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Abstract

The hydrophilic part of membrane proteins plays an
important role in the formation of 3D crystals. The
construction of fusion proteins using well crystallizing
proteins as fusion partners is a possibility to increase
the hydrophilic part of membrane proteins lacking
large hydrophilic domains. These fusion proteins
might be easier to crystallize.

Two bifunctional fusion proteins containing the
membrane-bound, lactose-specific enzyme IIC domain
of the lactose transporter (IICBlac) from S. aureus as
N-terminal fusion partner were constructed by gene
fusion. The C-terminal fusion partners were S. aureus
6-P-ß-Galactosidase and GFP, respectively. Both
proteins were overexpressed in E. coli, purified to
homogeneity and kinetically characterized: In the
presence of the components of the lactose
phosphotransferase system of S. aureus, the hybrid
proteins phosphorylated their substrates, indicating
that the fusion partners are sufficiently flexibly linked
to allow the interaction of the IIClac domain with the
IIBlac domain of the lactose transporter. The activity of
the 6-P-ß-Galactosidase as well as the fluorescence
of GFP were preserved in the fusion proteins. The Vmax
values determined for the IIC domain in the fusion
proteins were dramatically reduced compared with the
values determined for the separate IIClac domain and
the complete lactose transporter (IICBlac). The Km
values were only slightly increased indicating that the
Vmax values are much more influenced by the fusion
than the substrate affinities. The substrate affinity and
the Vmax value determined for the GFP-fused IIClac

domain are higher than for the 6-P-ß-Galactosidase-
fused IIClac. These results suggest that the fusion with
GFP enables a better interaction with the IIBlac domain
than the fusion with 6-P-ß-Galactosidase. Moreover,
the GFP-fused IIClac domain proved to be more stable
than the 6-P-ß-Galactosidase fusion protein.

Introduction

The formation of 3D crystals of membrane proteins suitable
for X-ray analysis apparently depends on the size and the
accessibility of their hydrophilic parts (Kuehlbrandt et al.,
1988). The difficulties in the crystallization of membrane
proteins lacking large, well accessible hydrophilic parts
could be overcome by increasing these hydrophilic
portions. One successful approach regarding this problem
was the co-crystallization of the membrane protein
cytochrome c oxidase with a monoclonal antibody fragment
(Iwata et al., 1995). Another approach to solve this problem
could be the construction of fusion proteins displaying the
activities of both fusion partners. Proteins suitable as fusion
partners should be soluble, structurally well characterized
and easily detectable during the purification procedure. In
this study, we tested the suitability of S. aureus 6-P-ß-
Galactosidase and A. victoria GFP as C-terminal fusion
partners for the lactose-specific IIC domain of the
phosphoenolpyruvate-dependent phosphotransferase
system (PTS) from S. aureus. We describe the
construction, purification and kinetic characterization of the
fusion proteins.

The PTS catalyzes the transport and concomitant
phosphorylation of various carbohydrates in bacteria. It
consists of the general cytoplasmatic components, enzyme
I (EI) and the histidine-containing protein (HPr), as well as
the sugar-specific enzymes II (reviewed in Postma et al.,
1993; Lengeler et al., 1994). The enzymes II comprise at
least three structural and functional domains designated
IIA, IIB and IIC. The domains may exist as separate proteins
or as a single protein.

Till now the structures of many soluble components of
the PTS were solved by NMR or X-ray crystallography.
But the structures of the membrane-bound components,
the sugar-specific enzymes II, remain to be determined.

The lactose-specific enzyme II of the PTS from S.
aureus is an integral membrane protein. It consists of the
hydrophilic IIB domain and the hydrophobic IIC domain
which are connected by a flexible linker (Finkeldei and
Hengstenberg, 1991). The IIC domain binds and transports
lactose which is phosphorylated by the IIB domain at the
galactose moiety. The structures of IIB domains from

Abbreviations
DG2 2(N-dansyl)aminoethyl-ß-D-thiogalactoside
GFP green fluorescent protein
IIClac IIC domain of the lactose-specific enzyme II
IICBlac lactose-specific enzyme II
MUG 4-methylumbelliferyl-ß-D-galactopyranoside
ONPG 2-nitrophenyl-ß-D-galactopyranoside
PEP phosphoenolpyruvate
PMSF phenylmethylsulfonyl fluoride
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different phosphotransferase systems and organisms have
been solved (Ab et al., 1997; Eberstadt et al., 1996; Seip
et al., 1997; van Montfort, 1997), but the tertiary structures
of all IIC domains are still unknown. According to a model
described by Lengeler (1994), the IIClac domain of S. aureus
may consist of eight putative transmembrane helices and
proved to be biologically active separated from the IIB
domain (Kowolik and Hengstenberg, 1998).

