
strain for the K88ab antigen. Sojka Abbotstown
(0149:K91, K88ac:H1O) was received from W. J. Sojka
(Central Veterinary Laboratory, Weybridge, Surrey,
U.K.). Moon 263 (08:K87, K88ab:H19) was supplied
by H. W. Moon (U.S. Department of Agriculture,
Ames, Iowa).

Media. Stock cultures were maintained on Trypti-
case soy agar (Baltimore Biological Laboratory, Cock-
eysville, Md.). The strains were cultivated on Trypti-
case soy agar plates for IEP and immunodiffusion (ID)
tests.

Serotyping of E. coli. All cultures were examined
serologically with their specific 0, K, and H antisera
by the methods described by Glantz (7). This entailed
slide agglutination and tube titer tests for final confir-
mation of 0, K, and H antigens.

Production and absorption of K88 antisera. E.
coli antisera (O and K specific) were prepared by
immunizing rabbits by standard procedures (7). Dou-
ble-cross-absorbed antiserum was prepared by the
method of 0rskov (12). The antigens, prepared as
mentioned below, were unheated, heated at 60 or
100'C, or microwaved, then centrifuged for 30 min
(20,000 x g), and the supernatant was discarded. The
antiserum to be absorbed was added to the antigen
pellet, mixed, and incubated at 370C for 2 h. The
suspension was then recentrifuged for 30 min (20,000
x g), and the antiserum supernatant was transferred
to a freshly prepared antigen pellet. The mixture was
incubated at 370C for 2 h, then refrigerated overnight.
The suspensions were centrifuged for 30 min (20,000
x g), and the absorbed antiserum supernatant was
saved for the IEP and ID tests.
Antigen preparation. The cultures were streaked
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on Trypticase soy agar plates with sterile swabs and
incubated overnight at 37°C. The bacterial growth
was washed off with 4 ml of Barbitol buffer (Fisher
Scientific Co., Pittsburgh, Pa.) with a glass rod. The
culture suspensions, divided into three parts, were
then heated in a water bath at 60°C for 20 min, at
100°C for 1 h in flowing steam, and microwaved (Hot-
point model RE 910) in glass petri dishes for 15 to 30
s. Then all three antigen preparations were centrifuged
for 20 min at 20,000 x g in a refrigerated Lourdes
(model A-2) centrifuge. The supernatant, referred to
as "extract" (10), was removed and stored at 4°C, and
the pellet was saved for slide agglutination studies.
Freeze-thawing and disruption by ultrasonic treat-
ment was used to disrupt the bacteria and release the
antigens, but no electrophoretic patterns were ob-
tained. Minca medium (8) was used to enhance growth
of K88 but did not give any better results than Tryp-
ticase soy agar.

IEP. A Gelman immunoelectrophoresis system
(Gelman Instrument Co., Ann Arbor, Mich.) was used.
Slide preparation and electrophoresis were carried out
according to the Gelman manual (6). Washed, Difco
Special Noble agar (Difco Laboratories, Detroit,
Mich.) was employed as the electrophoretic medium,
and Barbitol buffer was used to fill the electrophoretic
chamber. The slides were stained with Coomassie
brillant blue dye (C45H44N3NaO7S2) (Fisher Scientific
Co., Pittsburgh, Pa.) for permanent records.

ID. Double diffusion was performed on agar-coated
glass slides with the same antigen extract preparations,
buffer, agar, and stain as described in the IEP method.
The diffusion medium was applied with a 12-ml sy-
ringe (20-gauge needle) under a polished lucite block
(3 by 2.5 by 0.8 cm). Antigen extract and antiserum
were applied to the agar with a TB syringe (27-gauge,
1.27-cm needle) with a lucite diffusion block (2.5 by
2.5 by 0.8 cm) containing seven funneled wells. The
slides were refrigerated at 4°C for 4 days, and the
results were recorded.

