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1. Introduction

The identification of periplasmic binding proteins
as components of bacterial transport systems has pro-
vided a means to study the entry of small molecules
into cells at the molecular level. A number of binding
proteins have been identified with specificities for
amino acids, carbohydrates, inorganic ions, nucleic
acids and vitamins [1—-9]. The exact manner in which
such molecules function in the transport process is
unknown, however they are assumed to serve as
recognition units which impart specificity and,
possibly, alter the kinetic parameters of membrane
bound units which translocate the substrate from the
environment to the cytoplasm [10].

A number of properties appear to be common to
periplasmic binding proteins as a group. Notably,
they are all released by osmiotic shock, have molec-
ular weights of about 30 000 and recognized their
respective ligands with affinities of approximately
1 um molar [7,11]}. Two binding proteins, the ribose
and galactose receptor of Salmonella typhimurium
have been shown to interact with the same signalling
component in the chemotactic system of that
bacterium [12]. Thus it would appear that a binding
region in the three-dimensional structure of the two
proteins is highly similar. Nevertheless, it has been
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found that there is little cross reaction between the
proteins [13]. Antibody directed against the galac-
tose receptor of Salmonella typhimurium cross reacts
with the galactose receptor of E. coli, but does not
cross react with the ribose receptor of Salmonella.
On the other hand, antibody directed against the
arabinose binding protein of E. coli cross-reacts with
galactose binding protein from the same source [13].
The fact that these proteins carry out similar
functions in similar environments and yet have
clearly different specificities makes their primary
amino acid sequence of particular interest. We have,
therefore, initiated a study on the amino acid sequences
of various carbohydrate binding proteins to deter-
mine the degree of similarity and the degree of differ-
ence for these proteins carrying out similar functions.
The comparison of the arabinose and galactose bind-
ing protein of E. coli and the arabinose and galactose
and ribose binding proteins of S. typhimurium is
described.

2. Materials and methods

The arabinose and galactose binding proteins (ABP
and GBP) from E. coli and S. typhimurium were
purified as described by Parsons and Hogg [14]. The
ribose binding protein (RBP) was purified as described
by Aksamit and Koshland [15]. Amino terminal
sequence analyses of the arabinose and galactose
binding proteins were determined on reduced and

377



August 1977

FEBS LETTERS

Volume 80, number 2

na}

na dsy 847 419 w1V

naq

s£1 dsv By

547 dey ey

o1I[e1V|s41 dey [wp (®A 298 0 |e

s41

naq 64T A19 wiy 847 dsy

019 LT

419

dag n1p ayging

H [
TV 119 841 Ul e1v{d1nidey

[ S—

aug

"suraroxd Jurpuiq asoqu pue 3soraefed ‘asouIqeIe ayj Jo soouanbas TeUTWI-ouTy | Sty

~v>“.mww. x9g| 23K |ayd |usy dsy dsy 14j sy
)

187 Eummz day iyl dsyiery 493

11 I4L

usy usy nar 195 TI|TEA D2T|8LY 91 [1yl dsv|s&T aed

i
mhi:mﬂ zog| 1ea| oyd [oug

sydfdar nio nid oag uip sL LEA Dafoyd na g1 ne] usy niy  JEV

499

na 7 1ag ey U [ ayy dsy s£1 a94

-

]
ﬁﬁ.m N7 USY N1H 4V

diy nin iyl nga e

[¢H ¢l 01 s

378



Volume 80, number 2

S-pyridylethylated protein by the procedure of
Edman and Begg [17] as modified by Hermodson

et al. [18]. The PTH amino acids were identified by
gas or thin layer chromatography with the exceptions
of PTH-His, PTH-Arg and PTH-Cys which were iden-
tified by spot tests on paper or thin-layer chromatog-
raphy.

3. Results and discussion

The amino terminal sequences of three carbo-
hydrate binding proteins are presented in fig.1 A and

B in two different alignments of the primary sequences.

As can be seen in fig.1A, there are five identities in
30 residues when comparing the ribose binding
protein with the arabinose binding protein and three
identities in 24 residues comparing the ribose binding
protein with the galactose binding protein. These are
well above statistical error although only small por-
tions of the sequence have been examined. If one
now allows deletions in the sequence, the number of
identities between the ribose binding protein and the
arabinose binding protein as shown in fig.1B is eight
identities in 31 residues and eight identities in 25
residues for the comparison of the ribose binding
protein with the galactose binding protein. Again this
is above statistical chance.

Other than these identities the sequences bear
little similarity to each other, thus suggesting a degree
of difference and a degree of similarity which may be
intriguing. It might be expected that those portions
of the proteins molecule which carry out similar func-
tions, such as interacting with the transport machinery
may be more similar than the portions at the amino-
terminal end of the molecule.

The arabinose binding protein, isolated from
S. typhimurium and E. coli are identical with respect
to the amino terminal eighteen residues. The com-
plete amino acid sequence of the arabinose binding
protein of E. coli has been determined [19]. and when
compared to a preliminary amino acid analysis of
Salmonella arabinose binding protein a significant
difference is apparent. It can therefore be concluded
that differences in the amino acid sequence do occur
elsewhere in the molecule. The galactose binding
protein isolated from Salmonella and E. coli are iden-
tical within the first twenty amino-terminal residues.

Only ABP coli has been completely sequenced and
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further comparisons must await the completion of
the sequence analysis of the ribose and galactose
binding proteins. Completion of the sequence of
other binding proteins (e.g., leucine, histidine or an
ion-binding protein) would allow a broader inter-
pretation of any homologous areas.
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