Yolume 309, number 2, 107-110

FEBS 11461
© 1992 Federation of Europeun Biechemisal Sogisties 00134579392/85.00

Seplember 1592

Lipid interaction of Tetanus neurotoxin

A calorimetric and fluorescence spectroscopy study

Emunuela Calappi®, Massimo Masserini®, Giampietro Schiavo®, Cesare Montecucco® and
Guido Tettamanti®

*Deparunent of Medical Chemistry and Blochemistry, University af Miluno, Milans, fraly and Plustitute of General Pathology,
University of Padua, Padua, ltaly

Recsived 13 July 1992

The interuction of Tewunus toxin with phaspholipid vesicles containing gungliosides (GDIx. GDIb ar GTib) or phosphatidic acid has been

investigated at neutral or acidic pH. Change in the thermotropic properties of the vesicles oteurred only after addition of the toxin at acidic pH,

and led ta surface binding or membrane insertion of the protein, dependent an the physical state of the membrane. Most remarkably, toxin addision

ut ueidic pbl 1o dipalmitoyl-phosphutidyleholine vesicles containing GT1b ganglioside, caused formation of ganglioside microdomains on the vesisle
surfuce,

Tetanus toxin: Gunglioside micradomuin

1. INTRODUCTION

A large group of bacterial protein toxins with intra-
cellular targets, including Tetanus toxin (TeNT). are
characterized by a binding that occurs on the cell sur-
fuce follawed by a translocation across the membrane
to reach and meodify a specific target [1]. In the case of
TeNT, lipids have been implicated in both steps [2]. also
because, after binding, the toxin has to cross the lipid
bilayer to reach the cytosol. The binding of the toxin
and its insertion into the membrane have been shown
to be potentiated by acidic lipids {2,3]. Among those, the
gangliosides of the ‘b’ series, the high content of which
in the nervous tissue [4.5] would account for TeNT
neurospecificity, have been addressed as the cellular re-
ceptors of the toxin. Other evidence indicates a sia-
loglycoprotein as the neuronal receptor for the toxin [6].
Moreover, it is known that TeNT increuases its binding
and inserticn into the lipid bilayer [2.7-10] at acidic pH,
suggesting that TeNT can penetrate into cells via a low-
pH intracellular compartment [7-10).

In order to gain more insight in these problems we
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have studied the interactions of TeNT with model mem-
branes (phospholipid vesicles) containing gangliosides
or phosphatidic acid at neutral and acidic pH. using
differential scanning calorimetry (DSC) and fluores-
cence spectroscopy technigues.

2. MATERIALS AND METHODS

3.1, Meaterianls

Dipalmitoylphosphatidylcholine (DPPC); dimyristoylphesphati-
dylcholine (DMPC). 1.6-diphenyl-1.3.5-hexatriens (DPH). pyre-
nedecunoylpalmitoylphosphatidylcholine  (Pyrene-PC),  dipalmi-
toylphosphatidic  acid (DPPA)., dimyristoyl-phosphatidic  acid
(DMPA) were from Sigma Chem. Co. (8t, Louis, MO, USA). Gangli-
osides GDla, GRIb and GT1b (the latter two belonging to the ‘b’
series) were prepared from calf brain and siructurally characterized
as% described [1 1], Tetanus toxin (TeNT) was prepared as previously
described {12),

2.2, Differential scanning calorimotry

Calorimetric experiments were performed with a Microcal MC2D
difTerentinl scunning calorimeter (Amherst, MS, USA), Far the calori-
metric experiments the lipid concentration was 2 mM and the scan rale
was 20°C/h,

2.3, Preparation of phospholipid vesicltes

DMPC or DPPC mixed or not with % (molar) ganglioside or
phosphatidic acid in chloroform/methunel (1:1, v/v), were dried with
4 M, flow and freeze-dried, The lipids were resuspended in § mM
Tris-ucetate bulfer, pH 7.4, containing 5¢ mM KCl, at a temperature
above the aal ¢a liguid ervstalline temperature transition (7,) of the
lipid mixture and vortexed, Large unilamellar vesicles were prepared
by ten successive extrusions of the lipids through 100 nm pare filters
(Nucleopore, Pleasanton, CA, USA), using a N, pressurc-cperaied
extruder (Linopren, Otiawy, Canada), Vesisles were used within the
spme duy of preparation. Size and homogeneity of the vesicle prepara-
tion were checked by laser-light scattering {13].
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2.4, Addition of Tetanies toxin te the samples

TeNT (10 mp/mi) was dinlyzed ugainst 50 mM KCl for 4 1 a1 4°C
and sdded to tne vesicle sample ata prateindipid iotur ratio of 1:1500,
at a temperiture of 30°C. At this temperature DMPC-containing
sumples were in the fluid state and DPPC.containing sumples in the
gl state, The pH of the sumplex wus lowered to 4.0 by addition of the
uppropriate amount of ucetic ucid (10%, by vol). When required, the
proper volume of 2 M Tris was used to return the pH ltom 4.0 to 7.4.