RESULTS

Table 1 lists the IEP, ID, and slide aggluti-
nation results of strain 0A2 (0157:K88ac:H19).
All of the other strians tested gave results iden-

tical to this standard K88ac antigen strain, so for
purposes of simplification, only the results of
strain 0A2 are listed in this table. The 600C and
microwave extracts of 0A2 agglutinated with
OK88ac (K88) antisera prepared with the 0A2
strain but not with 0157 antisera in the slide
agglutination tests using unabsorbed antisera.
The 100°C extract reacted as 0157 with unab-
sorbed OK88ac and 0157 antisera. This is evi-
dence of the K masking effect that is removed
at 1000C. When these three antigen extracts
were tested with K88ac antisera absorbed with
unheated K88ac antigen (K88/K88 Unh), no
agglutination occurred, because no antibodies
should have remained after absorption. Only the
600C and microwave extracts agglutinated with
K88/K88 (1000C) antisera, because these ab-
sorbed antisera should contain antibodies only
to the K88ac antigen. The other strain tested
containing the K88ac antigen, Sojka Abbots-
town, agglutinated with 0149 antisera, with
K88ac antisera prepared with the 0A2 strain,
and with K(A1) antisera prepared with
0149:K91, K88ac:H19. Strain 0A2 also agglutin-
ated with K(A1) antisera, although it is not
included in the table. Neither of these two
strains agglutinated with K88ab antisera.
Heated (1000C) antigens of 067, Moon 263, and
OE68 all agglutinated with their respective 0

group antisera, 08 and 0141, and when un-

heated, with K88ab antisera but not K88ac an-

tisera.
When tested by immunodiffusion, the 600C

and microwave antigen extracts ofOA2 gave two
lines with K88ac unabsorbed antisera (Fig. 1A).
The lines close to the antigen (outer) wells were
considered to be K88ac, and the lines closer to
the antiserum (center) well were due to 0157.
All three antigen extracts gave one line (0157)
when tested with 0157 antisera (Fig. 1B). What
appears to be a second line close to outer wells

TABLE 1. IEP, ID, and slide agglutination results of the K88ac antigen by using unabsorbed and double-
cross-absorbed antisera0

Antigen treatment Slide agglutination ID

Unabsorbed serum Absorbed serum Unabsorbed serum Absorbed serum

Strain Antigen Temp OK88ac 0157 Unhh lOO0C8 OK88ac 0157 Unh 1000C
K88/K88 K88/K88 K88/K88 K88/K88

0A2 K88ac 60'C + - - + L(2) d Le _ L
0A2 K88ac 100'C + + - - L L
0A2 K88ac MW, 15 s + - - + L(2) L - L

a 60'C, 100'C, and microwave extracts (MW) gave anodic and cathodic lines with unabsorbed OK88ac
antisera. When tested with absorbed antisera K88/K88 (Unh) in IEP, no lines were observed. Only anodic lines
(K88ac) observed with all extracts when tested in IEP with K88/K88 (100"C) antisera.
bK88ac antisera were absorbed with unheated (Unh) K88ac antigen.
' Antigen was heated at 1000C for 1 h for absorption.
d L(2), Two lines observed.
eL, One line observed.
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FIG. 1. ID patterns obtained with E. coli OK88ac and 0157 antigens and antisera. (A) Center well, K88ac

antiserum. K88ac antigen extracts in outer wells: (1) and (2), microwave, 15 s; (3) and (4), microwave, 30 s; (5)

and (6), 60'C, 20 min. 0157 and K88ac lines are evident. (B) Center well, 0157 antiserum. K88ac antigen

extract in outer wells: (1) and (2), microwave, 15 s; (3) and (4), microwave, 30 s; (5) and (6), J1XJ0C, 1 h. Lines

are 0157. (C) Center well, absorbed antisera, K88ac/K88ac 1000 C, 1 h. K88ac antigen extract in outer wells:

(1) and (2), unheated; (3) and (4), 60'C, 20 min; 5 and 6, 100'C, 1 h. Lines are K88ac antigen. (D) Center well,

absorbed antisera, K88ac/K88ac microwave, 30 s. K88ac antigen extract in outer wells: (1) and (2), unheated;

(3) and (4), 60'C, 20 mmn; (5) and (6) and 1000 C, 1 h. Lines are K88ac antigen.

