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Abstract

The question whether proteins fused to [31,4galactosyltransferase (4GalT-1) influence the biocatalytic properties of the glycosyltransferase
has not been addressed so far. In the present study we have chosen a novel approach to express the gene encoding for human B4GalT-1 from
placenta in an N-terminal fusion with the pre-propeptide of the lipase from Staphylococcus hyicus. The pre-propeptide provides a secretion signal
in Escherichia coli and was reported to protect fused proteins against proteolytic degradation. Expression of the fusion protein was challenged
with an almost full-length version of human 4GalT-1 including parts of the signal anchor and the stem region (propeptide-natB4GalT-1) and the
full catalytic domain (Hisgpropeptide-cat4GalT-1), respectively. We demonstrate that the fusion protein in propeptide-nat4GalT-1 is cleaved off
during purification using immobilized metal ion chromatography IMAC, most probably catalyzed by the immobilized Zn?** ions. Cleavage can be
avoided by deletion of five C-terminal amino acids of the propeptide and the stem region yielding Hisgpropeptide-catB4GalT-1. Kinetic data reveal
that both enzyme constructs possess specific biocatalytic characteristics when compared to a recombinant luminal 34GalT-1 construct. The catalytic
efficiency towards more hydrophobic acceptor glycosides, e.g. benzyl 2-acetamido-2-deoxy-[3-D-glucopyranoside and p-nitro phenyl 2-acetamido-
2-deoxy-B-D-glucopyranoside, and the N-glycans of IgG from rat is significantly increased. In summary, the Hisgpropeptide-catf4GalT-1 is very
useful for biocatalytic applications involving hydrophobic acceptor glycosides and the propeptide-nat34GalT-1 is able to glycosylate glycoproteins
in an efficient way.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction in the presence of manganese as a cofactor from UDP-galactose

to N-acetylglucosamine to form N-acetyllactosamine (Galf31-

B1,4-Galactosyltransferase 1 (EC 2.4.1.38, f4GalT-1) is the
best characterized Leloir-glycosyltransferase in glycobiology.
Together with six other members it belongs to the homologous
B4GalT family [1,2] in the CAZY family 7 of inverting glyco-
syltransferases (http://afmb.cnrs-mrs.fr/CAZY/). Many papers
have elucidated different aspects on $4GalT-1 concerning the
genetics [3], the biochemistry, and cell biology [4], as well as its
3D-structure [5-8]. B4GalT-1 is known to transfer b-galactose
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4GIcNAcB1-R, LacNAc type 2) (Scheme 1A). Together with
a-lactalbumin B4GalT-1 constitutes the lactose synthase (EC
2.4.1.22) which specifically synthesizes lactose. As a type II
transmembrane glycoprotein $4GalT-1 is a trans-Golgi resident
enzyme with a short N-terminal cytoplasmic sequence, a trans-
membrane anchor, a short stem region, and a large C-terminal
catalytic domain (Scheme 2) [9-11]. Soluble forms of the mam-
malian enzyme can be found in several body fluids, e.g. typically
in serum and milk due to proteolytic cleavage sites in the stem
region.

Since LacNAc (type 2) is a basic structural element of ter-
minal carbohydrate ligands (Lewis*, Lewis?, blood groups) and
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Scheme 1. Reaction of 31,4-galactosyltransferase constructs (A) using the acceptor substrates (B) GIcNAc, benzyl 2-acetamido-2-deoxy-f-D-glucopyranoside
(Bn-GlcNAc), and p-nitrophenyl 2-acetamido-2-deoxy-p-D-glucopyranoside (pNP-GIcNAc). Additionally, rat IgG was tested as acceptor substrate.

