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Short Cornmunication 

Mapping of a Gene for a Major Outer Membrane Protein 
of Escherichia coli K12 with the Aid of a Newly Isolated Bacteriophage 

C. Verhoef, P.J. de Graaff, and E.J.J. Lugtenberg  

Department of Molecular Cell Biology, Section Microbiology and Institute of Molecular Biology, 
State University, Padualaan 8, Utrecht, The Netherlands 

Summary. A method is described for the enrichment 
of phages which can adsorb to a specific determinant 
of bacterial cell surfaces. A phage was isolated which 
adsorbs to E. coli cells containing the "major  outer 
membrane"  protein c but not to strains that are lack- 
ing this protein. With the aid of this phage a gene, 
meoA which is responsible for the lack of  protein 
c was mapped at 48 min on the linkage map of E. coli 
K12. 

The outer membrane of Enterobacteriaceae contains 
protein, lipopolysaccharide and phospholipid 
(Schnaitman, 1970; Osborn et al., 1972). Using SDS 
(sodium dodecyl sulphate) gel electrophoresis the 
protein fraction can be resolved into a small number 
of  bands. One of  these bands contains 70% of the 
total outer membrane protein and therefore was de- 
signated as the "majo r  outer membrane pro te in"  
(Schnaitman, 1970). Later on it was shown that this 
major outer membrane protein of Escherichia coli 
K12 could be resolved into two bands (Henning et al., 
1973; Schnaitman, 1974). In a recent paper from our 
laboratory the resolution of the "major  outer mem- 
brane prote in"  into four distinct protein bands, a, 
b, c and d, has been reported (Lugtenberg et al., 1975). 

In this paper we report the isolation and partial 
characterization of a phage which can grow on strains 
of  E. coli K12 that possess protein c but does not 
adsorb to strains that are lacking this protein. With 
the aid of this phage the map position of a gene 
which is responsible for the lack of protein c was 
determined. 

Enrichment, Isolation and Characterization o f  a 
Protein c Specific Phage. For enrichment and isola- 
tion of the phage two strains were used: strain 
CE 1036, which lacks outer membrane protein c (Lug- 

tenberg et al., 1976; van Alphen et al., 1976), and 
strain CE 1061, which is a c § recombinant derivative 
of strain CE 1036, as was shown by gel electrophoresis 
(Lugtenberg etal. ,  1975). The effluent of a sewage 
disposal plant was centrifuged and sterilized with 
chloroform. The water contained about 1000 E. coli 
phages per ml. Cells from strain CE 1036 growing 
exponentially in Brain Heart infusion were harvested, 
suspended in 5 ml of the water and incubated at 37~ 
After 10min the cells and adsorbed phages were 
removed by centrifugation. Five ml of twice concen- 
trated growth medium and 1 ml of overnight culture 
of strain CE 1061 were added to the supernatant. 
After incubation at 37~ for two hours the culture 
was centrifuged and the supernatant was again satu- 
rated with exponential phase cells of strain CE 1036. 
After 10 min of incubation at 37~ the cells were 
removed by centrifugation and the supernatant was 
sterilized with chloroform. Various dilutions of the 
resulting phage suspension were mixed with 0.1 ml 
of a late logarithmic phase culture of strain CE 1061 
and plated in soft broth agar. From the resulting 
plaques 50 were tested for phage growth on strains 
CE 1061 and CE 1036. One phage was found which 
could be propagated on strain CE 1061 but not on 
strain CE 1036. This phage, designated as Mel,  was 
purified twice in succession by picking a single plaque. 
In a reconstruction experiment phage Mel  was mixed 
with phage T4 in a proportion of one to ten thousand 
particles. After incubation with cells of strain CE 1036 
during 10 rain at 37~ and subsequent centrifugation, 
one out of a hundred phages in the supernatant was 
Mel.  

The plaque morphology of  phage Mel  was very 
similar to that of the T-even phages in that clear 
plaques of  moderate size with a narrow halo were 
observed. 

