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i, ]ntmﬂuﬂtmn '
: Membranﬁ ”tf:m‘lmc amds of Glam-p:)miwe 'batfena
are vovalenily attached 1o giycolipid [1—3]. These
°] ]Jpotemhmc acids ate sitwated on the outside of the

. &ytoplasmc membrane 14, 5} and, unhke the wall .
“teichoic agids which are absent from some species,

-_ihe mem?omne fippteichoic aczﬂs were thought to m:%.:in-;_j .
- pattern :epmtzd by DESJEWD eta

“imall ‘Gram-nombve bacteria. As studiss by o*t'hers Ié,.

7} on the composition of membranes from Micrococ- | B
"+ in a Braun dismisgrator with coolinm unbroken cells -
-+ and walls were removed by cantrifu zation (17 000 g

© for 20 min) and the mpemat,mt solution was frecze-
L dr:eﬁ_ The residue was exlracted twics with CHCl—
- MeOH (2:1 v/%) 1o 1emove lipids ard was then dried -

LEUS bsadewkfzmzs did not refer to the prgaen ceofa
- Inembrane teichoic acid this possiblhty has now been :

_ examined. T was aiready known that the wall of this

- Organism ; mmmns a polymer of eqmmolar dmoumm
of N—anetyiaxmnomannummc acid and g]ncose 18]

~and the membrane kips associated with it 4 mamlan L '
T Vanons stmctmal fsarures of ﬂrns mannan hz-we

:;baen de.sn.nbed JA0j . . L :
ER "&we report here thaz usxng an 80% aquem:s p}:enoi

_' eﬂraﬂmn procedure [3] no *1po’tmchmc rac]& has been, 71

: :foun d. However these studies have shown tha? the
.:_'membrane—asmcmte& mannan has pmpernes in com
Cweith 1poiemhme acids {3,

* mmakes it capabie of binding cations. The mannan is~

: a::ylated and is prosemebly aita ched 10 the cytoplas— !
" amic membrane by intercalation of its fattyacidresi- -~ Showeda peak in 1112 void,

o ~meter}and alsoa, smm:d peak ind ;mzled mtd thegel. ~ '

“duesina S}mﬁar marner to ‘hai suggested for lips-
i,temhm-:: aclds R X ‘

11]. It forms mcefilesm Lot
. faqneeus golution and po.,sesses a negative charge 'that Lo
7. with 9.2 M-ammon uim acetate containing 0.01% of

. ‘sodiuth dcetate as eh.:ant_ . The ehution, dzagram (fig ~)

i ._'he:»éo sé'-. an
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o ami ﬁzfzfmwems Iysodezknms NtlE 92’& gm‘ym in
./ thisldboratory. in batch culture (Ox03d Nutrient Broth !
23 2A, Difco 3’3351 lexixac-t 3 gfl ﬂrpc teExsium :hy:l:ogen
- phmphaia 10 gil, glncose 10 gf1) were “ﬂi udied and foand
7 to give closely-similar resulis. They WEIR mmpl*t»li:gl- .
e caﬂy indistinguishable, sensitive o ]ysozymﬂ [123, unen-
- izined only traces of "phcsp}'ﬂrm. in their cell'walls [13]-

and | lipid :ana]yms indicated that both Bt}nf mmed tothe:

“Washed bacteria (313 8 dry wmgm i} Were ﬁzﬁmpteﬂ

[yleld 620 mg).-Aualysis of the resultant materia

. - -showed if to ron’ain hexose [ 5}, faity acids fie]
. and pacleic 2 ouds (Ps imated by abrorption at 260 xum).
B _:T}ns ﬁ?faited memtszane mat nﬁ Ayas ewztractﬁd with
B aquems phenﬂ :anﬂ hsrmclsic atid intheex- -
B ,n'a{:t Was, degradeﬂ :J;y in bution wrthnu:}eases as O

prevmusly reported: IB} The ¢ mﬂ » membrane ex-

- traet was fractionaied ona - ,;Dll.nm of Sephaross 6B

(25 mm X 950 mm)wng epward Rlow {15 ml/hr)

lume (hezoss as para- -

Th.s *sef‘onﬂ ;Pak ,presentaﬂ ma Pﬂ." cantaamm: bi}s‘hj :
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‘g:m’. whyl awm‘twé pyrjdmé ﬁceik m;l:;!— awn :
1:3 By volame); mannobe (determined o Jizkoge | is]j
and plicosaming (detected By amino acid analys
A QEM meid hydrolysate) were pregent in moisr ratio
220:1, Examination by pasdiquid chromatoprphy {Sa
a colunm of 376 ECN58:M on Gas:Chrom. Q [17;) of
the alditol seetaies prepared from an avid hydrolysate
of this material donfirmid thizs hexose composition,
We therefiore convlude that the moterin) emerging from
1he eolumn b she vold yohune s the monnun proviously
deseribed 19, 10) .