poly-LacNAc in glycoproteins and lipids the in vitro synthesis
of LacNAc-containing (neo)glycoconjugates is still highly inter-
esting for screening carbohydrate—protein interactions. 34GalT
preparations from bovine or human milk were employed in bio-
catalytic in vitro processes yielding LacNAc and derivatives
thereof [12—15]. The in vitro synthesis of LacNAc deriva-

tives was pushed using recombinant 34GalT-1 in combination
with the development of efficient microbial expression systems
[16—-19]. Strategies for the expression of soluble human 34GalT-
1 in Escherichia coli were aimed at minimizing the formation
of inclusion bodies [18] and secretion into the oxidizing envi-
ronment of the periplasm because of a single disulfide bond
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Scheme 2. Alignment of bovine B4GalT-1 (P08037 with 402 amino acids, GenBank accession number X14558) and human 34GalT-1 (from human placenta, P15291

(minus S11) with 397 amino acids, GenBank accession number X14085) [11,52]. LLVAVCAL.. .:

and stem region; S start of the minimal catalytic domain. The human enzyme was used in this study.

transmembrane domain; RDLRRLP. . .:

start of lumenal region
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Scheme 3. Enzyme constructs used in this study. The propeptide-natB4GalT-1
and the lumB4GalT-1 are secreted into the periplasm of Escherichia coli, by
which the pre-peptide secretion signal (38 amino acids, light grey) of the lipase
from Staphylococcus hyicus and the pelB leader sequence (23 amino acids,
light grey) are cleaved off. The Hisgpropeptide-cat4GalT-1 is expressed in the
cytoplasm of E. coli. Propeptide-natB4GalT-1: propeptide sequence (207 amino
acids, dark grey) of the lipase from S. hyicus. The human B4GalT-1 sequence
starts with 11 amino acids of the signal anchor sequence (underlined), followed
by the stem region (33 amino acids) and the catalytic domain (321 amino acids,
in bold black). Hisgpropeptide-catB4GalT-1: propeptide sequence deleted by C-
terminal DKKPY (202 amino acids) and 323 C-terminal amino acids of human
B4GalT-1 including the catalytic domain. lumB4GalT-1: 354 C-terminal amino
acids of human B4GalT-1 including the 32 amino acids of the stem region and
catalytic domain.

important for activity [20-22]. On the other hand, the produc-
tion of inclusion bodies was optimized for subsequent refolding
of active bovine 34GalT-1 [16,23]. Expression of recombinant
human B4GalT-1 in Saccharomyces cerevisiae or Pichia pas-
toris had to be optimized with respect to secretion into the
culture medium and minimizing hyperglycosylation for binding
of the His-tagged enzyme [17,24,25]. So far, the highest specific
activities for recombinant human 34GalT-1 were reported to be
15 mU/mg for secretion by P. pastoris [24] and 87 mU/mg for
secretion of a maltose-binding-protein (MBP) fusion protein by
E. coli [22]. The latter was characterized after cleaving off the
MBP fusion protein.

Biocatalytic applications employing the recombinant cat-
alytic domain of bovine and human (4GalT-1 (Scheme 2)
resulted in a range neoglycoconjugates by the use of non-natural
donor or acceptor substrates [26,27]. Due to the high homology
of the catalytic domains differences in the biocatalytic properties
of both enzymes were not described and are not expected. How-
ever, the question whether an intact fusion protein of B4GalT-1
provides a glycosyltransferase with distinct properties has not
been addressed.

In the present study we have chosen a novel approach to
express the gene encoding for human 34GalT-1 from placenta.
The N-terminal fusion with the pre-propeptide (245 amino acids)
of the lipase from S. hyicus (Scheme 3) provides the short N-
terminal hydrophilic pre-peptide (38 amino acids) followed by
along hydrophobic propeptide (207 amino acids) [28]. The pre-
propeptide was previously used for secretion of heterologous

proteins in gram-positive bacteria [29] because of its protection
of the fused target proteins against proteolytic degradation. In
addition, the pre-peptide represents a secretion signal in E. coli
[30] giving periplasmic expression.

