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1. Introduction

The periplasmic, osmotic-shock releasable maltose
binding protein is one of at least four gene products
that make up the maltose transport system of
Escherichia coli [1]. A further component is an outer
membrane protein known as the phage A receptor
[2] which is obligatory for the permeation of longer
maltodextrins into the cell [3]. The gene products of
the malF and malK genes are also necessary for
maltose transport [4] and at least the mal/F product
is likely to be an inner membrane protein [5]. In
addition to its transport function, the periplasmic
binding protein also acts as chemoreceptor in taxis
towards maltose [6].

In order to study the proteins involved in the
process of transport (and chemotaxis), it was of
interest to prepare an affinity chromatographic
material satisfying the substrate requirements of the
transport system (and chemoreceptor). It has been
demonstrated that the maltose transport system is
also responsible for the entry of maltodextrins into
the cell and that the binding protein recognizes not
only maltose but also maltodextrins up to at least
maltoheptaose [3]. This communication demon-
strates that amylose crosslinked by epichlorohydrin
also satisfies the substrate specificity of the maltose
binding protein and hence provides a simple affinity
chromatographic substrate for studies of maltose
recognition in transport and chemotaxis. It also
permits a rapid, one step purification of the maltose
binding protein from osmotic-shock fluids.
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2. Methods

2.1. Preparation of crosslinked amylose

The crosslinking of amylose was adapted from a
method described for starch [7}. Amylose, 1 g
(Sigma, grade III, from potato) was evenly sus-
pended in 4 ml water and warmed to 50°C in a water
bath. NaOH, 6 ml 5 N, followed by 3 ml epichloro-
hydrin were added with rapid stirring. The suspension
solidified into a gel within about 10 min, was allowed
to cool to room temperature and left for 45 min. The
gel was washed with water, transferred to a Waring
blendor and fragmented by brief blending as a sus-
pension in water. The broken gel was transferred to a
measuring cylinder and suspended in 3 separate
100 ml washes of buffer containing 50 mM glycine—
HCl, 0.5 M Na(l, (pH 2.0). Between each wash, the
gel was allowed to settle to separate fines remaining
in the supernatant. Two further fining cycles in water
and two in 10 mM Tris—HC1 buffer (pH 7.2) were
performed. Finally, the gel was stored by suspension
in 10 mM Tris—HCI (pH 7.2) containing 0.02% (w/v)
sodium azide.

2.2. Purification of maltose binding protein

Maltose binding protein was isolated from the
wild-type Escherichia coli K12 strain Hfr G6 [1}.
Bacteria were grown into late exponential phase on
minimal salts medium A containing 0.2% maltose as
sole carbon source [8]. Osmotic-shock fluids were
prepared as in [9]. The dilute shock fluid was filtered
through a 0.45 um membrane filter to remove whole
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bacteria and concentrated by lyophilisation. The con-
centrated shock fluid was extensively dialyzed against
10 mM Tris—HCI buffer (pH 7.2) before affinity
chromatography (fig.1). The protein peak eluted by
maltose was combined and lyophilised. The redissolved
protein in 10 mM Tris—HCI buffer (pH 7.2) was
extensively dialyzed against the same buffer and
stored frozen at —15°C. Maltose binding protein puri-
fied by the method in [1] was kindly provided by

W. Boos.

2.3. Maltose binding assays

The detection of binding activity by equilibrium
dialysis towards [**C]maltose was asin [1]. The
substrate-dependent fluorescence quenching exhibited
by maltose binding protein [3] was used to estimate
the dissociation constant of maltose binding.
Measurements were performed using a Perkin-Elmer
MPF 3 fluorescence spectrophotometer at 21°C with
excitation at 280 nm and emission followed at
350 nm. Both excitation and emission slits were set
at 8 nm. The conditions of assay were as in [3].

