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The K99-antigen associated adhesin in Escherichia coli (637 Strain) has been
purified to homogeneity by using conventional chromatographic procedures. Sodium
deoxycholate was used in the precipitation steps to avoid hydrophobic interactions
between the fimbriae and other membrane-associated components.

Homogeneity of the purified adhesin was assessed by electrophoresis, isoelectro
focusing, analytical gel filtration and immunoprecipitation against K99 specific anti
serum, being homogeneous in all cases.

The purified adhesin is composed of protein sub-units with a molecular weight of
18,900 ± 950 daltons. No sugars were detected in the molecule. The molecular weight
of the adhesin was higher than 2 X 10° daltons, and its isoelectric point was estimated
to be about 9.45.

Bacterial fimbriae are filamentous non-
flagellar appendages of the bacterial sur
faces whose significance for survival and
pathogenity is uncertain (19, 12). Some
fimbriae —or pili— were shown to en
able the bacteria to attach themselves to
and colonize certain mammalian surfaces
and have been termed «colonization fac
tors^ The study of these factors has in
creased considerably receptly following
the discovery that the binding of bacteria
to cells is the first step in the production 

of infections by the majority of the pa
thogenic bacteria (1).

One of the colonization factors, found
in Escherichia coli strains isolated from
calves, lambs and piglets with diarrhoea,
is the K99 antigen. This factor is encoded
by a transmissible plasmid (18). At pre
sent, there is great controversy concerning
the molecular identity of the antigenic
and adherent properties associated with
the K99 (10, 15) and, in contrast to other
colonization factors, purified K99 antigen 
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does not effectively inhibit the adhesion
of K99-positive bacteria nor completely
protect the animals vaccinated with this
antigen (14).

Previous studies on the K99 antigen
and adhesin expression in K99-positive
wild strains and exconjugants showed that
the two molecules are different in expres
sion and genetic control (submitted for
publication).

This paper deals with the purification
and biochemical separation of the mol
ecules responsible for the antigenicity
and adherence encoded by the K99
plasmid.

Materials and Methods

Purification of the K99 antigen and
adhesin. Cultures of the K99-positive
strain E. coli 631 (obtained from J. Blan
co and E. Gonzalez, Departamento Mi-
crobiologia, Facultad de Biologia, Uni-
versidad de Santiago, Spain) were pro
duced in erlenmeyer flasks in a total vol
ume of 8 litres of Minca medium (9).
The incubation took place at 37° C, stat
ically, for 24 hours. At the end of the
culture period, the bacteria were sepa
rated by centrifugation at 12.000 X g for
10 min at 4° C. The pellet was suspended
in phosphate-buffered saline (PBS) in a
total volume of 70 ml.

Fimbriae were extracted from the bac
teria by agitation of the suspension in a
Sorvall Omnimixer homogenizer, at a
setting of 10, for a total of 10 min at
2 min intervals. The vessel of the homog
enizer was mantained immersed in a
mixture of methanol and ice. The sus
pension was then centrifuged at 8.000 Xg
for 15 min at 4° C, and the pellet was
discarded.

Solid ammonium sulphate was then
added to the supernatant to a 50 % sat
uration and, after standing overnight at
4° C, it was centrifuged at 12.000Xg for
20 min at 4° C. The precipitate was sus
pended in PBS and dialyzed against the 

same buffer for 48 hours. The dialyzate
was centrifuged at 8.000 X g for 10 min
at 4° C and sodium deoxycholate (DOC)
was added to the supernatant to a 0.5 %
concentration. This was then dialyzed
against 12 volumes of a 0.5 % DOC so
lution for 48 hours. The dialyzate was
centrifuged again as above and the su
pernatant was dialyzed against 20 vol
umes of PBS for 48 hours.

The dialyzate was then chromatographed
in a Sepharose CL-4B column (1.5 X
X 100 cm) equilibrated in PBS and eluted
with the same buffer. The active fractions
were then mixed and concentrated by
precipitation with ammonium sulphate to
a 70% saturation. After centrifugation
and dialysis against 0.01 M Phosphate
buffer (pH 7.2)-0.1 M NaCl (PB), the
material was applied to a QAE-Sephadex
A-50 column (2.5 X 35 cm) equilibrated
with PB. Elution was carried out with
a 500 ml lineal gradient of NaCl (0.1 M
to 2.0 M) in PB.

