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1. Introduction

The envelope protein of E. _mﬁ »which is bovaﬂmﬂy
attached at its C-terminal end to the murein sacculus and

2. Materials and methods

2.1. Strains

E. coliW173-25/7 (abbreviated W7), 2 mutant which

- at its N-terminal end 10 fatiy acids, s called mvrein—lipo- :
- - can neither synthesize diaminopimelate {Dpm) nor con-

p:roiem. s struciure, conformation #nd respective at-

tackment sites have been studied in detall {1—3} and-
one could calculate that this murein-bound protein
makes vp about 10% of the cell wall in F. coli [4].

- Later it has been shown that the same lipoprotein can
also exist in a “free” form, i.e: not atiached to the -
muzein [3]. Unill now no information concerning the
localisation of {his *'free” form, which is present in
double the amcunt of the bound form, has been avail-
able. . .

In this pape;r we haw: stuthed the ﬁ:smbuﬁon of

lipoprotein betsrcen the gytoplasmic and ouier mem- -

~brane of E, coli separated accmﬂmg to Osborn [6].

- ‘Two approaches have been used: Tj radicactive tabel- -
ing of cells with the musrein Spe(31ﬁc component, di-

* aminopimelic acid, “chasing” * with cold amino acid .
‘and determining the radioactivity in the separated . -

< e_ytoplasrmc and outer membranes and if) deie:rmma— s

~tion of the immunological crossreaction in se"parated
membranes using anti-lipoprotein antiseram. -

“With these methods we were zble to show com:lu»' -

s:vely that the hpoproiem attached 1o the murein x-
“tends only into the puter membrane where the “free
,form could 2130 be shown 1o be 1ocahsed :

5 ,NaOH mcubateﬂ t 56 C fGI 1 fhr and carefn}ly :neu

“:North-Holland Pubiishing Compan

vert this to lysine (Dpm decarboxylase) [71, was used-
both for radinactive labeling and for Immunological ex-
periments. -

2.2. Labeling of the murein—¥poprotein complex with
{*H}dinminopimelic acid and preperation of ¢yto-
p]amzc and outer membmne :

oy -4 co]z W’? was grown in 'I:ypmne Broth | {Difee),
0. 5% NaCl supplememeﬂ with 0.33 pCi Dpm {3 pug)
mT Y. The labeled cultore was inen diluted with me-
dium containing non-radioactive Dpm and grown
furihes for seyerel generations before s separation of

- .. the outer and cytoplasmic memibrans on sperose den-
. sity gradients according to Osborn [6]: 25 drop ﬁ'ac- :
“tions were collected from the gradient and 50 pl ali-

quots were each diluted with 0.5 mi H; O for radio-

" activity measorement: The membrane peaks were. -
- diluted with H,0 and csl]ected by ceratnfuﬂahon ai .v~ -
- 14(1000g for ?.hI. e - A : L

' -.'?.3 Alkalmalu bzl;sam;z u ; lzpapmzem zmd mezr b,nmes

5 g hpoprotem were taken np in 0.5 ml D..l M
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2.4. Coating of erythrocytes with lipoprotein or
“solubilized™ membranes

Buman erythrocy tes were washed three times with
cold buffered saline (100 ml 0.9% NaCl, 23.9 ml 0.15
M KH,PO,, 76 ml 0.15 M Na, HPO,) and 0.1 ml of
the viscons pellet was taken up in 10 ml of this buffer
containing 400 jg alkali-treated lipoprotein or an ap-
propriate amount of alkali-treated membranes. The
suspension was incubated at 37°C for 1 hr which re-
suited in a coating of the erythrocytes with lipopro-
tein without the addition of a coupling agent. The
coated erythroeytes were washed three times with
phosphate buffered saline {for passive haemaggintin-
ation) and with isotonic Veronal pH 7.3 [8] {for im-
mune haemolysis inhibition).