In contrast to other strategies where the production of
the minimal catalytic domain of B4GalT-1 in E. coli was
optimized, our first experiment challenged the expression of
the almost full-length gene of human 4GalT-1 in order to
determine the biocatalytic properties of the resulting enzyme
construct. The full length B4GalT-1 from human placenta
[11] (Scheme 2) deleted by 32 N-terminal amino acids was
fused at the N-terminus with the pre-propeptide (Scheme 3).
This novel construct is expressed in the periplasm of E.
coli as soluble protein. We report here on the properties of
the propeptide construct of B4GalT-1 during IMAC purifica-
tion and its kinetic characteristics. These investigations led us
further to a fusion construct of the propeptide with the cat-
alytic domain of $4GalT-1 alone yielding soluble expression
of human (B4GalT-1 in the cytoplasm of E. coli. By com-
parison with the luminal B4GalT-1 actively expressed in the
periplasm of E. coli we further demonstrate that both fusion con-
structs exhibit distinct biocatalytic properties towards different
monosaccharide acceptor substrates (Scheme 1B) and IgG as
glycoprotein.

2. Materials and methods
2.1. General methods

PCR reactions were performed using Taq-Polymerase from
Eppendorf® (Hamburg, Germany). PCR Products and plasmids
were purified by “MinElute Kits”, “Plasmid Purification Kit”
(QIAGEN®, Hilden, Germany), “Wizard® SV Gel”, and the
“PCR Clean-Up System” from Promega® (Mannheim, Ger-
many). Restriction enzymes, alkaline phosphatase (Shrimps),
and the “Rapid DNA Ligation Kit” were from Roche® (Basel,
Switzerland). The integrity of all gene constructs was confirmed
by sequencing (Sequiserve, Vaterstetten, Germany).

3. Synthesis of p-nitrophenyl 2-acetamido-2-deoxy-[3-D-
glucopyranoside (pNP-GlcNAc)

2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-
glucopyranosyl chloride [31,32].

A suspension of 2-acetamido-2-deoxy-D-glucose (25g,
0.113 mmol) in acetyl chloride (50 mL) and CH,Cl, (100 mL)
was stirred overnight. The reaction mixture was diluted with
further portion of CH,Cl, (100 mL) and poured onto water—ice
mixture. The organic phase was extracted with ice-cold saturated
aqueous solution of NaHCO3 (2x 150 mL) and with ice-cold
water (150 mL). The organic phase was dried (Na;SQOy4), con-
centrated and precipitated with rapid addition of dry diethyl
ether (200mL). After 4h a white crystalline precipitate was
filtered off, washed with dry ether and shortly dried on air yield-
ing the title compound (33 g, 80%). The NMR spectra were in
compliance with literature [33].
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p-Nitrophenyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-3-D-
glucopyranoside [34].

A solution of 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o-D-
glucopyranosyl chloride (3.51 g, 9.6 mmol), tetrabutylammo-
nium hydrogen sulfate (3.27 g, 9.6 mmol), and p-nitrophenol
(2.67 g, 19.2mmol) in a mixture of CH,Cl; (35mL) and 1 M
NaOH (35 mL) was stirred vigorously for 1 h. The mixture was
extracted with CH,Cl; (4 x 75 mL), and washed with 1 M NaOH
(4x 200mL) and water (until the yellow colour disappeared).
Combined organic phases were dried (Na;SO4) and evaporated
in vacuo. The residue was crystallised from MeOH/EtOAc to
give title compound (3.4 g, 76%). The NMR spectra were in
compliance with literature [35].

p-Nitrophenyl 2-acetamido-2-deoxy-f-D-glucopyranoside
[34].

The above p-nitrophenyl 2-acetamido-3,4,6-tri-O-acetyl-2-
deoxy-B-D-glucopyranoside (2.45 g, 5.2 mmol) was suspended
in dry MeOH (70 mL). Methanolic solution of NaOMe (1 M,
2.5mL) was added and the mixture was stirred until dissolu-
tion was complete (5 min). Dowex S0WX2-200 (5 g, previously
washed in methanol) was added and after 1 min removed by fil-
tration. The solution was evaporated in vacuo to dryness. White
solid was recrystallised from water and suspended in acetone
(50 mL). The mixture was stirred for 30 min, and the product
was filtered off and dried to give the title compound as white
solid (1.68 g, 94%). The NMR spectra were in compliance with
literature [36].