The peaks in the chromatographic steps
were detected with a 280 nm spectropho
tometric flow detector.

Analytical methods. Total protein
measures were made by the dye-fixation
method (2). Sugar content in the purified
fimbriae was estimated by the phenol-sul
phuric acid method (7).

The purification procedure was followed
by polyacrylamide gel electrophoresis ac
cording to Laemli (3) but omitting the
inclusion of SDS in the solutions, by
agarose gel electrophoresis as described
by Van Arkel et al. (21), and by im
munoprecipitation with anti-K99 serum
(8). The immune serum was generously
supplied by Dr. P.A.M. Guinde (Rijks
Instituut voor de Volkgezondheid, Ne
derland).

Purity was assessed by isoelectrofo
cusing in agarose gels (3) and by analyt
ical gel filtration in Sepharose CL-4B
columns. These two methods allowed,
respectively, the determination of the iso



PURIFICATION OF K 9 9-ASSOCIATED ADHESIN 47

electric point and the molecular weight
of the fimbriae.

Sub-unit molecular weight was deter
mined by SDS-polyacrylamide gel elec
trophoresis (13).

Adhesive activity was measured by
haemagglutination of sheep red blood
cells in Microtiter plates (20).

Results

The purification procedure described
allowed the K99- associated adhesin to be
obtained as a homogeneous material as
well as its separation from the molecules
responsible for the K99 antigenicity. Ta
ble I shows the activities and recoveries
obtained at each purification step. The pu
rified adhesin has a specific activity of
80,629.9 units per mg, and the total recov
ery was 43.3 %.

Figure 1 shows the elution patterns
obtained in the Sepharose CL-4B and in
the QAE-Sephadex A-50 columns. The
adhesin was eluted in peak 3 in the ion
exchange column, whereas the K99 anti
gen was eluted in peak 2 in the same
column. This last purification step is the
only one in which the K99 antigenic ac
tivity is separated from the adhesive activ
ity (fig. 1 B).

Figure 3 shows the electrophoretic anal
ysis of the active fractions in each puri
fication step. As can be seen, only one
band is obtained when peak 3 of the

Fig. 1. Diagrammatic representation of the
elution patterns of the Sepharose CL-4B (A)

and the QAE-Sephadex A-50 (B) columns.
Size and elution conditions are as explained
in the text. Absorbance was measured at

280 nm. (----) NaCl gradient.

QAE-Sephadex A-50 column is analyzed.
This band does not enter the polyacryl
amide gels, and can only be well ana-

* Expressed as units per mg of protein.
•* One unit Is defined as the minimum amount of protein in the extract capable of producing haemagglu

tination of sheep red blood cells.

Table I. Purification of the K99-antigen associated adhesin in E. coli 637.

Step
Total protein

(mg)
Specific
activity * Units •*

Recovery
(%)

PBS extract 13.1 1.545.0 20,224.0 100.0
Ammonium sulphate 50 % 4.3 3,545.7 20,480.0 101.3
Sodium deoxycholate 1.5 13,993.9 14,336.0 70.9
Sepharose CL-4B 1.0 30,318.3 11,082.8 54.8
QAE-Sephadex A-50 0.1 80,629.9 8,757.0 43.3
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Fig. 2. Diagram of the immunoprecipitation
patterns of the three peaks obtained in the
OAE-Sephadex A-50 column against anti-E coli

637 serum (t) and antl-K99 serum (k).
«) peak 1; &) peak 2; c) peak 3.

lyzed in agarose gels, where a single band
is also obtained. Peak 3 also shows one
precipitation line with anti E. coli 637
serum (fig. 2). This peak is also homo
geneous as demonstrated by isoelectro
focusing and analytical gel filtration (not
shown). The pl calculated for the adhesin
was 9.45, and its Mr at about 2 X 106.

Fig. 3. Diagram of the electrophoretic pat
terns of the active fractions obtained in each

purification step.
A) PBS extract; B) Ammonium sulphate frac
tion; C) DOC fraction; D) Sepharose CL-4B
fraction; E) and F) peak 3 of the QAE-Sepha-
dex A-50 column. A, B, C, D and E are poly
acrylamide gels. F is an agarose gel. S indicate
the stacking gel. (◄) Fimbriae. (<) Bromphe

nol blue marker.