2.5. Impmurne hasmmolysis inhibition

Lipoprotein-coated erythrocytes were suspended
in 0.15% bovine serum albumin in Veronal-buffered
saline such that 0.1 ml of the cell suspension in 1.4
ml Ha O gave an absorbance of 1.3 at 405 nm. Guinea
pig complement {Serva) was also diluted in Veronal-
Nz} pius albumin such that, under the assay condi-
tions, 5 times diluted antisernm cansed approx. 20%
haemolysis. The complement solution was stored at
—20°C for no longer than 1 month. Endogenous com-
plement present in the anti-lipoprotein antiserum was
destroyed by heating at 56°C for 1 hr.

The assay was carried out as described in [9, 10].
In shori, a doubling dilntion series of antisernm, with
erch sample having a volome of 0.2 ml containing 2
g muropeptide, is set up. 0.1 ml of an approprinte
ditution of alkali-treated lipoprotein or membrane is
added and incubated at 37°C for 15 min with genile
shaking. Then 0.1 ml erythrocyte suspension followed
by 0.1 m] complement solution is added and incubation
at 37°C is continued for 30 min with vigorous agitation.
Each sample is then diluted with 1 ml cold Veronal- '
NaCl, centrifuged at 5000 g for 10 min and the ab-
sorbance of the supernatant at 405 nm measored.
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3. Results and discussion
3.1. Distribution of the “bound’’ form

Since £ coli W7 can neither synthesize diamino-
pimelate (Ppm) nor decarboxXylaie it to lysine, radio-
active Dpm in the medinm can only be used for murein
synthesis. When such labeled cells are **chased™ with non-
radioactive Dpm, the radioactivity is localised exclusive-
ly in the murein and is no longer present in the cyto-
plasm or cytoplasmic membrane in the form of free
Dpm or murein precursors. Digestion of such chased
cells with lysozyme followed by washing and separa-
tion of membranes according to Osborn [6] results in
removal of about 80% radicactivity in the form of
muropeptides. The remaining 20% is not washed away
because it is lipoprotein bound: i.e. the “bound™ form
of the lipoprotein has been specifically labeled. When
we look at the distribution of the remaining radioac-
tivity between the cytopiasmic and outer membrang,
it is seen that only 5—10% is in the cytopiasmic mem-
brane, an amount which can be accounted for by con-
tamination from the ocuter mernbrane. This distribution
of the radioactivily indicates conchigively that the
mnrein—lipoprotein projects from the murein towards
the onter membrane and not owards the cyioplasmic
membrane or in both directions as conld previously
have been imagined, i.e. possibility (=) in fig. 1 iscon-
firmed to be correct.

3.2. Distribution of “total” lipoprotein

Lipoprotein, prepared from a lysozyme digestion
of purified murein—lipoprotein complex [11], was
used to prepare antiserum in rabbits. The immuniza-
tion method for lipoprotein was adopted from the
preparation of antilipopolysaccharide antisera [12]
by H. Mayer. The anti-lipoprotsin antisera prepared
in this way from pure lipoprotein exhibited rather
Jow titres which wers, however, sufficient for our

‘purposes, Since the Epoprotein antigen contains a

muropeptide dimer and we are concerned only with
the detection of the protein portion excess muropep-
tides are present in all €xperimenis to inhibit anti-

- muropeptide antibodiss present (20%).



Volume 34, number 2

FEBS LETTERS

Aungnst 1973

aQ b

outer membrane

cytoplasmic
membrang

<

Fig. 1. Schematic representation of the possibilities concerning the direction of projection of lipoprotsin from the murein. The
spotied area represents cytoplasmic membrane, the lined area onter membrane, and the heavy iine betwsen them repzesenis the
mrein. The thres possibilities a), b), and <) show possible directions in which the murein-bound lipoprotein could praject.

