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1. Intredection

The cell envelope of gram-negative bacteria includes
an cuter membrane structure (OM) which acisas a
barrier to certzin small molecules, most notably some
deiergents and antibiotics [1—-3]. The permeability
aof the OM has been siudied in detail [4—7] ; uncharged
moiecules mol. wt ~= 800 pass through, but higher
molecuiar weight solutes tend to be excluded. The
OM of gram-negative bacieria contains 2—4 major
proteins {mostly associated with peptidoglycan} with
some variability between species, strains and method
of protein separation. In Escherickin coli K12 there
ate four major proteins: a, b, ¢, d (rotation [8,9] ).
Three of the OM proteins of Salmeielle cyphimuriem
are responsible for conferring permeability on the
OM [5.,6]. Termed ‘porins’, they weze suggesied o
form hydrophilic pores or channaels through the mem-
brane [8,10].

Between the outer and cytoplasmic membranes are
located z group of mostly degradative enzymes [11].
The substzates of these “periplasmic’® enzymes must
readily pass through the outer membrane. However,
even though the OM is readily permeable to such
substrates, these enzymes show slightly reduced
exprossion in intact cells relative to exiracis [12—-14],
indicating that the OM is, nevertheless, a partial barrier.

We have reported §13,14] mutants, termed
‘cryptic’, in which the expression of some periplasmic
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enzymes is reduced in intact cells. It was shown that
crypticity is due to 2 much reduced permeability of
the OM to the substrates of thesc cnzymes, rasuiting
from a lack of one ar two of the major proteins
{proteins b andfor ¢). The electrophoretic resolution
in this study did not permit us to determine which
of ihese proteins were involved, but provided in vivo
evidence for one or hoth of these proteins functioning
as porins.

QOur study was mainly concerned with crvopricity
of periplasmic nucleotidases. Cryplictiy (owards
periplasmic #lactamase in mutants of Sefrmonell:
ryphimurion lacking *poring’ has been reported {15].
These findings provided further in vivo evidence for
the roie of the OM proteins in determining perme-
ability of the OM.

Ws now preseut evidence that mutants isolated in
various laboratories and by differeat methods but all
lacking OM proiein b are impaired in the penctration
of 5'-AMP through the OM. The permeability towards
adenosine is also aifected, though {0 a lesser degree.

2. Materials and methods

2.1. Organisis

F. coli stzain AB:157-1 (parental), 5A-1 {ush ™)
and 3-4 Ceryptic’) have been describad {13,14].
Strain 3—4 lacks protein b but retains ¢ {Vun Alphen
et al., submitted). Toe selection of this strain was
based on its inability to dephosphorylate exogenous
3-AMP [13].

Strains JC7620 (parantal), PC2040 and PC2041 are

i33



Volume 85, number 1

from Lugtenberg’s laboratory (suppiied by Miss H. 8.
Felix, Phabagen Collection); the [atter iwo mutants
lIack protein b; they were isolated as resistant mutants
to phages T3, T4 and T7 [16].

Strains W1485 (parental), W1485Pari and
W1485Paril come from Scinaitman’s !laboratory. The
two mutants lack proiein c; they were isolated Gy
their resistance to phage PA-2 117].

Strains P400 (parental)} and P530 are from RBzeve’s
iaboratorv {(supplied by Henning); P530 lacks both
proteins b and ¢ (Lugtenberg, personal communication;
[18]). P530 was selected as a colicin resistant mutant

{185,

2.2. Media
M9 miniinal medium was used {13,20f.

2.3. Uptake of labeiled substrares

Uptake of labelled substrates was measured as
described [14,20] . The concentration of substratcs
was | p in fig.i and 0.5 gM in figs 2 and 3.

3. Results and discussion

The reduced breakdown of 5"-AMP by intact cells
was originally used to study ‘cryptic’ strains such as
3—4 {13]. However, the uptake of 5"-AMP by intact
cells was later found to be more convenient [I14]; the
uptake of the adenosine moiety is sclely dependent

80 200
s'- amP

g wol 200
E
=
w3
=
o=
30

.

FEBS LETTERS

Adanosine

January 1978

" i

; 0 20
minuies

Fig.1. Uptake of 5'-{ *H] AMP by mutant and patental & cofi
straing. These experiments were carried ont in supplecmented
minimal medium containing 0.2% casamino acids. 1A, (X)
P400 (pazental); (o) P530; () ABL157-1 (parental); (») 3—4.
1B. (=) W148S5 (parental); () W1485PasI; (») W1485Paxil.

on breakdown of 5'-AMP by 5'-nucleotidase [20].
Thus, one feature of the ‘cryptic’ phenotype is the
dramatic reduction in uptake of 5'-AMP by intact
cells despite the ‘crypiic” presence of active 5 -nucleo-
tidase. {The mutants were selected for their resistance
to AMP plus 5-flucrouracit [13] ) Cleardy if this is
due to alack of one of the OM proteins, then indepen-
dently isolated deficient mutanis shouid aleo he
impaired in uptake of 5'-AMP. Such mutants have
been isclated as phage or colicin resistant clones
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Fiz 2. Uptake of [*H]AMP, {¥Cladenosine and [**Cladenine in siutant and parental strains. (9) JC7

(o) PC2041.
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Fig.3. Same as in fie.2. (e} AB1157-1 (pazental); (5) 3-4; (X} SA-1 (usi}

[16--19.21,22] and by selection for copper resistance
[23] (see also section 2.1.). We have tested mutants
deficient in proteins b or ¢ or both. All mutants lack-
ing b (P3320, PC2040, PC2041 and 3—4} show greatly
reduced uptake of 3'-AMP (figs 1A, 2 and 3). Mutants,
however, which lack only protzin ¢ (W1485Pasl and
W1485Parll) did not show this irait (fig.1B). These
resulis show that protein b and not c is involved in
the formation of porins which eniable the passage of
5'-AMP through the OM.

Since it thus seemns that the cuter membrane is less
permeable to 5'-AMP in protein b-deficient strains,
the question arises as to whether permeability to
adenosine or adenine is affected. Figures 2 and 3
show that a number of the sirains having greatly
reduced uptake of 5°-AMP also show reduced upiake
of adenosine, bt to alesser degree; uptake of adenine
is not affected. As well as the parental sirains, a 5'-
nucleotidase-deficient mutant strain (resfe ") §13,20]
is also included as a cantrol. This strain prediciably
shows no uptake of the adenosine moiety of 5'-AMP
(gg.3) (20}, but is unimpaired in adenosine vptake.
It is notable in this connsction that some fsx~ mutants,
which also izck an OM proisin, show impaired uptake
of adenosine and other nucisssides [24] . Thus the
uptake of adenosine can seemingly proceed viz at
least two proteins in the OM.

In summary, 2 variely of mutants lacking protein b
are impaired in the uptake of 5°-AMF and adenosine.
in conjunction with other studies {[4—7,15.22,23 24} ;
WVan Alphen et al_, submitted), we interpret this as

further in vivo evidence that this pretein is involved
in promoting the permeability through the ouier
membrane.
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