2.5. Fluoreicence spectroscapy studics

The steady-state degree of fluorescence polurization (p) of RBH in
DMPC vesicles, contulning or not GT1b gunglioside, was messured.
Fluorophore incarporation in the vesicle preparation and fluoressence
determinations were carricd out at 37°C us described {14), using a
Jusca spectroflucrometer (Jasca, Tokyo, Japan). Fluorescence ex-
cimer formation of pyrens-PC embedded (3% molar) in DMPC vesi-
cles, containing or not GT1b ganglioside, was measured as described
(18], The emission intensities of monemer (M) and excimer (E) were
taken at their maxima at 395 und 480 nm, respectively [15).

2.6, Other assuys
Phospholipid consentration was determined from phosphate analy-

sis [16], Gunglioside-bound sinlic acid wus determined according to
Svennerholm [17).

3, RESULTS
3.1. Effect of TeNT on the thermotropic properties of
vesicles

The thermotropic properties (7, and total enthalpy
change associated with the transition, 44) of DMPC or
DPPC wvesicles, containing or not 5% (molar) of any
ganglioside (GT1b, GDl1a, GD1b) or phosphatidic acid
(DPPA or DMPA) were not affected by TeNT addition
at pH 7.4, and the DSC data are not reported.

At pH 4.0 the calorimetric scan of DMPC vesicles
containing 5% GT1b (a putative receptor of TeNT) is
characterized by a 7,,, of 25.5°C, with a 45 of 5.5 keal/
mol (Fig. 1; Table 1). Upon addition of TeNT to the
sample, a strong decrease of 4f to 4.2 kcal/mol was
observed, whith a concomitant small decrease of 7, to
25.2°C. The decrease of 44 suggests that, after TeNT
addition, part of the phospholipids are subtracted from
the phase transition [18-20] indicating the occurrence of
protein interdigitation with phospholipid fatty acids.
Identical results were obtained adding TeNT to the lipid
sample at pH 7.4, then lowering the pH to 4.0, This
indicates that TeNT does not aggregate in the low pH
medium before reaching the lipid bilayer, at least in
fashion altering its interaction with the membrane sur-
face.

The calorimetric scan of DPPC vesicles containing
5% GTlb at pH 4.0 shows the presence of a peak cen-
tered at 42.3°C with a 4Ff of 8.2 keal/mol (Fig. 1). Upon
addition of TeNT, the scan showed the presence of a
main transition at 42.5°C, and the appearance of a
minor, well defined peak, at a higher temperature
(46.1°C), indicating occurrence of a lateral phase sepa-
ration phenomenon [21,22]. The total enthalpy change
remained constant. The minor peak, not occurring with
pure DPPC vesicles, indicates that in the presence of
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Fig. |. Heat capacity vs. temperature plot for BDMPC (panel A) or
DPPC (punel B) vesicles containing 5% GTIb ganglioside befare
(trace u) and after (trace b) addition of TeNT at pH 4.0

TeNT part of the linids segregate in a more rigid, higher
melting, microdomain, likely a ganglioside cluster [22).
The same result was obtained inverting the order of
addition of acetic acid and TeNT.

The addition of TeMT at pH 4.0 to DPPC vesicles
containing 5% GD1b, also a putative receptor of TeNT.
caused an upward shift of the T,, (+0.4°C) with no
influence upon the enthalpy change associated with the
transition (Table I). However, different from GTlb, no
lateral phase separation occurred. The addition of the
toxin was almost non-influential on the thermotropic
properties of DPPC wesicles containing $% GDla,
which is not a putative receptor of TeNT (Table I).

The above results suggest the possibility that lipid
interaction of TeNT at low pH is dictated by electro-
static interactions. To gain further insight in this aspect,
DMPC or DPPC vesicles containing 5% phosphatidic
acid, carrying the homologous fatty acid. were studied.

Table I

Effeet of Tetunus toxin (TeNT) addition at pH 4.0 on the gel-liquid
crystalline lemperature trunsition (7T,,) and on the total assevisted
enthalpy change of phospholipid vesicles containing gangliosides or

phosphatidic acid (4f)

Vesicle = TeNT + TeNT
camposition

T AH Fa aK

Q) (keal/mol) *C) (kcal/mol)

DMPC 239 58 239 5.5
DMPC GTIb 2535 is 2582 42
DMPC DMPA 251 55 248 39
DPRC 41.2 8.2 412 8.2
DPPC GTIb 433 82 42,5+ 46} 22
DPPC DPPA 418 8.2 419 8.2
DPRC GDIb 4.8 8.2 422 8.2
DPPC GDIla 41.8 8.2 41.8 8.2
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Fig. 2. Heat cupacity v temprature plot for DMPC (panel A) or
DPPC (panel B) vesicles containing 5% of DMPA or DPPA, respec-
tively, before (irace a) and alter (trace b) additlon of TeNT at pli 4.0,