3.1. Strains

E. coli NovaBlue endAl hsdR17 (rg12 mgi2") supE44 thi-1
recAl gyrA96 relAl lac F' [proA*B* lacliZAM 15:Tnl0 (TcR)]
(Novagen, Darmstadt, Germany) was used for propagation of
plasmids. E. coli BL21(DE3) F~ ompT hsdSg(rg " mp ™) gal dcm
(DE3) was used for the expression of the described 4GalT-1
constructs (Novagen, Darmstadt, Germany).

3.2. Cloning of the f4GalT-1 constructs

3.2.1. Pre-propeptide-natf4GalT-1

The expression vector pLGalTA38 was kindly provided by
Prof. Dr. R. Freudl and Dr. M. Klein (Institute of Biotechnol-
ogy 1, Research Centre Jiilich, Germany). Therefore the gene
encoding human 34GalT-1 from placenta (GenBank accession
number X14085) was cut Styl and ligated with the Styl cut
pUC18 plasmid via blunt end ligation. The resulting vector
was pGalTA38. The following step comprised the restriction
of the pUCI18 derivative pI183K23 SnaBI/HindIII which con-
tained the lipase gene under the control of the lacZ promoter.
The restriction product contained the plasmid (pI183K23) with
the pre-propeptide of the lipase cut SnaBI/HindIII under the
control of the lacZ promoter. This plasmid was ligated via
blunt end ligation with the Styl/HindIII cut pGalT38, result-
ing the coding sequence of human $4GalT-1 from placenta
deleted by the first 32 amino acids. The finally resulting plasmid
pLGalTA38 is a derivative of pUC18 [30] and contains the cod-
ing sequence of human 34GalT-1 from placenta (Swiss-Prot data

bank P15291) deleted by the first 32 amino acids and leaving
11 amino acids of the transmembrane anchor. The N-terminal
fusion with the pre-propeptide sequence of the lipase from
S. hyicus results in the pre-propeptide-nativef4GalT-1 (pre-
propeptide-nat4GalT-1) consisting of 38 amino acids for the
pre-peptide, 207 amino acids for the propeptide, 11 amino acids
signal anchor of human (34GalT-1, 33 amino acids of the stem
region, and 321 amino acids of the catalytic domain (Scheme 3).
The stem region and the catalytic domain constitute the luminal
part of human B4GalT-1 (Scheme 2). The fusion protein (610
amino acids) is under the control of the lacZ promoter with ampi-
cillin resistance as selection marker. The pre-peptide mediates
secretion into the periplasm of E. coli [30] and is cleaved off.
The resulting product is designated propeptide-nat34GalT-1 and
consists of 572 amino acids.

3.2.2. Hisgpropeptide-catB4GalT-1

Site-specific PCR mutagenesis [37] was used to cre-
ate the restriction sites Munl and Xhol for the insertion
of the catalytic domain of the PB4galT-1 gene into the
expression vector pET16b (Novagen, Darmstadt, Germany).
The vector pLGalTA38 was chosen as template using the
two primers 5 -GTCCAATTGGCTCGCTTGTGATGTAA-
ATTT-3’ and 3’-CCGCTCGAGCGGCTAGCTCGGTGTCCC-
GATGTCCACTGTGATTTGGGTATA-5’ for PCR amplifica-
tion of the catalytic domain. Therefore the Tag DNA Polymerase
from Eppendorf® was used following the standard protocol. In
order to fuse the propeptide sequence (207 amino acids deleted
by five C-terminal amino acids) of the lipase of S. hyicus
with the catalytic domain site-specific PCR mutagenesis was
used to create the restriction sites Ncol and Munl for cloning
of the propeptide sequence. The existing vector pLGalTA38
was chosen as template for PCR amplification using the
two primers 5-CATGCCATGGGCCATCATCATCATCAT-
CATAATGATTCGACAACACAAACAACGACACCACTGG-
AAGTCGCTCAAACGTCGCAG-3" and 3'-CTCCAATTGCG-
GACCGGAGGGGCCCGGCC-5'. The PCR fragments coding
for the propeptide and catalytic domain were digested by
Ncol/Munl or Munl/Xhol, respectively, and ligated with
Ncol/Xhol digested pET16b vector) using the rapid DNA
ligation kit from Roche. The resulting expression vector
pTS05 produce Hisgpropeptide-catB4GalT-1 (533 amino acids
including 323 amino acids of B4GalT-1) in the cytoplasm of E.
coli after induction by IPTG (Scheme 3).