2.4. Gel electrophoresis

Sodium dodecyl sulphate (SDS)—acrylamide gel
electrophoresis [10}, acrylamide gel electrophoresis
in 8 M urea in the buffer systems at pH 8.5 [11] and
at pH 2.3 [12] were by the published methods. All
gels contained 7.5% acrylamide. Protein bands were
stained with Coomassie blue R 250 and gels destained
as in [10]. Bands were detected by scanning stained
gels in a Gilford 250 spectrophotometer at 550 nm.

2.5. Antibody preparation

Antiserum to pure binding protein was prepared
by injecting a rabbit with two doses each containing
1 mg protein in 0.5 ml 10 mM Tris—HCI buffer,
pH 7.2, mixed with an equal volume of Freunds
complete adjuvant. The injections were 3 weeks
apart and serum was isolated 4 weeks after the second
injection.

Protein estimations were by the Lowry method
[13].

3. Results
Preliminary equilibrium dialysis experiments
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demonstrated that inclusion of amylose in a dialysis
bag with concentrated shock fluid from maltose-
grown bacteria resulted in a strong inhibition of
[**C]maltose binding. This suggested that amylose
could at least compete for maltose binding sites in
the shock fluid. To test whether epichlorohydrin
crosslinked amylose could also interact with the
maltose binding protein, concentrated shock fluid
was subjected to chromatography as shown in fig.1.
It was found that no maltose binding activity was
eluted with starting buffer in the major peak of
protein unabsorbed by amylose. Elution with 10 mM
maltose resulted in the appearance of a peak contain-
ing about 20% of the applied protein. The second
peak could also be eluted by 10 mM maltotriose but
not 10 mM glucose, consistent with the known
binding properties of the maltose binding protein [1].
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Fig.1. Chromatographic separation of maltose binding
protein. A column, 9.5 X 2.6 cm, of crosslinked amylose was
equilibrated with 10 mM Tris—HCI (pH 7.2). Concentrated
shock fluid protein (60 mg) dialyzed against the same buffer
was applied. Elution with 10 mM Tris—HCI (pH 7.2) con-
tinued until no further protein was eluted from the column
and at the point indicated, the elution buffer was changed

to 10 mM Tris—HCI containing 10 mM maltose (pH 7.2). The
fraction volumes were 10 ml up to fraction 10 and 2 mi
thereafter.
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and in 0.1% SDS. From separate 7.5% SDS—
acrylamide gels calibrated with muscle aldolase

’ (40 000 mol. wt), ovalbumin (43 000 mol. wt),
serum albumin (68 000 mol. wt) and B-galactosidase
(130 000 mol. wt) a molecular weight of 40 000 was
obtained for the protein, consistent with the value in

(1}.
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Fig.2. Immunodiffusion test for the maltose binding protein.

The centre well contained antibodies raised against protein

retained by crosslinked amylose. The top outer well con-

tained 24 ug maltose binding protein purified by the method 80
in [1] and the two outer wells on either side each contained

25 pg of amylose-retained protein.

Three additional lines of evidence suggest that the
protein retained by amylose was indeed the maltose
binding protein isolated by conventional methods.

1. Antibodies raised against the newly isolated protein
were tested for cross-reactivity against protein
isolated by the method in [1]. In double diffusion
experiments, the antibodies reacted identically
towards protein prepared by either method (fig.2).

Relative fluorescence

E
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2. The fluorescence emission spectra of the newly
isolated protein were identical to those in [3]. The
characteristic quenching patterns and peakshifts
with maltose and maltodextrin were also observed

(fig.3).