Results

Plasmid Construction
For the construction of a IIClac/6-P-ß-Galactosidase hybrid
protein by gene fusion, an XbaI restriction site was created
by PCR at codon 425 of the lacE gene which was present
in the plasmid pUC18 lacE and encodes the lactose
transporter from S. aureus. The PCR product encoding
the IIC domain (residues 1-424) of the lactose transporter
was cleaved with SacI/XbaI and subcloned into the plasmid
pSK lacG carrying the gene for the S. aureus 6-P-ß-
Galactosidase. The resulting plasmid pSK lacEC-lacG
encodes the fusion protein IIClac/6-P-ß-Galactosidase. The
linker between the genes codes for two amino acid residues
as shown in Figure 1A. The amino acid sequence was
deduced from the DNA sequence at the fusion joint.

For the construction of a IIClac/GFP fusion protein, the
lacE gene present in the plasmid pUC18 lacE was cut with
HindIII at codon 461 and with SacI. The lacE fragment
coding for the amino acids 1-461 of the lactose transporter
of S. aureus was subcloned into plasmid pUC21. The
resulting plasmid was called pUC21 lacEC. The GFP gene
was excised from plasmid pGFP using BamHI/EcoRI and
subcloned into plasmid pUC21 lacEC. The resulting
plasmid pUC21 lacEC-GFP encodes the IIClac/GFP fusion
protein. Due to the construction of the gene fusion, the
linker between the two genes codes for 21 residues (Figure
1B) and contains a polylinker region carrying several

restriction enzyme sites. The amino acid sequence was
deduced from the DNA sequence at the fusion joint.

Purification of the Fusion Proteins
E. coli TG1 harboring the plasmid pSK lacEC-lacG or
pUC21 lacEC-GFP was used for the expression of the
hybrid proteins. After a NaOH extraction of the membrane,
the hybrid proteins were effectively solubilized with 2 %
Triton X-100 at pH 8.5. About 85 % of the IIClac activity of
the fusion proteins were detected in the supernatant after
high speed centrifugation. Both fusion proteins were
purified using the following columns: ion-exchange
chromatography on Q-Sepharose, hydrophobic interaction
chromatography on Butyl-TSK and ion-exchange
chromatography on DEAE-TSK. A summary of the
purification steps is given in the  Tables 1 and 2. During
the purification, the fusion proteins were detected using
the 6-P-ß-Galactosidase assay and the fluorescence of

Table 1. Purification of IIClac/6-P-ß-Galactosidase. The protein was purified from 10 g of E. coli TG1 harboring plasmid
pSK lacEC-lacG. Its activity was assayed using the mutant complementation test containing additional 25 µg of H6-IIBlac.

Purification step Total protein Specific activity Purification Yield
(mg/g membrane) (µmol/min x mg)

Membrane 160 0.16 x 10-3 1   100 %
NaOH-treated membrane 66 0.34 x 10-3 2.1     88 %
Solubilization 32 0.90 x 10-3 5.6   113 %
Q-Sepharose 12 1.64 x 10-3 10.3     77 %
Butyl-TSK 4 2.64 x 10-3 16.5     41 %
DEAE 1 5.88 x 10-3 36.8     23 %

Table 2. Purification of IIClac/GFP. The protein was purified from 12 g of E. coli TG1 haboring plasmid pUC21 lacEC-
GFP. Its activity was assayed using the mutant complementation test containing additional 25 µg of H6-IIBlac.

Purification step Total protein Specific activity Purification Yield
(mg/g membrane) (µmol/min x mg)

Membrane 175 0.37 x 10-3 1 100 %
Solubilization 110 0.61 x 10-3 1.6 104 %
Q-Sepharose 27 1.64 x 10-3 4.4 68 %
Butyl-TSK 6 4.56 x 10-3 12.3 42 %
DEAE 1.8 13.62 x 10-3 37.0 38 %

A)       421 422 423 424
   lacE- GAA GAA GAA GGA TCT AGT ATG ACT AAA ACA
          E   E   E   G   S   S   M   T   K   T

(B)      460 461
   lacE- AAA GCT GAC GGG  CCC GGT ACC GCG GCC GCA CTT
          K   A   D   G    P   G   T   A   A   A   L

