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Alkaline Phosphatase belongs to a wide group of enzymes which
catalyze the non-specific hydrolysis of phosphate monoesters in
an alkaline environment . These enzymes are membrane proteins
which are all attached to the outer leaflet of the plasma
membrane or to the lumenal face of secretory granules by the lipid
moiety of a glycosylphosphatidylinositol (GPI) anchor . The
hydrophobic hydrocarbon chains of this lipid moiety are
responsible for the attachment of the protein to the lipid bilayer.
We investigated the binding of alkaline phosphatase with (GPI-
AP) and without anchor (AP) to model membranes.
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Well-ordered assemblies of lipid or lipidlike molecules are
important for the success of our binding studies of GPI-AP.
Therefore, IR ATR absorbance spectra of DPPA (DPPA
monolayer, Fig. 3, step I) and POPC adsorbed to DPPA
(DPPA/POPC bilayer, Fig. 3, steps II and III) are shown in Fig. 1.

The values of the surface concentrations indicate quite tightly
packed films and the dichroic ratios R give information about the
orientation of the hydrocarbon chains which are more ordered in
the case of DPPA.
However, in the case of the enzyme GPI-AP there has to be taken
care about the amount of tenside (ß-OG or Triton X-100) present
in the original protein sample: If it is too large, AP will remain
solubilized and will not adsorb to a model membrane; if it is too
small, AP will aggregate from the beginning.
To obtain the spectra in Fig. 4, enzyme adsorption to a DPPA
monolayer (Fig. 3, step V) and DPPA/POPC bilayer (Fig. 3, step
IV) from a 50 µg GPI-AP/ml 20 mM Tris buffer solution pH 7.4
(catalytic specific activity: 60 U/mg) was performed until saturation
was achieved. It is evident that more enzyme is attached to the

monolayer, however, a decrease of the (CH) bands of the bilayer
is seen during GPI-AP adsorption indicating strong interactions
with the lipids.
The GPI-AP/DPPA-assembly can be completed with POPC
molecules (Fig. 3, step VI). Figure 5 shows that the POPC
adsorbed to this assembly exhibits the same properties as a pure
outer POPC layer on DPPA, except for a less degree of order
(compare with Fig. 2, bottom). The adsorbed POPC showed a

surface concentration = 1.36·10 mol·cm which is about 60%
of the value of the pure, tightly packed POPC layer in Fig. 2. The
quantification of the amide I´-band (1650 cm ) revealed an
enzyme surface concentration of 1.84·10 mol·cm (Fig. 5),
corresponding to a density of coverage of 40%.
Both types of immobilization according to Fig. 3 yield catalytically
active assemblies for at least two days at room temperature
(about 30 U/mg). All these experiments were also carried out with
anchorless AP: Bindung was observed in every case but the
activity of the immobilisate was low (data not shown).

As shown by FTIR ATR spectra and by enzymatic activity data,
catalytically active GPI-AP can be immobilized on model
membranes. Therefore, a first precondition for carring out further
investigations of structure-function-relationships of GPI-AP in
lipidic environment is met.
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Materials and MethodsMaterials and Methods
First, the interaction of GPI-AP with a hydrophobic surface was
investigated. With the help of a film balance, a monolayer
consisting of dipalmitoyl phosphatidic acid (DPPA, Fig. 2) was
transferred to the surface of a clean germanium (Ge) plate. GPI-
AP solubilized with ß-octylglucoside (ß-OG) was directly
adsorbed to the DPPA monofilm. In order to constitute a bilayer-
like system, the GPI-AP/DPPA assembly was contacted with a
palmitoyl oleoyl phosphatidylcholine (POPC) vesicle solution (Fig.
3, path 2: I,V,VI).
Second, the interaction of GPI-AP with a supported lipid bilayer
was investigated. As model membrane, a DPPA/POPC bilayer
was prepared using the Langmuir Blodgett (LB)/Vesicle Method .
After the transfer of DPPA mentioned above, the second layer
consisting of POPC (Fig. 2) was produced by spontaneous
adsorption to the hydrophobic DPPA monofilm from a vesicular
solution. Finally, GPI-AP solubilized with ß-OG was directly
adsorbed to the bilayer (Fig. 3, path 1: I - IV).
Both the formation of the GPI-AP/DPPA assembly and the
adsorption of the enzyme to the DPPA/POPC bilayer were
monitored by FTIR ATR measurements. In any case, the
activity of the immobilized GPI-AP was measured by pumping
substrate solution (p-nitrophenylphosphate, p-NPP) through a
flow-through cuvette. Enzymatic activity was determined from the
rate of p-nitrophenol production by ester hydrolysis as detected by
VIS spectroscoy at 420 nm. A generalized scheme for carring out

activity measurements is shown in Fig. 1.
In order to show the influence of the GPI anchor on enzyme
adsorption and activity, the above experiments were also carried
out with anchorless AP (Sigma, P-8647).