Further analysis of ihls sample revenled trages of
glyeerobeontalning matorial {deteried on paper ehro-
xmmgmphy); protein (1%%) {18] and organie phos-
pha!eﬁfl 5553 1197, All of the phosphorus could ba-

nesounted for os muclele neid and no aplyeesol phos
phnla a charaeterisile produet of » giyeerol telehole
nold, was dotedted In hydrolyspies. Ayl group nnalyels
by the hydroxamate method shewed that the mannan
contained 1 neyl restdug in 22 hexos unita, Treatment
of the nnnun-with methanolie HE) vielded fatty

- fold methyl esters, showm by gas-dlaquid &h!@ﬂlatﬁgfﬂph}’ :

{on a ¢olumn of 3% PEGS on colite) to oecur in the
jfgllgwing proportions; sintelio Cpe 37.2; fs0'Cyy

7 {’(’ Q-ih li"lrlf‘ (‘13 ]3 L%G}g ]01-3.11"! @15 1l 633 ‘3 t

Ag&mﬁ@ el @uzma diffysion c:f th@ mannan agam;t

2607

G rugn,

e BB Bepbiite ‘
S BN, Ak B R méﬁ‘;‘ﬁmﬂ e & T IET ) Wepren

e “oh A0
Volie T %?m}
LS %ﬁ‘xﬁ.

)2 \’:5 RO ﬁ}‘ﬁ @%Eunxfi’ ﬁ-uﬂ‘ ey n :

: e .y mﬁez wl mmﬂﬂxjsjﬁe ai wmemmmuns
Aboe 20 iﬁgim!

Surpristingly itha ‘purmm maran bound readily to

a colunn of DEAEceDalose and conld be eluted In a

pradient of pyridinlum scetate (fig. 22), This o Lhﬂﬁy 10
bingd 16 ion-exehnanpe columns was destroyed by 2O
trolted treatmentof the mnnan with dilute alkall (0.1
M NaGH, 100°C, 1 hr), 1o of b}ndiﬁg capacity was
Asmnmmﬂéd by the formation of free fuity aclds
which were extracted it ether, emthiylated and exa.
mined by gl 83 befose. They ware qualliaiively simb
Tar £ the faty soids produced by hyudm]ysis of lipldy
extracied from whole eells, 7

‘The puannan was examined by paper elegirophore:
sl to nssess Its lonle propertles. At pH 6.5 {pysidinhim
neetate buffer nt 50 volisfom for 1 k) the intaet
mannan migrated towerds 1o nneds. Under the same
eopditions dencyletsd mannen behaved 83 a nevirad
moleeule, Patty aeid methy) esters, the produvet f
mathenolie HO! trextment of mennan were exumined
by LLe; (in petrolaum ether [60—40]: ether, 65:40
by volume). Two clusses of methyl estars were found;
one travelling noar the sojvent froni {typical of
neuiral esterr), the other travelling in a position-

(R10,39) indleative of mare polar churaster, Treals
ment. c:f manmn with h;w;tm)sy]ammw i pH 8.0 gﬁd
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Fjg.*;?(.a: r]nnnmmmphv of intael mmmm m: D£ S}I-m:]!u‘lme Madennd was ehed w0 Walek "mﬁu&l £ by 2 Havear gradiond of

mﬂdhﬁhm aeelate (-1 M),
fvith 805 HF. to——#) Rmmm;s m:xm?e

methylation of the resultant acy! hy droxamntes, gave
a similar methy] ester composition. The presense of
the second ¢lngn of fatty nelds may explain the sharged
properties of ihe polymer.

Treaiment of the mannan with 605F hydrozen fiue-
ride a3 O°C For 24 lr fiollowed by nentralization with
lithivm hydroxide, centriingation and addiilon of an
agual volumb of ehlerofosm 16 the supernatant yielded
fraw fatty aeclds in the ehlornform phase and the dencys
Jated mannan in the ngueous phage. This deacylated
mannan did not bind to DEAE-eallnlose (fig. 2b) and
wak irchuded In o eolumn of Sepharass 68 {(fip. 3),
Under these conditions, whicgh ar2 normally wied for
the dephosphorylation of phosphedissiers, porilatly
acylated sugars are deacylated whergis aoy] esters of
agyalic gleobols, e.g glyeerol, nre nanffoslvd (porsonsl
communication by Br N, Smw}

‘ Tha mennen was examired jm s ahiliiy 16 bing .

s (B Chrpimatozeaphy on DEAFwelulose of manab afer deeylition

cutions; control experimenis wors carvied ont using
yenst mannan and & neninal poly saecharide, amylopess
tn both perehased frox Blgins Chemitenl Co.,, UBA),
Samples of polysaccharides (20 185) ware sgquilibrated
with mmgneslum iomns by Inenbation in Mgl 6H,:0
(23 mM, 1 e, 37°C). Matesind was récovered by ihe
addition of 3 volumes of sthonel, and the supernain!
diseardad, Unbonng Ma?” wis removed by washing