        AAG TTA CGC GTG GAT CCC CGG GTA CCG GTA GAA
         K   L   R   V   D   P   R   V   P   V   E

        AAA ATG AGT
         K   M   S

Figure  1. Sequences of nucleotides and respective amino acids of the
linker region between the fused IIClac domain and 6-P-ß-Galactosidase (A)
and between the IIClac domain and GFP (B). Unchanged sequences are
printed in bold face. Additions and substitutions are indicated in italics.
Residue numbers refer to the IICBlac sequence.
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GFP, respectively. The results of the IIClac activity assay
indicated that the two activities of the fusion proteins were
co-purified. 1 mg of the 6-P-ß-Galactosidase-fused IIClac

domain and 1.5 mg of GFP-fused IIClac domain could be
purified from 10 g of cells (wet weight). As revealed by
SDS-PAGE, the fusion proteins were 90 % pure (Figure 2
and 3). The reaction of the hybrid proteins with antiserum
prepared against S. aureus IICBlac was demonstrated by
Western blotting (Figure 2, 3). IIClac/6-P-ß-Galactosidase
reacted also with an antiserum prepared against S. aureus
6-P-ß-Galactosidase. The activity of both hybrid proteins
was more stable when stored with 0.1 mM lactose and
50% glycerol than without these additives. IIClac/GFP
possesses a 50 % higher stability than the other fusion
protein. It was stable for about three weeks at - 20°C and
for about two weeks at 4°C.

Kinetic Characterization
The Km and Vmax values for MUG have been determined
using purified fusion proteins and a histidine-tagged IIBlac

domain (H6-IIBlac). The phosphorylation of MUG was
measured fluorimetrically by the increase of the 4-
methylumbelliferone concentration due to the activity of 6-
P-ß-Galactosidase. The kinetic constants were evaluated
from Lineweaver-Burk plots. The calculated Km and Vmax
values determined for the hybrid proteins as well as for
the separate IIC domain and the complete lactose
transporter (IICBlac) were summerized in  Table 3.

 The Km values for the fusion proteins were 7-10 times
higher than that determined for the complete lactose
transporter IICBlac (Koch, pers. commun.). Compared with
the Km value of the separate IIClac/IIBlac domains, the Km

values for the fusion proteins were increased by a factor
of 3. The fusion proteins possess similar Km values for
MUG. The Vmax values of the fusion proteins were 0.5 %
and 2 % of IICBlac, respectively. The Vmax value determined
for IIClac/GFP was 40 % of the separate IIClac domain,
whereas the Vmax for IIClac/6-P-ß-Galactosidase was only
9 % of IIClac.

Further the phosphotransfer from the IIB domain to
the substrate ONPG was measured in an assay using
different amounts of the purified hybrid proteins. The Km
and Vmax values were calculated from a Lineweaver-Burk
plot and summarized in  Table 4.
The Km values determined for the fusion proteins were
increased by a factor of 7-11 when compared with those
determined for IICBlac-His (Peters et al., 1995). The Km
value determined for the separate IIC domain was about
three times lower than those determined for the fusion
proteins. The Vmax value of IIClac/6-P-ß-Galactosidase was
decreased by a factor of 300 when compared with IICBlac-
His. The Vmax value of IIClac/GFP was about 1 % of IICBlac-
His. Compared with the Vmax value determined for the IIC
domain, the Vmax values determined for the fusion proteins
were decreased by a factor of 3 and 12, respectively.

Discussion

Two different bifunctional fusion proteins containing the
IIClac domain of the lactose-specific phosphotransferase
system from S. aureus have been constructed by gene
fusion. Both fusion proteins were able to catalyze the
phosphotransfer from the IIBlac domain to the substrate.
The 6-P-ß-Galactosidase activity as well as the

Figure  3. Coomassie blue stained 10 % SDS gel of
purification steps of IICBlac /GFP and Western  blot of the
purified protein. Lane 1 Membrane preparation of induced
E. coli TG1 transformed with plasmid pUC21 lacEC-GFP.
Lane 2 Solubilized membrane proteins. Lane 3 Pool of Q-
Sepharose fractions. Lane 4 Pool of Butyl-TSK fractions.
Lane 5 Pool of DEAE-TSK fractions. Lane 6 Molecular
weight marker. Lane 7 Western blot of purified IICBlac /
GFP