3.2.3. LumpB4GalT-1

Site-specific PCR mutagenesis [37] was used to create the
restriction sites Ncol and Xhol for the insertion of the lumi-
nal part of B4galT-1 gene into the expression vector pET22b.
The existing vector pLGalTA38 was chosen as template
using the two primers 5'-CATGCCATGGACCTGAGCCGCCT-
GCCCCAACTGGTC-3’ and 3'-CCGCTCGAGCGGCTAGC-
TCGGTGTCCCGATGTCCACTGTGATTTGGGTATA-5" for
PCR amplification. Therefore the Taqg DNA Polymerase from
Eppendorf® was used following the standard protocol. The
PCR fragment was digested by Ncol/Xhol and ligated with
Ncol/Xhol digested pET22b vector (Novagen, Darmstadt, Ger-



132 B. Sauerzapfe et al. / Journal of Molecular Catalysis B: Enzymatic 50 (2008) 128—140

many) using the rapid DNA ligation kit from Roche. The
resulting vector plumB4GalT-1 provides expression of the
luminal B4GalT-1 (lump4GalT-1, 354 amino acids) into the
periplasm of E. coli (Scheme 3).

3.3. Production and purification of B4GalT-1 constructs

3.3.1. Pre-propeptide-natf4Gall-1

Transformants were grown in 100 mL Erlenmeyer flasks
containing 20mL LB-medium with 100 pg/mL ampicillin.
The cultures were incubated overnight at 37 °C and 130 rpm.
For protein production cells were grown in 5L Erlenmeyer
flasks with 1 L LB-medium containing 100 wg/mL ampicillin.
After 20h incubation at 37 °C (ODggp=0.5-0.6) and 75 rpm
500 L of 1M isopropyl thiogalactoside (IPTG) was added
for a final concentration of 0.5 mM. The cells were harvested
after 2h by centrifugation. A 20% (w/w) cell suspension in
100 mM HEPES-NaOH buffer pH 8 was disrupted by son-
ication and the supernatant was used for further purification
after centrifugation. A two-step procedure with anion exchange
chromatography (IEX) using Q-sepharose fast flow (Pharmacia,
Uppsala, Sweden) as the first step was applied for purifica-
tion of propeptide-nat4GalT-1 from the crude extract. The
crude extract was loaded onto a column (2.6cm x 20cm,
5Sml/min), which was previously equilibrated with 500 mL
50 mM HEPES-NaOH, pH 8. Propeptide-nat34GalT-1 did not
bind and was collected for the second purification step with
IMAC using Zn?*-NTA columns (Qiagen, Hilden, Germany).
The protein fraction from the IEX was loaded onto a column
(2.6cm x 10cm, 5 mL/min) which was previously equilibrated
with 300 mL, 100 mM HEPES-NaOH, pH 8. After a washing
step with the same buffer 25 mM imidazole was added to the
buffer for elution. All fractions were analysed for their protein
concentration [38] and assayed for 4GalT-1 activity.

3.3.2. Hisgpropeptide-catp4GalTl

Transformants were grown as described above. Cells were
grown in 5 L Erlenmeyer flasks with 1 L TB-medium containing
0.1 mM IPTG and 100 pg/mL ampicillin. After 20 h incubation
at 25 °C and 75 rpm the cells were harvested by centrifugation.
A 40% (w/w) cell suspension in 50 mM HEPES-NaOH, 0.3 M
NaCl, 10 mM imidazole pH 8 was disrupted by sonication and
the supernatant was used for the further purification after cen-
trifugation. IMAC using Ni*-NTA columns (Qiagen, Hilden,
Germany) was applied for the purification of the Hisgpropeptide-
catB4GalT1 directly from the crude extract. E. coli crude
extract (30mL) was loaded onto a column (1.6cm x 10cm,
1.5 mL/min), which was previously equilibrated with 200 mL
50 mM HEPES-NaOH, 0.3 M NaCl, 10 mM imidazole pH 8.
After a washing step with 50 mM HEPES-NaOH, 0.3 M NaCl,
20 mM imidazole pH 8 the concentration of imidazole was raised
to 250 mM for elution. All fractions were analysed as described
before.

