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1. Introduction

The outer membrane of Gram-negative bacteria
is unique in that it contains lipopolysaccharide (LPS)
and is tightly associated with peptidoglycan [1].
Phospholipid is not required for the structural
integrity of this membrane [2], indicatinz that the
fluid mosaic model of Singer 2nd Nicolson [3] may
not adequately describe its structure. While the
inner, cytoplasmic membrane of £. coli is composed
of a large number of protein components, the outer
membrane contains less than a dozen major proteins
[1]. The unique praoperties and the simpl2 protein
composition of,the outer n:ambrane mak= it an
interesting system for study.

The properties of only a few outer membrane
proteins from E. coli have been described. The amino
acid sequence of the lipoprotein whicli attaches the
outer membrane to the peptidegtycan has been
determined [4] . The protein receptors for colicin
E3 [$], and for both phage TS and colicin M [6]
have recently been purified. Phospholipate A,
activity has been localized to the outer membrane [7].

In this communication, we report tlie purification
and preliminary characterization of a major protein
component of the outer membrane of £. coli. This
protein may be involved in maintaining the shape of
the bacterium [8]. Protein B {9] with an apparent
molecular weight of 28 500 is qquantitatively con-
verted to a form B* with a molecular weight of
33400 upon heating in sodium dodecyl sulfate
(SDS)-containing solutions at temperatures higher
than 50°C. Cyanogen bromide cleavage and N-terminal
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analyms of B and B* shuwed tha' they ware the

of protein B‘ iva homogt,neous form.

2. Experimental

2.1. Purification of membrane proteins

The cet! wall layer, consisting of outer membrane
and pepridoglycan was prepared from E. o ! NRC
482 by solubilization of the inner membrane sath
Triton X-114 as previously described [10] . #roteins
were sequentially extracted f* am this fractior by
treatment with 0.5% SDS at . 7°C for 1 hr, follewed
by extraction with 2.5% SDS at 100°C for 1§ mir..
The membranes were centrifuged at: 100 000 g fOI
30 min after each extraction: step to produce two -
extracts, 1 and 2, and a residue. of peptidoglycan..
The extracts were dialyzcd against diml&*ﬂ water at
room temperature for 24 hr-and then ai 4°C for
$ days, to remove SDS. 103 (wet weighit) of frozer:
cells produced an average yield of 20 and 35 mg o‘
protein in exoraets 1 and 2, respectively.

In a typical cxpenment 40 mg of extruct 1 was
dissolved in 10 il of 0.1 M sodium phosphate “uffer,
pH 7.2, containing 1% SDS and 0.1% f-mercapioe-
thanol {ME), and incubazed at 37°C for 1 hr. The
clear soluzion was applied to a column of Sephadex
G100 (2.5 X 40 cm) connected in series to a column
of Sephar« se 6B of the sar-; dimensions. The
proteins were eluted at roc.n temperature with
sodium phosphate buffe:, pl—I 7.2, containing 1%

- SDS. Fractions {10 m]} wece collected al‘u:l th-: '95" S
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L_j ge]s a' descnbed bcfme [9 Ll

‘he fractions coniaiming pmiem B were poo]ed
dialyzed against distilled water, and lyophilized. One

- half of this fraction was saved for characterization,

‘.'szhe other half Was, dissolved i in 0.1 M sodinm ph03~ -

i ]:haue buffer, pH 7. ’3, containing 1% SDS and DA% 7‘
~ME; heated at 100°C for 15 min and Ieapplled o -

K ‘rhe doub}e column ge} ﬁmamm sysiem. The frac- S .
s from the cohims were examined as | before and’ S

o
" those containing pp :tein B* were pcu:ﬂed dlaiyzed
:anu lyophmzec‘ - o -
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A«mno acid analyses wer & x:arnbd uvm with ar

,Beck.nan model 1200 arr'mu acid ana}yzez Cyanogem

};fbromu]e cleava; gewas dong as mﬁesznb ed by Sr.dmaﬂﬂan-, o '
_ {13].N-terminal analyses weie pgrfor:meﬁ according - -

o Weiner et al. [14]. SDS-lisc gel e]ectmphmems '
~was done 2s. previously deseribed [9]. Gels WETE -

*.:stalned with: Cﬂgmassm Blue and :sca:_mad a"t 6DD ;n:rh‘ ‘

‘uﬂmg a Gﬂford tpec'tmphammetar

3 Resulis and dlSE“SS}Gn .

-__B ‘with an apparent nolecular wmght of 28500, as

o proiem B 'was converied 1o a higher molecnlar wei
‘form B molemﬂar we1gh1 33400, while a.} clbe:
-z:-;protem bﬂ_mis IWETS urafftme:d (ﬁg. IAJ
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L 'Flv 1 Effeci nof hBHhIil’? om m:;gmhnn of pzmiem B im SDS
; po]y;ac:y]anude gels. A: Densitomeler. seaumning traces of
~‘gels, Samples wer’e‘]‘zaied at the indicated {emperatures fm T
. 207min. B; Ting Lourse of ’EDID'SIEIU!] @f pwztem Bio B*
o ia‘l ’va*:mns iempemiures S T g : -