Figure  2. Coomassie blue stained 10 % SDS gel of
purification steps of IIClac/6-P-ß-Galactosidase and
Western blot of the purified protein. Lane 1 Membrane
preparation of induced E. coli TG1 transformed with
plasmid pSK lacEC-lacG. Lane 2 NaOH-treated
membrane. Lane 3 Solubilized membrane proteins.
Lane 4 Pool of Q-Sepharose fractions. Lane 5 Pool of
Butyl-TSK fractions. Lane 6 Pool of DEAE-TSK
fractions. Lane 7 Molecular weight marker. Lane 8
Western blot of purified IIClac/6-P-ß-Galactosidase  (5
µg):  reaction with antiserum prepared against S.
aureus IICBlac. Lane 9 Western blot of purified IIClac/
6-P-ß-Galactosidase  (5 µg):  reaction with antiserum
prepared against S. aureus 6-P-ß-Galactosidase.

 - 100 kD
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 -   70 kD
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 -   50 kD
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fluorescence of GFP were preserved in these proteins.
These results indicate that the polypeptide chain can fold
sufficiently independently to yield autonomous domains and
suggest that the three dimensional structure of the fusion
partners is not altered significantly. Both fusion proteins
could be easily detected during the purification steps due
to the biological activities of the hydrophilic fusion partners.
Since most membrane proteins are not stable in the
solubilized state for a long time, an easy detection is
important for the decision to use 6-P-ß-Galactosidase or
GFP as fusion partner because it reduces the time
necessary for the purification of the fusion proteins.

The Km values for MUG determined for the fusion
proteins were only slightly increased compared with the
native enzyme or the separate IIC domain. Compared with
IICBlac, the Vmax values for the hybrid proteins were
dramatically decreased, indicating that the substrate affinity
was less influenced by the fusion than the velocity of
reaction.

When the kinetic characteristics of the fusion proteins
were compared, it became evident that substrate affinity
of the GFP-fused IIC domain was higher than that for the
other fusion protein. The Vmax value for IIClac/GFP was
higher than that for the 6-P-ß-Galactosidase-fused protein.
These results suggest that the fusion of the IIC domain
with GFP allows a better interaction of the IIC domain with
the IIB domain. A possible explanation for these results
could be the different molecular weights and the different
shapes of the fusion partners, since the molecular weight
of 6-P-ß-Galactosidase (54 kD) is twice as high as the
molecular weight of GFP (27 kD). The different lengths of
the linkers between the fusion partners might as well play
an important role in this respect. In contrast to IIClac/6-P-
ß-Galactosidase, the IIClac/GFP fusion protein contains the
whole flexible linker of the lactose transporter whose amino
acid sequence is not conserved among the enzymes II of
the lactose class. It might help to allow sufficient
conformational flexibility to permit correct folding and a
better interaction with the IIB domain.

Both fusion partners seemed to be suitable for the
construction of fusion proteins with the N-terminal
membrane-bound IIClac domain. 6-P-ß-Galactosidase was
already previously successfully used as fusion partner for
S. aureus protein A in order to construct an enzyme
conjugate for enzyme-linked immunosorbent assays
(ELISA) (Witt et al., 1992). Its structure has not yet been
determined by X-ray crystallography. But considering the
high degree of amino acid sequence identity of 81% that
the 6-P-ß-Galactosidases from S.aureus and L. lactis
(Wiesmann et al., 1995) display, it might be possible that
both enzymes can be crystallized in a very similar way.

GFP from A. victoria has been used as N-terminal and C-
terminal fusion partner (Cubitt et al., 1995). Its stability to
a variety of harsh conditions including extreme pH value
and several detergents, e.g. SDS (Prasher et al., 1992)
favours it as a suitable, hydrophilic fusion partner for
membrane proteins. Its structure is already known (Ormoe
et al., 1996).

Several crystallization experiments have been reported
as successful after the construction of fusion proteins.
Different fusion partners have been used, e.g. glutathione-
S-transferase (Kuge et al., 1997; Lally et al., 1998) or
thioredoxin (Stoll et al., 1998). Therefore the construction
of fusion proteins could be an attractive alternative to the
formation of an antibody complex in order to facilitate the
crystallization of membrane proteins which otherwise do
not crystallize or do not produce well-ordered crystals
suitable for X-ray structure determination.

Experimental Procedures

Strains and Plasmids
E. coli TG1 (Gibson, 1984) was used for the overexpression of both fusion
proteins. Plasmid pUC18 lacE (Finkeldei and Hengstenberg, 1991)
contained the gene coding for IICBlac of S. aureus. pSK lacG contained the
gene for the S. aureus 6-P-ß-Galactosidase (Witt et al., 1992). Plasmid
pGFP containing the gene for the green fluorescent protein (GFP) was
obtained from Clontech.