3.3.3. LumpB4GalT-1
Transformants were grown as described above. Cells were
grown in 5 L Erlenmeyer flasks with 1 L LB-medium containing

0.05 mM IPTG and 100 p.g/mL ampicillin. After 20 h incubation
at 25°C and 75rpm the cells were harvested by centrifuga-
tion. A 30% (w/w) cell suspension in 100 mM HEPES-NaOH
buffer pH 8 was disrupted by sonication and the supernatant
was used for the further purification after centrifugation. Cation
exchange chromatography using SP-sepharose fast flow (Phar-
macia, Uppsala, Sweden) was applied for the purification
of the lumP4GalT1 directly from the crude extract. E. coli
crude extract was loaded onto a column (2.6cm x 9.2cm,
5mL/min) which was previously equilibrated with 300 mL
50 mM HEPES-NaOH, pH 7. After a washing step with the same
buffer the elution was carried out using 50 mM HEPES—NaOH,
1 M NaCl, pH 7. The eluted fractions were analysed as described
above.

3.4. Activity assays

The activities of B4GalT-1 constructs were determined by a
photometric assay and a HPLC assay. The photometric assay
was performed according to the method described by Barratt
et al. [39] using the pyruvate kinase/lactate dehydrogenase sys-
tem for the detection of produced UDP. The microtiter plate
assay contained 100 mM HEPES-NaOH, pH 8, 20 mM KClI,
2mM KoHPO4, 4mM MgClp, 1 mM phosphoenolpyruvate,
0.25mM NADH, 10mM benzyl 2-acetamido-2-deoxy-@3-D-
glucopyranoside (Bn-GlcNAc), 2 mM UDP-Gal, 3 mM MnCl,,
5 U pyruvate kinase, and 5 U lactate dehydrogenase in a total vol-
ume of 250 L. The reaction was started by addition of 100 L
enzyme solution and followed at 340 nm at 37 °C. Control exper-
iments for the detection of side activities were done without
donor or acceptor substrate.

Enzyme activity was also determined by HPLC detection
of LacNAc. The assay solution contained 2.5mM UDP-
Gal, 25mM GIcNAc in 100mM HEPES-NaOH pH 8 with
1mM MnCl, and was incubated at 37°C after addition
of enzyme solution. The reaction was stopped at different
time points where the conversion rate was linear by heating
for Smin at 95°C. The centrifuged samples were analysed
by HPLC on a Aminex® Ion Exclusion HPX87H column
(300 mm x 7.8 mm, Bio-Rad, Miinchen, Germany) and elu-
tion with SmM H,SO4 at 65 °C (flow rate 0.5 mL/min, 20 pL
sample volume, detection at 205nm and 254 nm). The con-
centration of formed LacNAc was determined by a standard
calibration curve and used for subsequent calculation of enzyme
units.

For both assays 1 U of 34GalT-1 is the amount of enzyme
producing 1 pwmol product (UDP or LacNAc) per minute.

3.5. SDS-PAGE and western blot

SDS-PAGE analysis of reduced samples was performed with
10-12% precast Bis-Tris NuPAGE®/Nowex®-gel applying the
standard protocol with MOPS as running buffer (Invitrogen,
Paisley, UK). Samples were diluted and 20 wg protein was
loaded onto each slot of the gel. A pre-mixed protein stan-
dard was used for the determination of the molecular mass. The
protein gels were stained with Coomassie blue.
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Table 1
Purification of propeptide-natB4GalT-1, lumPB4GalT-1 and Hisgpropeptide-B34GalT-1
Volume (mL) Total activity (mU) Protein amount (mg) Specific activity (mU/mg) Purification factor (-) Yield (%)
(A) Propeptide-nat4GalT-1 (3.5 g wet cell mass from 1 L culture)
Crude extract 14 5287 198.8 27 1 100
IEX Q-sepharose 80 4600 28.0 163 6 87
IMAC Zn**-NTA 20 2622 5.6 468 17 50
(B) Hisgpropeptide-B4GalT-1 (11.5 g wet cell mass from 1L culture)
Crude extract 34 1466 676.6 2 1 100
IMAC Ni%*-NTA 13 1070 3.0 358 179 73
(C) LumB4GalT-1 (6.2 g wet cell mass from 1L culture)
Crude extract 14 2300 172.9 13 1 100
IEX SP-sepharose 50 1919 19.0 101 7.6 83