Upon addition of TeNT at pH 4.0, the 44 of DMPC
vesicles containing DMPA decreused from 5.5 to 3.9
keal/mol (Fig. 2), suggesting interdigitation of the pol-
ypeptide chain with the fatty acid chain of phospholip-
ids, as in the case of the DMPC/GTI1b vesicles. The T,
remained virtually unchanged. Upon addition of TeNT
at pH 4.0 the T, of DPPC/DPPA dispersions increased
from 41.5 to 41.9°C, while 4F did not vary. This result
indicates a superficial interaction of the toxin, but not
followed by lateral phase separation phenomena, as in
the case of DPPC/GTIb bilayers (Fig. 2).

3.2. Flugresconce spectroscopy experinents

Fig. 3, panel A, reports the values of the anisotropy
parameter p of DMPC vesicles contuining 5% GTl1b.
No change in the anisotropy value was observed upon
addition of TeNT at neutral pH. On the contrary, the
addition of the toxin at acidic pM caused a small but
significant increase of the order parameter from 0.2 to
0.22 indicating a decrease of membrane fluidity. In the
absence of gungliosides, at either pH, the addition of the
toxin was non-influential. Fig. 3, panel B, reports the
values of the excimer/monomer ratio (E/M) of pyrene-
PC embedded in DMPC vesicles containing GT1b. The
toxin addition caused a decrease of the E/M ratio at pH
4.0, consistent with a restriction in the lateral mobility
of the probe [15), while it was uninfluential at pH 7.4.
In the absence of GTIb ganglioside the addition of the
toxin was uninfluential on the E/M intensity ratio at
either pH.

4, DISCUSSION

The data herein reported show that TeNT is almost
uninfluential on the thermotropic properties, T, and
4H, of the phosphatidylcholine zwitterionic phosphe-
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Fig. 3. DPH Nuorescense anisotropy (pancl A) und pyrene-PC ex-

cimer/monomer ratio (pangl B) of DMPC vesicles containing 5%

GT1b, befare (open bars) or after (slash bars) the uddition of TeNT
at pH 74 or 4.0,

lipid bilayers both at neutral or acidic pH. suggesting
the occurrence of a weak interuction. if any, under these
conditions. When acidic lipids. phosphatidic acids or
gangliosides, are embedded in the vesicles. the mem-
brane thermotropic properties are modified by TeNT
addition at acidic pH. This responsiveness is clearly
shown by changes of 7, (indicating binding of TeNT
to the membrane surface) or by a decreuse of the total
enthalpy change associated with the iipid phase transi-
tion (indicating membrane insertion of the protein). The
type of interaction is strongly dependent on the physical
state of the bilayer: it is likely more confined at the
membrane surface in the case of vesicles that are in the
gel state (DPPC]) at the temperature of toxin addition;
it is extended to the hydrophobic portion of the mem-
brane when the bilayer is in the fluid state (DMPC).
This result correlates well with previous invesiigations
and provides further evidence of this phenomenon
(9,10.23]. Membrane insertion of the toxin is likely also
to be responsible for the fluidity decrease recorded by
the fluorescent probe DPH and by the decrease of colli-
sions among pyrene-PC molecules present in the mem-
brane.

However, the most relevant finding of the present
investigation is the formation of GT1b micradomains,
induced by TeNT addition to DPPC/GTI1b vesicles at
acidic pH. It is known that the binding of a protein to
the membrane can lead to lateral phase separation of
lipid components [21,22]. The membrane zones in con-
tact with the protein become enriched in a particular
lipid component, while the rest becomes depleted, in a
fashion dependent on the specificity of the interaction.
In the case of absolute specificity, only those lipids re-
sponsible for the specific protein binding will be segre-
gated. This peculiar behavior is displayed by GT1b but
not by non-putative receptors (GDla, phosphatidic
acid) and by GD1b (also a putative receptor). This sug-
gests that different molecular mechanisms oi'interaction

109



Yolume 309, number 2

can occur between TeNT and gangliosides belonging to
the *b* series. The lateral segregation of GT 1b. induced
by TeNT, correlates with the reported ability of this
protein to form a physicully defined complex with
micellar gangliosides (23].

It hus been suggested that after binding to the presyn-
aptical membrane, TeNT may penetrate into cells
through an acidic intracellulur compartiment, like
difteria toxin [24]. The present findings do not support
a key role played by gungliosides in the binding of
TeNT but suggest their participation to the subsequent.
and important, steps of membrane insertion und
translocation occurring at low pH. This possibility may
be realized via GT | b ganglioside clusters and, dusto its
possible biological relevance, deserves to be investigated
in more detail.
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