(3 times) with waier, followed by sthanol previpila-
tion. Ma®” was extraeted from dried matesial (10 mg)
Into 1 M HBCI10; (3 m)) 111] and determinad by ate-
mic absorpton speciromeiry $Unicam 8P 20 sayle: 2),
Hexoze wis ditermired by the phenclsulphoricacid
method of Dubsis €1 al. {15, Blading ooeured o

the following axiens (milli-eguivalants of Mg? “mels
of hexose): umylopestin B, yeast INRIHAR 317 gﬁ;l
mannan from M @A;ﬁr#ﬁ'ﬁms 9 :

L3 S
.n‘cr‘ . '
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- Fig. 3 Chrbmatbgmp’hy on Si:p}xamr;é 6B of mannan after deacylation with 60% HF. ibfééaa])_ Represents hexose.
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Extrqcnon of the :membrame of M ]y.sodezk;neu.s :
by a standard procedure (80% aqueous phencol) has
failed 1o reveal the presense of a lipoteichoic acid. -
“This is the first reported absence of lipoteichoic acid

from the membrane of ERC Tam-pesiliva bacteriumm. The .

membrane does, bowever, possess a mannan. This -
mannan contains acyl residues which ‘can be remmveﬂ
from the polymer by gentlz hydrolysis in alkali. Ex-
- clusion of the acylated polymer from Sepharose 6B
- suggests that it could have a mulemlar weight of at™
“least 1 X 10°; ihis high appareni molecular weight

howeves, is probably due 1o the formation of .mma]léfs,f ‘

s has been observed with lipoteichoic acids [3].
" . The presence of fatty avid ester groups in the

“mannan presumably accmmis for its ability 1o form
~ micelles and for its association with the cell membrane;
- teichoic 2cids can act as atcepto;rs for the bmsyniheszs

of wall teichoic acids of the poly(nb;rml-phmphatwe) o1
S pa]y(glycexol—phosphate) Iypes [20%. It may be sxgmﬁ- |
cani that the. blos,yn“thesxs of the wall px)]ymcl of N

‘the hydropho”mc acyl chains would mtercaiate with
“Jipids in the membrane in rhe same way as has been -
. proposea for lipotéichoic zcids: [2] - The presence’ oi'
,,fpola' acyl

'BS!GEE'S acccmn £ fe:r 1’he chargv on zhe po}y-.

; "Ihis accaptor 15 ;noi a Ilpiﬁ mtermediate but’ :lts des—

featuzes of the mannan ‘have been determined by .

- haustive mel}xylaimm [10] ; the polymer wzs shown to

contain 1-> 2,1 > 3 and 1 > 6 mannozidic linkages,

- We sua ggest that a high Proportion : of these linkages . -
- must be o as the polymer has a very }ngb afﬁm“ty for

'.r;ontanavalm A Ars waluaimn of the methylation data _
iz mow necessa:y ‘as the fmﬂ:e-rto unﬂetecieﬁ acyl resi- -

dues might affect. ﬂle degree of mezthyhhon ami conse-
“quently the apparent mamber of branch poinis.

- Biosynthetic studies on mannan [10G] indicate that
mannose is'added 1o the n@med*wcmg end of endoge-

 FIOUS mannan via GDP_mann ose and mannosyl-l-phos-

- phczy]-undecajprenol De novo synthesis has not been _
" demonstrated and again the presem:e of acyl gmups :

“may explain this by requiring the jpaxm:lpaimn of an .

adﬁjtlonal xar.:tm dunng 1he adﬂmon of mannnsy]

B umis

Recently it ]1as been shuwn Jhat membrane lipo-.

"acetylamlnomannnromc amd anﬂ glucuse M Eyso- -
deikticus needs an acceptor within the miembrane '[2 Jo
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te:c}‘mc amds (whew ihe az:yl groups are attached o’
the’, glycohpid end) can be extended, then the :mn-polm

fatty acxds would oceur iowards ene end of the mole- .

cule for ancnmage of mannan to membrane, whereas
“the charped farty acids wonld be «dxsm'bmeﬂ along the
" chain where their furiction would be similar to that of
' charged phosphate groups along z Jipoteichoic acid
«chain. An important aspect of teichoic acid f; unction

iz their ability 1o bind cations ani} ﬂlexeby eontrol paL- '

ticnlarly the availability of divalent cations at the,
wembrane [{2 11}, The mannan from M. ]ys&dexkﬁf
“eys probably assumes 2 similar Tole since the polar -

~acyl subsmuemv enable it 1o bmﬁ cations et fel:fnve,ay* -

© it'is eleven times more efficient in binding Mp? " a5 i
7 amylnpm::tm and five rimes more efficient 1l3an is

. yeast mannan; the significant ability of the yeast h
mannan 1o bind cations is presumably due 10 the

known presence of ghosphz‘te ETOUPS :,m ﬂwi prﬂ},vmer o

f23].
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