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1. Introduction -

Both electrostatic and non-polar interactions help
to maintain the strucinye of biological membranes, and
technigques designed to disrupt one or both of these
interactions have been used to solubilise membrane-
bound enzymes from animal and bacterial sources [1].
Repeated washings of bacterial membranes with buffers
of low osmolarity in the absence of bivzlent cations
releaae a significant proportion of the membrane pro-
tein, motzbly ATPase 23, which is presumed to be
electrosiatieally bound. The residual membrane is still
vesicular and retains ihe respiratory complexes and
the enzymes that catalyse the biosynthesis of cell-wall
polymers. We report here that repeated freezing and
thawing of this residual membrane prepared from
B. Hicheniformis releases a non-sedimentable lipopro-
tein which is active in the blosynthesis of the wall
teichoic acids polyiglycero! phosphate) {polyGFj and
poly{g'ycerol phosphate glucose) {poly GPGlc), and
contains the undecaprenol phosphate intermediate for
the synthesiz of the glucose-containing polymer.

2. Resulis

B dicheniformis AT.C.C. 9945 was grown in
batches to mid-logarithmic phase in complex medium
containing 0.1% glucose [3]. Membranes were prepared
by lysis of the cells with lysozyme in the absence of
Mgz* or osmotic stabiliser [4], and were washed once
with 2 M KCl, twice with 0.025 M Tris—HC], pH 8.0,
twice with 0.15 M sodium pyrophosphate, pH 7.5, and
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twice more with 0.025 M Tris—HCI. pH 8.0. The final
product was resuspended in 0.025 M Tris—HC], pH 2.0,
at a concentration of 20-25 mg of proiein/mi and the
suspension was rapidly frozen in an acetone—solid

€04, bath. For optimal selubilisation of the teichcic
acid synthesising s¥stem they frozen membrane suspen-
sion was held at —20° for 10 days before the next
stage of the procedure.

Splubilisation was carried out as follows: the frozen
membrane suspension was allowed o thaw slowly at
room temperature and then transferred $o = veaker the
bottom of which it just covered. The suspension was
frozen for 45 sec in aceicne—solid €0, {~70°C), then
thawed to 0°C in a water bath at 30°C. This process
was repeated three more times and afier the final
thawing the suspension was centrifuged at 383 800 g
for 30 min at 0°C. The pellet was resuspended in
0,025 M Tris—HCl, pH 8.0, a1 the originegl concenira-
tion and kept at —20°C (membrane residue, MR). The
supernatant was treated with 1.5% {w/v) protumine
suﬂphafie {0.1 m] of pretamine/m! of supernaian) at

0°C fcz 30 min and 250 mixiure was then ceinrifnged
ai 120 000 g for 22 hr at 0°C. The supernatart con-
tained the solubilised enzymes (crude selnble material,
C8). From a membrane suspension at 25 mpg of protein/
ml, MR and CS contained 20.6 mg of proteinfm: and
2.8 mg proteinfml respectively, measured by the
Lowry method after sojubilisation in 0.2 M NaGQH, usmg
bovine serum albuinie a5 a standard [3).

- Some of the enzymie sctivities of the criginal mem-
brane, MR and 3 are compared in 1able 1. The very
low succinic dehydrozenase and NADH dzhyrirogen-
ase levels in C8 ﬂsuggeﬂied that the ;respuatwry em;yme
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Table i
Enzyme activities* of sojuble fractiona,

Enzyme - - MR S Assay Method
Alkaline phosphatase 80 B 18]
Acid phosphatase B 1.5 16}
Succinate dehydrogerase  97.5 (0] 171
NADH dehydrogenass 81.5 17,5 8]
poly GP synthetase 55 409 (E3]
poly GPGIe syrthetase ~ 80D 198 141

¥ Relative specific activities; activily in origin:d membrang =
100.

complex was not solabilised by the freczing and thaw-
ing process. This conclusion was suppt ited by the fact
that no differences between the specira of (CS, before

and after treatment with déthionite, could be detected,

indicating the absence of eytochromes.
The crude soluble preparation {(CS) could be frac-
tionated on a column of Sephadex G-200 as shown in
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fi. 1. The elution profile of poly GPGlc synthesising
activity was identiral with that of poly GP synthesising
activity, both being excluded from the column. Material
(purified soluble, PS) corresponding to the void volume
peak 1 was freeze-dried, redissolved in water and-
applied to a DEAE—celhilose column, from which it was
eluted as a single peak in ebout 0.7 M NaCl on applica-
iion of a linear gradient of 0-1.0 M NaCl. After chro-
matography on Sephadex G-200 the activity of the
material (PS) could be approximately doubled by
Jialysis against 1 mM sodium EDTA in 0.05 M Tris,

pH 8.0, for 16 hr at 4°C. The overall pmification of
poly GP synthetase at the end of this process was
approximaiely 8-fold.