Two methods were used {0 assay the extent of im-
mnological cross-reaction in the cytoplasmic and outer
membrane of E. coli W7 cells. The first, passive hasmag

-glntination, was carried out as described in {13} and the
results are shown in table 1. Considering the direct de-
termination of lipoprotein in membranes coated on
erythrogytes {fable 1a), it can be seen thai the ouler
membrane () gives rise to higher titves than the cyto-
plasmic mermbrane {1, *+ L, ). Comparison of the
amounts of membranes used reveals that the differ-
ence in titre is of the order of 8—16. Since, in this
type of experiment, the titre does not increase linsar-
Iy with the amount of £. coli membrane on the ery-

throcytes, it is rather difficult to be certain that this
difference in titre treflects the relative amounis of
lipoprotein in the ouler and cytoplasmic membranes.
However, further experimenis have shown that this
is, in fact, the case. Table 1h gives the resulss of in-
hibition experiments in which the aniiserum is incu-
bated with different amounts of alkali-treated mem-
branes before determimstion of the antilipoprotein
aciivity by passive hasmagpglutination. The activity
remaining, expressed by the titre, reflects the amount
of lipoproiein prosent in the membrane used for in-
hibition. Again, on comparison of the cmounts used,
it can be seen that the onler membrane reduced the

Table 1
Dezermination of fipoprotein in the cyioplasmic and cuter membrane of E. coli W7 by passive haemagginiination.

a) Dirsct determination of lipoprotein in . ¢oli membranes
{H = onter membrane, 1. = Ly + Ly = cytoplasmic membrane)
coated on the surface of human eryvthrocyies.

b) Determination of ¥poproiein by previous absoerption of
the antiserum with E. coli membranes {compestition experi-
menis).

Membranes Relative E.colf membrane  Reciprogsl Membranes Relative E. coli membrane  Reciprogal
amounts #g proisin titre amonnt Mg protein present  ire
in each hole in 30l As
B 4 2 128 H 4 100 2
H 2 1 128 H 2 S50 4
H i 0.3 &4 B 1 25 8
L 4 0.8 38 B 6.2 5 16
L 2 0.4 8 L 3 70 32
L 1 0.2 8 L 4 35 32

a]) Aliquots of erythrocytes coated with alkali-irsated membranes were added to each sample of a doubling dilution series of muro-. .
- peptide-treated {5 mg/ml) antidipoprotein antiserum. The figures concerning the amounts are such that we have assumed com-
plete adsorption of £. eoli membrane protein to the erythrocyte surface. In the table they are given in relaiive amounts, that is
aliguots of the outer and inner membrans, and in absclute amounts expressed in ug £. cofi membrane protein present in the
‘erythrocyis suspension added 1o each fraciion of the antisernm dilntion series. The titre, measored after nmzubam‘.m a1t 37°C for
1 hr, is thai final dflution of antiserum which still canses apghatination of the erythrocyies.
b) Appropriate amounis of alkali-treated E. colf inambranes were added o 0.1 ml samples of mmsumm p@-absr sbed with 5 mgfml
- mmuropeptides. After incubation at 0°C for 1 hr, a doubling dilution sexies was set up and tesizd for remaining anti-dipoprotein .
activity -with alkali-treated lipoprotein fixed o erythrocytes. In the tatle the amounts of mesbranes nsed are given in relative
" amounts and in absolute amounts expxassed in np membrane p:ib‘ﬁe.n ;presem in that volums of an' n’:emm u{.:lﬁ pl) used 10 start

the dﬁ'ﬂ hDﬂ SEHCS
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Fig. 2. Immune hasmolysis inhikition. The assay was carried
out as described in Methods. Each sample was s21 up in dupli-
cate topether with controls lacking complement or antisernm
or both. The differance in area between the 100% cuzve {no
lipoprotein presenty and the curves obiained when the enti-
serom dilutions are previously incubated with 0.1 pgand 0.2

g lipoprotein is proportional to the amnnnt of antibody
bound.

Table 2

Determination of lpoprotein (LP) in separated cytoplasmic (L)

and onter (H) membranes by immune hacmolysis inhibition.