3

in situ

in situ

Fig. 1: Schematic setup for IR ATR enzyme activity
measurements.

in situ
Left:

Right:

The substrate (S) is pumped over the
enzyme immobilized on the internal reflection element (IRE) and
is detected by reaction with reagent (R) to a UV light absorbing
product.The temperature is controlled by a thermostatization
plate. Flow-through cell in detail (E: enzyme, S: substrate,
ES: enzyme-substrate complex, SF: substrate flow-through,
P: product, LM: lipid membrane).
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Fig. 2: Parallel ( ) and vertical ( ) polarized absorbance
spectra of a DPPA and POPC.

||
: DPPA transferred at 30

mN/m from aqueous subphase (10 M CaCl ) to a germanium ATR

plate. Spectra were measured against air. Surface concentration
was calculated with the thin film approximation: surface

concentration = 3.80.10 mol cm ; dichroic ratio R (A /A

0.93(at 2850 cm ); angle of light incidence , 45°; number of
active internal reflections N, 39. : Polarized IR ATR
absorbance spectra of POPC adsorbed on a DPPA monolayer; T,
25°C; reference DPPA monolayer in D O Tris buffer; surface

concentration = 2.28.10 mol cm ; dichroic ratio R, 1.46; angle

of light incidence , 45°; number of active internal reflections N,
35.

⊥

Γ ) =
θ

Γ
θ

Top

Bottom

-4

-10 -2

-1

-10 -2

2

||

2

⊥

Fig. 4: Parallel and vertical polarized absorbance spectra of
GPI-AP immobilized on two different lipid model systems.
Top

Bottom

: GPI-AP immobilized on a DPPA/POPC bilayer; 20 mM D O

Tris buffer pH* 7.0; T 25°C; reference, DPPA/POPC bilayer in D O

Tris buffer; dichroic ratio R, 1.64 (at 1650 cm );surface

concentration = 1.38.10 mol cm ; angle of light incidence ,
45°; number of active internal reflections N, 35. : GPI-AP
immobilized on a DPPA monolayer; 20 mM D O Tris buffer pH*

7.0; T 25°C; reference, DPPA monolayer in D O Tris buffer;

dichroic ratio R, 1.60;surface concentration = 6.36.10 mol cm ;

angle of light incidence , 45°; number of active internal reflections
N, 35.
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Fig. 3: Schematic description of two pathways for immobi-
lizing GPI-AP on lipid model membranes attached to an IRE-
plate. (I)
Transfer of the inner IRE-attached DPPA monolayer from the
air/water interface of a film balance to an internal reflection
element (IRE) by the Langmuir-Blodgett (LB) technique; (II)
spontaneous adsorption of POPC lipid molecules from vesicles
energetically driven by the reduction of the unfavorable high
energy of the hydrophobic surface of the DPPA monolayer in
contact with the aqueous environment; (III) completed
asymmetric DPPA/POPC bilayer; (IV) adsorption of GPI-AP

(solubilized by -OG) to the bilayer.
(I) as

described above; (V) spontaneous adsorption of GPI-AP

(solubilized by -OG) to the DPPA monolayer via its GPI anchor;
(VI) reconstitution of a bilayer-like system by passing POPC
vesicles over the GPI- AP/DPPA-assembly.

Path 1: Immobilization on a DPPA/POPC bilayer.

Path 2: Immobilization of GPI-AP on a DPPA monolayer.
β
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Fig. 5:Polarized IR ATR absorbance spectra of GPI-AP after
adsorption of POPC and spectra of the adsorbed POPC (cf.
Fig. 3, path 2, step VI).
Top: POPC and GPI-AP assembled from a vesicular POPC-
solution (0.67mg/ml POPC) on a DPPA-layer with immobilized
GPI-AP; 20 mM D O Tris buffer pH* 7.0; T 25°C; reference, DPPA

in D O Tris buffer; surface concentration = 1.84.10 mol·cm ;

dichroic ratio R, 1.62; angle of light incidence , 45°; number of
active internal reflections N, 35. Bottom: Polarized IR ATR
absorbance spectra of POPC adsorbed on a GPI-AP/DPPA-
assembly; T, 25°C; reference GPI-AP/DPPA-assembly in D O Tris

buffer; surface concentration = 1.36.10 mol·cm ; dichroic ratio

R, 1.59; angle of light incidence , 45°; number of active internal
reflections N, 35 (cf. Fig. 2 bottom).

2

2

2

Γ
θ

Γ
θ

-12 -2

-10 -2

||

||

⊥

⊥

GPI-AP AND
ADSORBED
POPC

ADSORBED
POPC