Plasmid Construction
The strategy used for the construction of a plasmid with an in-frame fusion
between the part of the lacE gene coding for the IIC domain and the lacG
gene encoding the S. aureus 6-P-ß-Galactosidase is subsequently
described: An XbaI restriction site was created by PCR in the lacE gene
encoding IICBlac. The 1400 bp PCR product encoding the amino acids 1-
424 of IICBlac was cut with XbaI at codon 425, treated with Klenow enzyme
and cleaved with SacI. The plasmid pSK lacG carrying the gene for the 6-
P-ß-Galactosidase was cut with NdeI, whose restriction site was located
between the nucleotides one and two upstream of the start codon of lacG,
treated with Klenow enzyme and cleaved with SacI. The PCR product and
the plasmid were ligated. The resulting plasmid pSK lacEC-lacG encodes
the fusion protein IIClac/6-P-ß-Galactosidase. The sequence of IIClac and
the linker region was verified by DNA sequencing.

The plasmid pUC21 lacEC-GFP encoding the fusion protein IIClac/
GFP was constructed as follows: pUC18 lacE was cut with HindIII, treated
with Klenow enzyme and subsequently cleaved with SacI. The lacE fragment
coding for the amino acids 1-461 of IICBlac was ligated with SacI, HincII
cleaved plasmid pUC21. The resulting plasmid pUC21 lacEC as well as
the plasmid pGFP carrying the GFP gene were cut with BamHI, EcoRI.
The DNA fragment coding for GFP was ligated with plasmid pUC21 lacEC.
The resulting plasmid pUC21 lacEC-GFP encodes the fusion protein IIClac/
GFP.

Protein Purification
E. coli harboring plasmid pSK lacEC-lacG or pUC21 lacEC-GFP was grown
in LB medium containing 50 mg/l of ampicillin. When the cells had reached
an A578 of 1 the expression of the fusion proteins was induced by addition
of 0.5 mM IPTG. 10 g of cells obtained from 4 l were resuspended in buffer
A (50 mM Na-phosphate, pH 7.5, 0.2 mM NaCl, 0.1 mM PMSF, 0.1 mM
dithiothreitol) and disrupted by sonication. Cell debris was removed by low
speed centrifugation (10000 x g, 10 min, 4°C). Membranes were isolated
by centrifugation for 3 h at 170000 x g and 4°C.

Table 4. Kinetic constants of IIClac/6-P-ß-Galactosidase and IIClac/GFP
determined for ONPG. The Km and Vmax values for ONPG were determined
with the purified fusion proteins; the values for the other proteins were
determined with purified IICBlac-His (Peters et al., 1995) and purified IIClac-
H6 (Kowolik et al., 1998).

KM Vmax

IIClac/6-P-ß-Galactosidase 4.3 µM   0.1 nmol/min
IIClac/GFP 2.6 µM   0.4 nmol/min
IIClac-6H 1.3 µM   1.2 nmol/min
IICBlac-His 0.4 µM  29.4 nmol/min

Table 3. Kinetic constants for MUG. The Km and Vmax values for the
phosphorylation of MUG were determined with the purified fusion proteins;
the values for the other proteins were determined with the purified IIClac-H6
(Kowolik et al., 1998) and purified IICBlac (Koch, pers. commun.).

KM Vmax

IIClac/6-P-ß-Galactosidase 1.50 mM  4 µmol/min
IIClac/GFP 1.05 mM 17 µmol/min
IIClac-6H 525 µM  42 µmol/min
IICBlac 158 µM 821µmol/min
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NaOH Extraction
1 g of membrane was suspended in buffer B (50 mM Na-phosphate, pH
8.5, 0.1 mM lactose, 1 mM (-mercaptoethanol, 0.1 mM PMSF, 10 % glycerol).
The pH was adjusted to pH 11 by addition of NaOH. After an incubation for
10 minutes at room temperature the membrane was collected by
centrifugation at 170000 x g and 4°C for 3 h.

Solubilization
1 g of NaOH treated membrane was resuspended in buffer C (50 mM Na-
phosphate, pH 8.5, 0.1 mM PMSF, 1 mM (-mercaptoethanol). Membrane
proteins were solubilized with 2 % Triton X-100. After an incubation for 1 h
at 4°C under permanent stirring, the membrane suspension was centrifuged
at 170000 x g for 1 h at 4°C.