3. The dissociation constant for maltose, estimated

i . 1 L.
from substrate-dependent fluorescence quenching, 20 =340 350 390
was 1.9 uM, consistent with values obtained from Wavelength (nm)
fluorescence [3] and equilibrium dialysis
experiments [14]. Fig.3. Fluorescence emission spectra of the amylose binding
protein, and the quenching effect of maltose and malto-
The purity of the protein eluted with maltose was dextrin. Line A: relative fluorescence of a 20 ug/ml solution

. . . of binding protein in 10 mM Tris—HCl, 2 mM MgCl, buffer
tested by acrylamide gel electrophoresis as shown in (pH 7.2). Line B: fluorescence in the presence of added

fig.4. A single band of protein was observed in gels mM maltoheptaose. Line C: further addition of 1 mM
run in the presence of 8 M urea, at pH 8.5 and pH 2.3, maltose.
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Fig.4. Scans of the purified maltose binding protein preparation after gel electrophoresis. All gels were loaded with 20 ug total
protein. Electrophoresis in the presence of: (a) 0.1% SDS, at pH 7.2; (b) 8 M urea, at pH 2.3; (c) 8 M urea, at pH 8.5.

4. Discussion Affinity chromatographic approaches have not

been as successful in isolating bacterial transport
Using crosslinked amylose, a simple purification of proteins. In the case of periplasmic binding proteins,

the periplasmic maltose binding protein has been an affinity chromatographic step has been used in the

developed. The protein isolated by this method was purification of the phosphate binding protein of

electrophoretically homogeneous and recovered in E. coli [15], but additional steps were necessary to

high yield. From fully induced cells, about 20% of get pure protein. The hisT protein of Salmonella

the protein in shock fluids was recovered as maltose typhimurium has also been partially purified using

binding protein; more than 12 mg pure protein could hydrophobic chromatography [16] .

be isolated from a 10 1late exponential culture con- In future, given that crosslinked amylose fulfils the

taining about 12.5 g wet wt bacteria. substrate-binding requirements of the maltose
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transport system, it should be possible to test whether [3] Szmelcman, S., Schwartz, M., Sithavy, T. J. and Boos,
other membrane-bound components of the system W. (1976) Eur. J. Biochem. 65, 13-19.

also interact with amylose. Such an interaction would (4] Hofnung, M. (1974) Genetics 76, 169—184.

offer a simple meth(?c! of purifying thesF ur}ifientified (5] ;’:2::‘3;;}3:' J‘T'ifﬁagb;‘:)a;; x Laﬁh:’l'::’ SHc.i.AL.JSRd7 3,
components. In addition, the ready availability of 3423-3427. -

large quantities of pure maltose binding protein (6] Hazelbauer, G. L. (1975) J. Bacteriol. 122, 206—214.
should facilitate studies of its properties and possible [71 Matsumoto, I. and Osawa, T. (1974) Methods Enzymol.
interaction with membrane components involved in 34,329-331.

[8] Ferenci, T., Boos, W., Schwartz, M. and Szmelcman, S.
(1977) Eur. J. Biochem. 75, 187-193.

[9] Heppel, L. A. (1969) J. Gen. Physiol. 54, 95s—113s.
[10] Weber, K., Pringle, J. R. and Osborn, M. (1972)
Acknowledgement Methods Enzymol. 26, 3~27.

[11] Johnson, W. C., Silhavy, T. J. and Boos, W. (1975)
Appl. Microbiol. 29, 405—413.

{12] Peterson, R. F. and Kopfler, F. C. (1966) Biochem.
Biophys. Res. Commun. 22, 388-392.

[13] Lowry, O. M., Rosebrough, N. J., Farr, A. L. and
Randall, R. J. (1951) J. Biol. Chem. 193, 265-275.

[14] Schwartz, M., Kellermann, O., Szmelcman, S. and

transport and chemotaxis.

We thank the North Atlantic Treaty Organization
for financial support.

References Hazelbauer, G. L. (1976) Eur. J. Biochem. 71,
167-170.
[1] Kellermann, O. and Szmelcman, S. (1974) Eur. J. [15] Gerdes, R. G. and Rosenberg, H. (1974) Biochim.
Biochem. 47, 139-149. Biophys. Acta 351, 77—86.
[2] Randall-Hazelbauer, L. and Schwartz, M. (1973) [16] Shaltiel, S., Ames, G. F.-L. and Noel, K. L. (1973)
J. Bacteriol. 116, 1436—-1446. Arch. Biochem. Biophys. 159,174-179.

217