Detection of the propeptide-nat4GalT-1 fusion protein
an immunoblot was accomplished by a polyclonal anti-1,4-
galactosyltransferase-3-galactosidase-fusionprotein-antibody
from rabbit (kindly provided by Prof. E.G. Berger, Unversity of
Ziirich, Switzerland) and a polyclonal antibody anti-propeptide-
lipase from rabbit (kindly provided by Prof. Dr. R. Freudl,
Research Centre Jiilich, Germany). Samples of protein fractions
containing propeptide-natB4GalT-1 were separated onto a
10% SDS-PAGE gel and subsequently blotted onto a PVDF
membrane (BioRad, Miinchen, Germany). The membrane
was blocked with 3% BSA in TBS buffer (10 mM Tris—HCI,
150 mM NaCl, pH 7.2). After a washing step with TBS buffer
containing 0.1% Tween 20 the corresponding polyclonal
antibody was applied for specific binding. After washing with
TBS-Tween the blot was incubated with a second antibody,
an anti-rabbit IgG alkaline phosphatase conjugate (Sigma
Chemicals, St. Louis). For alkaline phosphatase detection
blots were incubated with 20mL 100 mM Tris—HCI pH 9.5,
containing 100 mM NaCl, 5 mM MnCl,, 66 p.LL. NBT and 66 p.L
BCIP. The colouring reaction was stopped by adding 100 mM
Tris—HCI pH 6.5, 100 mM EDTA.

Detection of the Hisgpropeptide-catp4GalT-1 was also done
by an immunoblot using a specific anti-Hisg-antibody. Samples
of Hisgpropeptide-catB4GalT-1 were separated on SDS-PAGE
gels and transferred onto PVDF membranes by the NuPAGE®
Western transfer protocol (BioRad, Miinchen, Germany). Mem-
branes were blocked with 3% BSA in TBS buffer (10 mM
Tris—HCl, 150 mM NaCl, pH 7.2). A monoclonal anti-Hise-
antibody conjugated to horse radish peroxidase (HRP) (Roche
Diagnostics, Mannheim, Germany) was used for specific bind-
ing. After a washing step with TBS buffer containing 0.1%
Tween 20 the blots were incubated with DAB substrate (Roche
Diagnostics, Mannheim, Germany) and the HRP reaction was
stopped by removal of the solution and addition of distilled
water.

3.6. Detection of protease activity

The PepTag™ Protease Assay system (Promega, Mannheim,
Germany) was used for testing protease activity during enzyme
purification.

3.7. pH optimum and metal ion dependency

The optimal pH of the different B4GalT1 constructs was
determined by activity measurements in 50 mM citrate buffer
(pH 5-6.8) or 50 mM HEPES-NaOH buffer (pH 6.8-8.2). The
metal ions (1 mM) Mg2+, Ca?*, and Co* were also tested beside
Mn?* under standard assay conditions. All samples were ana-
lyzed by HPLC.