Q-Sepharose Chromatography
A Q-Sepharose column (Pharmacia, 1.5 x 6 cm) equilibrated with buffer D
(buffer C containing 0.5 % Triton X-100) was loaded with the supernatant
and washed with 2 bed volumes of buffer C. The protein was eluted with a
step gradient of 0 - 0.5 M NaCl using steps of 0.05 M NaCl. 4 Fractions of
2.5 ml were collected per step and screened using the 6-P-ß-Galactosidase
assay and the fluorescence, respectively.

Butyl-TSK Chromatography
The fractions containing the fusion protein were pooled, adjusted to 20 %
ammonium sulfate and loaded onto a butyl-TSK column (Toyohaas, 1.5 x 6
cm). After washing with 2 bed volumes of buffer D containing 20 %
ammonium sulfate, the protein was eluted with a step gradient of 20 % - 0
% ammonium sulfate using steps of 2.5 %. 4 fractions of 2.5 ml were
collected per step.

DEAE-TSK Chromatography
Fractions containing the fusion protein were pooled, dialyzed against 2 l of
buffer C overnight and applied to a DEAE-TSK column (Pharmacia, 1.5 x 6
cm). After washing with 2 bed volumes of buffer D, the protein was eluted
with a step gradient of 0 - 0.3 M NaCl using steps of 0.05 M NaCl. 4 fractions
of 2.5 ml were collected per step.

6-P-ß-Galactosidase Activity Assay
For the determination of 6-P-ß-Galactosidase activity in fractions, ONPG-
6-P (prepared as described by Hengstenberg and Morse, 1969) was used
as substrate. The assay was performed at 37°C with 100 µl of the eluted
fractions containing 0.2 mM ONGP-6-P. After 30 min the reaction was
stopped by addition of 400 µl 0.5 M sodium carbonate and 10 µl SDS. The
absorbance of the o-nitrophenolate was measured at 405 nm.

Fluorescence Detection
Fluorescence of the GFP-fused EIIClac was detected using an Eppendorf
fluorimeter 1030 (excitation wavelength: 313-366 nm; emission wavelength:
400-3000 nm).

EIIClac Activity Assay
A mutant complementation assay was performed at 37°C with the crude
extract of S. aureus strain 825A containing an inactive IICBlac, 6-P-ß-
Galactosidase and additional 25 µg of H6-IIBlac as described previously
(Kowolik et al., 1998).

For the kinetic characterization of the phosphotransfer from IIB to the
substrate in the presence of the fusion proteins, an assay was carried out
at 37°C in 50 mM Tris-HCl, pH 7.5 containing 5 mM MgCl2, 5 mM PEP, 2
mM ONPG, 20 µg of H6-IIBlac, 5 µg of EI, 5 µg of HPr, 5 µg of EIIAlac and 5
µg of 6-P-ß-Galactosidase from S. aureus. The reaction was started by
addition of various concentrations of the fusion proteins. The absorbance
of the o-nitrophenolate was measured at 405 nm.

Phosphorylation of 4-Methylumbelliferyl-ß-D-Galactoside
For the kinetic characterization of the fusion proteins, the substrate analogue
4-methylumbelliferyl-ß-D-galactopyranoside (MUG) was used.
Phosphorylated MUG is hydrolyzed by 6-P-ß-Galactosidase. The increasing
concentration of the fluorescent 4-methylumbeliferone was measured in
an Eppendorf fluorimeter 1030 (excitation wavelength: 313-366 nm;
emission wavelength: 400-3000 nm). The phosphorylation assay was carried
out at 37°C in a total volume of 0.2 ml containing 50 mM Tris-HCl, pH 7.5,
5 µg of EI, 5 µg of HPr, 5 µg of EIIAlac, 20 µg of H6-IIBlac, 5 µg of 6-P-ß-
Galactosidase from S. aureus, 10 µg of the fusion proteins, 1 mM MgCl2
and 10 mM PEP. The reaction was started by addition of different amounts
of MUG.

Other Techniques
Protein concentrations were estimated as described by Findlay (1990) using
bovine serum albumin as the standard. The purity of the protein was checked
by SDS-PAGE according to the method of Laemmli (1970).

For the protein transfer from SDS/polyacrylamide gels to a
nitrocellulose sheet (Schleicher and Schuell, Ba-S 85), a Biometra Semidry
Blot was used. Western blotting was performed according to the Bio-Rad
Immuno-Blot protein A-horseradish-peroxidase conjugate manual.
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