In a one-step experiment in which phage Mel was 
growing on strain CE 1061 in Brain Heart infusion 
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at 37~ under aeration, a latency period of twenty 
minutes and a burst size of forty were found. _=.-~ 

The morphology of purified phage particles, as 
judged by electron microscopy, was similar to that 44 
of T-even phages. A further similarity with phage 
T4 was found in the velocity of sedimentation in 20- 
50% linear sucrose gradients. After 2 h of centrifuga- 
tion in a Beckman SW27.1 rotor at 23.500 rpm and 
10~ both phages Mel and T4 were found at a su- 
crose concentration of 39%. As Mel  and T4 have 
the same shape as well as the same sedimentation 
velocity, the results strongly suggest that phage Mel 
has the same density as T4. 

The plaque forming ability of phage Me l on a 
number of E. coli strains and other gram negative 
bacteria was tested. E. coli C and all E. coli K 1 2  
strains tested, except the c-  strains CE 1036 and P 692 
(Davies and Reeves, 1975 ; Henning and Haller, 1975), 
propagated the phage, whereas E. coli B (c- ,  Lugten- 
berg et al., 1976) did not. Of other gram negative 
bacteria tested (Alcaligenes, Citrobacter, Enterobacter, 
Klebsiella, Proteus, Pseudomonas, Salmonella, Serra- 
tia and Shigel!a), only Shigella propagated the phage, 

Phage M e l  Resistant Mutants. Thirteen independent 
spontaneous Mel resistant mutants were isolated 
from strain PC 0479 (a polyauxotrophic derivative 
of K12, Phabagen Collection, Utrecht University). 
After isolation of their cell envelopes it was observed 
that ten mutants were missing protein c. These mu- 
tants could be divided into several classes when the 
amount  of protein b is considered, the latter being 
about normal in amount, increased, strongly de- 
creased or apparently absent. Of the three Me1 resis- 
tant mutants which still contain protein c one had 
a protein pattern similar to that of the Me1 sensitive 
parent strain whereas the other two contained a 
strongly decreased amount of c. None of the mutants 
showed significant adsorption of the phage under con- 
ditions which allow the parent strain PC 0479 to ab- 
sorb 99% of the phages (10 min at 37~ 3 x 10 s cells 
per ml; multiplicity of infection 10- 3). 

Localization of  a Gene that Determines Resistance 
to Phage Mel .  Genes involved in sensitivity to Mel  
are designated meo (Me-one). One of the Mel resis- 
tant mutants of strain PC 0479, lacking protein c and 
containing a normal amount of protein b, was used 
in the mapping experiments. This mutant, strain 
CE 1062 meol, was crossed with various Mel sensitive 
Hfr-strains. Selected recombinants were tested for 
sensitivity to Me1. The results showed that Hfr KL98, 
but not KL96, is able to transfer meo + as an early 
marker to part of the recombinants. Therefore the 
meo gene in strain CE 1062 meol must be located 
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Fig. 1. Chromosome segment of E. coli K12 (Bachmann et al., 
1976). The origins and directions of transfer of  Hfr KL96 and 
Hfr KL98 are  indicated by arrows (Low, 1972). The origin of 
Hfr KL96  was located between his and fpk as strain KL96 does 
not transfer fpk as an early marker  (unpublished observation). 
The meoA gene in strain CE 1062 meo~ is located about  0.3 rain 
clockwise (i.e. to the right) from nalA 

between the origins of Hfr KL98 and Hfr KL96, 
i.e. the chromosome segment between 46-51 min on 
the genetic map (Fig. 1) (Bachmann et al., 1976). A 
more exact localization was carried out by crossing 
Hfr KL98 nalA and a metG derivative of strain 
CE 1062 meol. Recombinants were selected for the 
distal his + allele (Fig. 1), and counter selected by 
means of streptomycin (100 gg/ml) in the agar. Six 
hundred and nine his + recombinants were scored for 
the three unselected markers. The linkage frequencies 
of the unselected markers metG, naIA and meol with 
his were 79, 69 and 64% respectively, suggesting the 
order his-metG-nalA-meot. Calculations of linkage 
frequencies predicted a close linkage between nalA 
and meol. Therefore, a transduction experiment was 
carried out in order to test the cotransducibility of 
these two loci. After transduction of strain CE 1062 
meot with a Plvir lysate of strain KL98 naIA and 
postaeration for 90 rain, 280 naIA transductants were 
selected and tested for sensitivity towards phage Mel.  
One hundred transductants were meo +, showing a 
cotransduction frequency o f  35% for nalA and meol. 
Cell envelopes were prepared from five phage resis- 
tant and five phage sensitive transductants. After gel 
electrophoresis it was found that all Mel  resistant 
transductants were missing protein c, whereas all Mel  
resistant transductants contained this protein. Co- 
transduction between meo~ and metG or pyrF could 
not be detected. 