The purified material {PS) was ipoprotein in nature.
Extraction of lipids by chloroform—methanol [9]
removed 40% (wjw) of the material, while butanocl
extraction [3] indicated a lipid content of 48% (w/w).
Thess compare with a figure of 45% for the original
membrane, estimated by chloroform—methanol exirac-
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- Fig. 1. Chromatography of CS on Sephadex G-20D: CS {5 ml) was applied to z column (90 X 2.5 cm) of Sephadex G-200 (Pharma-
ciz I'td., Uppsala, Sweden} and was eluted In 80.025 M Tris—HCIL, pH B0, to=tainin- N N9 (w00 \“\"“'1‘1}'". 7idc, by uyward TIew at -

’4 C; 4 mi fractions were coliected and the absorbance at 280 mm w 4+ twwasu-ed, P
-were measured [4] in 0.05 mlportions of the samples. The void volrie «
- Absorbance at 280 nm; (0—~~~—!>) poly GP squraase activity. - -

aly GP swntheisse and peiv GPG
ci ihe rerumz was Measured uany

sy nthelase
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Fig. 2. TLC of labslicd lipids synthesised from UDP-]U-1¥Clglncose by membranes and C5. 0.5 ml of membrans suspension {20 mg
dry wifml) or 3 ml of TS was incubated with 2 mM UDP-[U-1C]glucose £1.5 X 10% cpm/fumel) and 10 mdi MgCly at 37°C for

30 min. The reaction mixtures were freeze-dried and lipids were extracted irio 4 ml of butan-1-ol containing 0.5 m) of water 1oz

8 hr at 4°C. The buianol phase was washed three times with 2 mi of water at 4°C, evaporated to dry 55 i vacuo, and the lipids
were redisscived in a small volume of chloroform. The lipids were separated by chromatography on thin layers (0.4 mm) of silica
C-1 H in chloroform—anhydrous methano! 80:25 {v/v). 1 em Bands of gel were seraped off for scintillation counting [3]. (o—0—0)

‘Whole memdransg; (e——o——a») LS,

tion. These values may include proteins extracted as
apolar proteolipid complexes. A preliminary compari-
son of the polar lipids of MR and PS by butanol extrac-
tion, 2-dimensional i.lc. and densitometry [10] in-
dicated that the soluble material contained significantly
Iess acidic phospholipid {phosphatidyl glycero! and
cardiolipin) and more amphoteric lipid {phosphatidyl
ethanolamine) than the MR. intact membranes of
B. Hcheniformis synthesise three glucose-containing
lipids from UDP-glucose and endogenouns aceeptor.
Twao of these are digihncosyl diglyceride (DG) and its
precursor monoghicosyl diglyceride (MG); the third is

_ a polypreno} phosphate glucose intermediate in the
ticsvrihesis o poly GPGle [R]. The identification of
hese Tpnes woes deserdbed previcusly [3). A comparison
by thin-layer chromatography of the ghacose Lipids syn-
thesised by membrane and CS isshown in fig. 2. CS

only yielded lipid intermediate {corponent 1} while
the membrzne also gave DG {(component 2) and NG
{component 3).

3. Discussion

It is well know.. thai freezing and thawing dameges
biological membranes, either throngh a mechanical
effect of ice crysials or by the production of extreme-
1y high scluie concenirations during freczing. What-

‘ever may be the basic cause of disruption, repeated

freezing and thawing appears o provide a new zng
selective tooi for the disseciion of the bacierial 1a: m-
branes. Of particular interest is the observation that

*he solubitised complex retains the integrity of the
Jwvee Vont onermicdiate assogiation which is essen-
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tial for the biosynthesis of poly IGPGlc. Methods of

detergent solubilisation which have been used to smdy-‘

lipid-mediated processes have invariably disrupted
such complexes [11, 12]. Our isolation of a multi-

_enzyme complex that reiains its polyprenol phosphate

in a functional association with the enzymes is con-
sistent with the model of wall synthesis proposed by
Anderson et al. [13] in which the enzyme systems
that catalyse the synthesis of the different wall poly-
mers are closzly associated with a shared pool of un-
decaprenol phosphate in the membrane.
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