5 and 6 may be an unknown antigen released at
1000C.
Only the 60'C and unheated antigen extracts

produced a line with absorbed K88/K88 (1000C)
antisera, denoting the presence of K88ac (Fig.
10). The K88ac lines were apparent (Fig. 1D)
with absorbed K88/K88 (microwave, 30 s) anti-
sera, and unheated or heated (60'C, 20 min)
antigen extracts. Very faint lines were observed
with the 1000C, 1-h antigen extract. The K88ac
antigen is released into the supernatant after
microwave treatment, and possibly the amount
retained in the centrifuged precipitate was not
sufficient to absorb out all of the K antibody,
but did remove the 0157 antibody.

Lines were not observed when K88ac antise-
rum was absorbed with K88ac unheated antigen,

with microwave 15-s or with 60'C, 20-min anti-
gens and tested with all antigen extracts. As
mentioned above, the microwave treatment at
30 s may release more K88ac antigen into the
supernatant than the other two heating meth-
ods.
When tested by IEP (Table 1), 0A2 gave

anodic and cathodic lines with OK88ac unab-
sorbed serum. The anodic line represents the
K88ac antigen, and the cathodic line is due to
the 0157 antigen (Fig. 2). All three extracts of
0A2 did not form lines with K88/K88 (un-
heated)-absorbed antisera, as expected. An an-
odic line, apparent when the 60°C, 1000C, and
microwave extracts were tested in IEP with
K88/K88 (100°C)-absorbed antisera (Fig. 2),
confirmed the presence of the K88ac antigen.
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FIG. 2. IEP patterns obtained when K88ac (0A2) antigen heated at 60'C, 1000C, and microwaved for 15 s

[MW (15)] were tested with homologous OK88ac antisera and OK88ac antisera absorbed with OK88ac
antigen heated at 1000C for 1 h (K88/K88, 100QC). Anodic lines appear as an arc parallel to trough, or a line
directly from well. The two faint lines at top of slide (K88/K88, 100QC) are artifacts.

The very short anodic line evidenced with the
1000C extract, with the same serum, indicated
that some K88ac antigen was not totally inacti-
vated at 1000C, and also explains why a line was
evident with ID under these same conditions.
The other strains were also tested with homol-
ogous 0 antisera and gave lines identical to those
observed by 0rskov et al. in their IEP studies
(9, 10). Both the K88ac and K88ab antigen
strains gave anodic lines with homologous K
antisera, but no lines were observed when a
K88ac strain was tested with K88ab antisera and
vice versa. As with the 0A2 strain, the K88ac
and K88ab lines were confirmed by cross-ab-
sorption studies, and again there was evidence
that not all of the K88ac or K88ab antigen was

destroyed by heating at 1000C.

DISCUSSION
In this study both the K88ac and K88ab an-

tigens were demonstrated by testing five strains
of E. coli known to possess these antigens. The
demonstration of these antigens by IEP has not

been previously reported by other investigators.
These antigens were identified by IEP, ID and
slide agglutination, and confirmed by cross-ab-
sorption studies. Both the 600C and microwave
extracts of K88ac and K88ab antigens gave an
anodic line when tested by IEP. A short anodic
line was also observed when the 1000C extract
was tested. Because the K88 antigen is supposed
to be inactivated at this temperature, it is pos-
sible that some of the K88 antigen has not been
destroyed, or this line may be due to a ther-
mostable K antigen that is released at 1000C.
The latter was noted by 0rskov and 0rskov (12).
The line observed with the 1000C extract in IEP
does not move through the agar gel like the lines
obtained with the 600C and microwave extracts.
The immunodiffusion tests also gave the same
results but were more difficult to interpret due
to the occurrence of multiple lines (12).
The use of the microwave oven to release the

K88 antigens into the supernatant, with subse-
quent identification of the released antigen ex-
tract by IEP, was very efficient. Exposure to

60 C
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microwaves for 15 or 30 s was equivalent to
heating at 60'C for 20 min in a water bath. The
supernatants of unheated, freeze-thawed, and
ultrasonic-disrupted bacterial suspensions did
not produce any visible lines in the IEP method.

Identification of the K88 antigen by IEP as

demonstrated in this paper is of practical impor-
tance in evaluating pig enteropathogenic strains
of E. coli.
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