Three other Mel resistant mutants were also 
tested for cotransducibility of meo with naIA, namely 
strain CE 1036, 'which lacks protein c and the two 
strains, with mutations meo 2 and meo3, with strongly 
decreased amounts of  protein c. After transduction 
with the Plvir lysate of strain KL98 nalA and selection 
for nalidixic acid resistance, it was shown that in 
strains CE 1036 and meoz phage sensitivity was co- 
transducible with naIA. The meo3 mutation was not 
cotransducible with naIA. These results show that 
more than one gene can cause Mel resistance and 
also that a certain protein pattern does not necessarily 
correspond to a mutation in a single gene. We propose 
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the gene symbol meoA for the gene that determines 
Mel  resistance in strain CE 1062 meo 1. 

The described procedure for the enrichment of 
a phage that is poorly represented in a population 
of E. coli phages is very powerful as was shown in 
the reconstruction experiment. It can be applied for 
the isolation of a phage which uses a certain cell 
surface component as a receptor provided that (i) 
such phages are present and (ii) cells are available 
which lack this cell surface component. 

Phage Mel is similar or possibly identical to 
phages PA-2 and TuI described by Schnaitman et al. 
(1975) and Schmitges and Henning (1976) respective- 
ly. Phage PA-2 (Schnaitman et al., 1975) shows a 
strong similarity with phage Mel in its host range. 
E. coli B, as well as E. coli K12 colicin tolerant mu- 
tants of class to l4  (f.i. P692), all lacking protein c, 
are resistant to both phages. Phages PA-2 and Mel 
differ however in that PA-2 has a lambdoid morphol- 
ogy and is able to lysogenize E. coli K12. Phage TuI 
is very similar to phage Mel  as (i) both phages have 
an electron-microscopic appearance similar to that 
of T-even phages, (ii) its host range, as far as was 
tested, is identical to that of Mel,  and, ( i i i )phage 
resistant mutants yield similar classes with respect 
to their outer membrane protein pattern. 

The results described in this paper provide strong 
evidence for the idea that protein c is the receptor 
or part of the receptor for phage Mel.  (i). E. coli 
strains which possess protein c are sensitive whereas 
E. coli B and K12 mutants CE 1036 and P692, which 
lack this protein, are resistant. (ii). The majority of 
spontaneous Mel resistant mutants lacks protein c. 
(iii). Me 1 sensitive and resistant transductants contain 
and lack protein c, respectively. 

The possibility that protein c is not the receptor 
cannot be excluded. In that case, protein c must obvi- 
ously be essential for the synthesis, translocation, inte- 
gration and/or localization of the elements of such 
a receptor. 

The observation that Mel resistant mutants lack- 
ing protein c or containing only a small amount  
of protein c apparently map in the same position 
might indicate that depending on the degree of lea- 
kyness of a mutation, mutants with different outer 
membrane profiles can be obtained. So far we have 
shown that at least one type of Mel resistance is 
not cotransducible with nalA. Also the mutation in 
strain P692 is not located near nalA (unpublished 
observations and P. Reeves, personal communica- 
tion). The, finding that more than one gene is involved 
in the " of protein c appearance in the outer membrane 
is promising for the understanding of synthesis, reg- 

ulation, translocation and integration of a membrane 
protein. Further genetic experiments with these mu- 
tants are in progress. They might also contribute to 
the understanding of the relation between proteins 
b and c, discussed by Schmitges and Henning (1976). 
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