B On SDS~pD]yacIylamﬂt gms by a m.lmfber Gf
S _'B].'Iihm'S '[13—17] : These wwke:s had heateﬁ
ﬁetermmed by SDS~ge} e]ectr@phoresm Upon heanng, o b
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'Fig. 20 Sapamimn of pm‘tmm Q:f »xﬁratt 1 by gel filtzaion
“inthe” presence of 192 SDS. A: pel IﬂlIBmD!] of extract 1
mihoua Pridy hﬁt-trta@mtni o ﬂample Th= .ﬁ'ath@rs s
under the bar contained only | pmlam B.B: gel filiraticn
of haif of §DIOIE1n B from sepamimn A imﬂowmg heati |
a1 100°C Tor 15 min. The fractions wnder ilie bar conlained
only B¥. The conceniration of 2-Kelo-3-deoxyoctonit acid
{KDOj} is expréssed a8 maolesf0.2 =il sample. The. ‘
absarbance of the fractions was mezasured at 2BD m1i. - -
i mchmn volume, .7} m} Vp > vmﬂ vmum" 03' dn:ub]e €L Ln!m
: sysiem : : - SR

, Df 'the Oulex’ membmm bjy ﬂm method. Pmtrem B
_ contained in fla.;:hons 20 to 95 migrated asa single .-
“band of molecular weight 28 500 on oDS—px}}yaPr}l—' :

. mﬁﬁ poich 5. Wken pmitem B was heated at 100°C. for - ]
IR T - cysieine, Ihae high conteny ofapidic ._mme' aciis anﬁ
 the perceniage oi y&m;bomc residugs: - :

1'5, i ‘n in- DDS :mﬂ rerun in the dopble coharmn.

- sysiexm it ehuted in fmxh(ms S{D 10 88! (ﬁg 2B ’]I‘he_:‘_ -

‘protein in these fme;mns gave a Smgle band of
1 molecular wa‘gm 33 ﬁ}Dﬁr on SDS-po]yacrylamde
: gers The heaimg p:mceﬁme enabled resolution of

ure protein B? from small ampounts of mmammaimg:,

\ p:roiems and I.PS _whz ch co-cluted with protein B

- The amino miijana sis of exiracts 1 and 2, anc! -
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' 'Vaiues are e;;pmsaad as m-DIES pemﬂm Ths- da?a is gmupg:d
o and summeﬁ as bailc, acidic, hy dmphuh e amd :nﬂm:ai
© residwves. Duplmaiee: am3ysaa Wm@: psﬁb}mud after by Grolysis. -

in 6 N-EC3 at BES i for 253 m rypmph:m \,?.s "':m; ‘ﬁeim»

. iyere more tlg}nﬂy Lsoamataﬂ i tne memnmne, Tins
- differenes was not reflected in the :
- positions which were similar. Proigin B had a h}bh o
© content of prolihe and acidic amine agids, No
o cys*eme was delecied and Brﬁv’ 2 smgle mea‘hmnme
.. was present. These T satures agree with the cmmpc— :
s mimns ﬁa&ermmed fm a2 mrmb;er ©f membrane - -

ing acid com-

pm'rem px=paranons LB} namely ¥, the lack of

< Treatmentol elther protein Bor B” wath .r:v aragen :

s brnomme pwdur:eﬁ The same two’ i‘mgmenis swhich
~ bad molecula: weights of about 18000 and 15 Dﬁi}
~ 0N SDS-palyac
. conifl; Tins ihf: ':resenf:e of a ‘s:mgle nﬂhmume )

Aaniide gels{fig. 3). Thir cleawage




'Dﬁ:%lam:é ey

_ t}lg, 3, Cyanogen bmmide fEhB:?) cle~‘vage oi pmtem B .

“CNIBr cleavaze was cardled out as described in I.x;:ernnanial.
”l‘he lowc: gl scan s}mws the separz*tmn of the cleavage
B pzr}dutis; Gt-l scans woi' pmtem* B and B“* areg gwen'for

7_'-131751‘1581’, S: Joand Nxmlsnn,G

: "{fﬂf Canaﬂa or ﬁnancxaﬁ! suppurt ané j’ or ﬂrm awarﬁ uf
ot Smdents]up toR.A.F:R “thmewx Mr. J: Dmgo 7‘ ‘

‘thank ed f or performmg ihf: ammn :ac:ui anah-ses..
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