Molecular weight (x 10"*)

Fig. 4. Molecular weight determination of
the fimbrial sub-units of the K99-antigen as

sociated adhesin.
(A) SDS-polyacrylamide gel electrophoresis.
(B) Plot of molecular weight versus relative
migration distance in the gels. (1) Bovine serum
albumin; (2) papain; (3) trypsin; (4) lysozyme;

(Ad) adhesin (<j) brophenol blue marker.

Protein and carbohydrate analysis of
the purified adhesin showed the absence
of sugars. SDS-polyacrylamide analysis
showed that the adhesin is composed of
sub-units with an Mr of 18,900 + 950
(fig. 4).

Discussion

The fimbriae purification procedure
used is based on those of other authors
(10, 15). The use of sodium deoxycholate
prevents the hydrophobic interactions of
the fimbriae with other membrane com
ponents such as the outer membrane pro
teins (OMP) or lipopolysaccharides (LPS)
and was introduced for this purpose by
Data et al. (5). It was used recently for
the purification of type 1 fimbriae (12)
and of the 'K99 antigen (6).

From the electrophoretic, immunopre
cipitation, analytical filtration, isoelectro



PURIFICATION OF K99-ASSOCIATED ADHESIN 49

focusing and SDS-electrophoretic analy
ses, it can be assumed that the K99-asso-
ciated adhesin has been purified to ho-
mogenity. From the QAE-Sephadex col
umn results it can be seen that the ad
hesin and the K99 antigen are eluted in
different peaks. With the same type of
colums, Morris et al. (15) obtained both
activities in the same peak. The differ
ences between the two purification proce
dures are in the extraction and precipi
tation methods, which, in the procedure
of Morris et al. (15) do not allow the
annulation of the hydrophobic forces. This
can make it impossible to separate the
fimbriae from other membrane compo
nents during purification.

The different behaviour found by Isaac
son (10) for the K99 antigen (it is eluted
in the void volume of a DEAE-Sephadex
column) can be explained by the same
reasons indicated above. Furthermore,
DEAE-Sephadex is an anionic exchanger,
whereas QAE is cationic. This can also
explain for the differences found (4).

Isaacson (10) found that the aggluti
nating activity eluted later with the appli
cation of the NaCl gradient, and that the
K99 antigen was devoid of agglutinating
activity.

In this sense, the results presented in
this paper are similar, because the K99
antigen and the adhesin are obtained as
different molecules, at different peaks.

Recently, De Graaf et al. (6) have
purified the K99 antigen by a method
that includes the use of DOC, but they
have not investigated the possible asso
ciation of the antigen with the adhesin.
The K99 antigen was detected by these
authors by immunoenzymatic techniques.

The isoelectric point found for the
K99 antigen was 9.45, and agrees with
those found by Isaacson (10) and De
Graaf et al. (6). which were over 10 and
9.5 respectively. The isoelectric point
found by Morris et al. (16, 17), 4.2, is
completely different. The later authors
postulated the existence of different K99 

antigens in different E. coll strains, but
this hypothesis was questioned by Isaac
son (11) and De Graaf et al. (6).

Resumen

Se purifica hasta la homogeneidad, por m6-
todos cromatogr<ificos habituales, una adhesi-
na asociada al antigeno K99 en la cepa 637
de Escherichia coli. El uso de deoxicolato so-
dico en las etapas de precipitacion tiene como
finalidad el evitar las interacciones hidrofobi-
cas entre las fimbrias y otros componentes aso-
ciados a la membrana.

Se ensaya la homogeneidad de la adhesina
purificada por electroforesis, isoelectroenfoque,
filtracion analltica en geles e inmunoprecipi-
tacion frente a antisuero especifico anti-K99,
siendo homoginea en todos los casos. La ad
hesina purificada esti compuesta de subunida-
des de proteina con un peso molecular de
18.900 ± 950 daltones. No se detectan azuca-
res en la motecula. El peso molecular de la
adhesina es superior a 2 X 10c daltones, y su
punto isoelectrico se estima alrededor de 9,45.
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