Added )

Relative Amilipopro- Amount of
substance curve area  tein bound LP present
%) : (agd
LP 0.05 BD.& 18.5
LP : 0.1 70 30
LP D.2 a9 31
L 1 93 35 )
L 2 87 13 >0.03
H 0.5 59 31 0.1
H 1 49 51 02

Immuene haemokysis inhibition was nerformed as described m
Methods and the % anti-lipoprotein antibody bound was cal-
eulated. By comparison 1o standard enrves obtained with
known amounis of ipoprotein, the amount of lipoprotein
present in the added membranes was deduced.

titre 16 times more than the cyvtoplasmic membrane.
This can cautiously be interpreted as mieaning that it
' contains an order of 16 times more lipoprotein.
- The second immununological method which 'we -
~used was immune haemolysis inhibition which, in our |
- hands, was a more sensitive assay ‘giving more guaniti
tative results. Fi ig. 2 shows the haemolysis m}nbmtm .
caused by different amounts of Eipoprotein and table

Rty
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2 summarises the results obtained using alkali-treated

cytoplasmic and outer membranes as inhibitors. It can
be seen that 2 ug cytoplasmic membrane contains less
than 0.05 ug lipoprotein, i.e. below 0.025 pg LP/ug
membrane protein. Outer membrane, on the other
hand, contains 0.2 ug LP/ug msmbrane protein. One
has to consider that the cytoplasmic membrane makes
up only 30—40%of the total envelope protein and one
can therefore caleulate that below 8% of the total lipo-
protein is in the cytoplasmic membrane. Again this is
an amount which can be accounted for by contamina-
tion from the outer membrane.

In sumumary , from the experiments described he:ne
one can conclude that the lipoprotein atiached to the
mmurein extends only into the outer membrane and that
the “free form™ is also localised in the outer membrane.

Acknpwledgements

We thank Dr. B. Mayer, Max-Planck-Institnt fiir
]mmunbmlmgle Freiburg, for his introduction into
mmunological methods. Part of this work was sup-

~ perted by the Deutsche Forschungsgemeinschafi.

References

111 Braom, V. and Bosch, V. (1972) Proc. Natl. Acad, Sci.
1.8. 69, 970.
121 Brann, V. {31973) J. Infect. Diseases, Suppiemeni. Vol,
July issue.
13) Hantke, K. and Bz:an:n ¥, {1973) Enropean J. Biochem.
34, 2R84.
{21 Braun,V., Rehn, K. ar.d Wolff, H. {1570) Biochemistzy
9,504
153 Inoxye, M., Shaw, J. and Shtn, C.{1972) 3. ] Bm} Chem.
247, 8154, '
16] Osbom, M.3., Gander, J.E., Parisi, E. anﬁ Carson, J.
{1972) 1. Biol. Chem. 247, 3962. .
- 171 Hartmann, R., Hole, 3.-V. and Schwarz, U. a7y
“Nature 235, 428.
8] Kabat, E.A. and Mayer, M.M. {1961} in: Expanmemzﬂ
]mmunochemmi:y, 2nd eﬁ ,p. 149 ‘C..... Thomas,
' Springfield, M. -
191 Arguilla, E.R., Bromer, WW, and ‘Meniﬂa D. (1’969)
Disbetes. 18, 193,

R 0] Axquilla, E.R., Hamlin, J.,Hamas’hxge 5. and- Mﬂlex, A,

(1964 J. Exptl. Med, 120, 851,

, 111] Braun, V. and Wolff, H. (1970) E;iopem LR B:mchem,. '

14,387, -

= 112] Beckman, L., Ludentz D. and Weszphal . (19b4)

Biochem. Z; 339,401, . o

";7113] Kabat, E. A, and Mayer, M.M. {(1961) in; Experimental

lmmunochemxstry, i2nd Ted., p. 119 C.C. Thomas, . -
. -Springfield, T co TR T