3.8. Kinetic data for GlcNAc, Bn-GlcNAc, and IgG

The kinetic constants were derived from initial rate anal-
ysis by variation of the concentration of one substrate in
the photometric enzyme assay. GIcNAc, GIcNAcB1-Bn, and
IgG were tested as acceptor substrates. Kinetic data for
UDP-Gal were obtained in combination with each tested
acceptor substrate using the purified enzyme fractions as
shown in Table 1. For GlcNAc concentrations between 0 mM
and 50mM at a constant concentration of 2.5 mM UDP-Gal
were used. UDP-Gal was varied from OmM to 8 mM in the
presence of 37.5 mM GlcNAc. Benzyl 2-acetamido-2-deoxy-[3-
D-glucopyranoside (Bn-GlcNAc) concentrations between 0 mM
and 10 mM at a constant concentration of 2 mM UDP-Gal were
tested. UDP-Gal was varied from O mM to S mM in the pres-
ence of 1.5 mM Bn-GIcNAc). Concentrations of reduced and
blocked rat IgG were between O uM and 120 uM at a constant
concentration of 0.5 mM UDP-Gal. Reduction of disulfide bonds
and subsequent blocking by iodacetamide was performed as
described by Liljeblad et al. [40]. UDP-Gal was varied from
0mM to 5 mM in the presence of 10 uM rat IgG.

3.9. Kinetic data and conversion of pNP-GIcNAc

The kinetic constants for the acceptor substrate p-
nitrophenyl 2-acetamido-2-deoxy-p-D-glucopyranoside (pNP-
GIcNAc) were derived from initial rate analysis at a variable
substrate concentration and subsequent analysis by HPLC.
Enzyme solutions were incubated at 30 °C with 5 mM UDP-Gal,
variable concentrations (0—5 mM) of pNP-GIcNAc in 100 mM
HEPES-NaOH pH 7.2 containing 25 mM KCl, 1 mM DTT,
2mM MnCl,, and 0.5U alkaline phosphatase. The reactions
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were stopped by heating for 5 min at 95 °C. The centrifuged sam-
ples were analysed by HPLC using LiChrospher® 100 RP-18
5w column (125 mm x 4 mm, Merck, Germany) with an ace-
tonitrile gradient at room temperature (flow rate 0.5 mL/min,
20 nL sample volume, detection at 205 nm and 254 nm).

Kinetic constants were calculated according to the appropri-
ate kinetic equations by use of SigmaPlot 10 (SPSS Science
Software GmbH, Erkrath, Germany). For comparison of the
conversion of pNP-GIcNAc by the three enzyme constructs the
activity assay were incubated with 2 mU enzyme solutions and
analysed as described above.

3.10. N-Glycan analysis of native and galactosylated rat
IgG by capillary electrophoresis

Enzymatic releases, APTS-labeling of native and galactosy-
lated N-glycans from rat IgG were performed according to the
ProteomeLab Carbohydrate Labeling and Analysis Kit (Beck-
man Coulter, Krefeld, Germany). Subsequent separation of
labeled N-glycans was accomplished by capillary electrophore-
sis (CE) on a P/ACE MDQ apparatus with LIF detection from
Beckman Coulter (Krefeld, Germany). Conditions were applied
as reported by Knudson and Simonian [41].

3.11. Enzymatic release and labeling of N-glycans from
native rat IgG

Three hundred micrograms of rat IgG were reduced as
described. The solution was evaporated to dryness at 50 °C and
subsequently re-suspended in a 45 uL 50 mM NaPOy buffer,
pH 7.5, containing 0.1% SDS and 58 mM 2-mercaptoethanol.
The sample was heated for 20 min at 37 °C. After cooling down
to room temperature 5 wL. of NP-40 non-ionic detergent were
added. For enzymatic N-glycan release PNGaseF was used at a
final concentration of 36.000 U/mL. Incubation time for enzy-
matic release was 14 h at 37 °C. The solution was dried at 60 °C
and subsequently re-suspended by adding 2 pL of 1 M sodium
cyanoborohydride in THF and 2 pL of 100mM APTS in 15%
acetic acid. The reaction mixture was incubated for 90 min at
60°C and 46 pL of millipore HoO were added prior to CE
analysis.

3.12. Enzymatic release and labeling of galactosylated
N-glycans from rat IgG

Three hundred micrograms of rat IgG were reduced as
described. For transfer reactions with propeptide-natB4Gal-T1
1.5 mg/mL IgG and 1.5 mM UDP-Gal were incubated at 37 °C
in 25 mM HEPES, pH 7.4, containing 1 mM MgCl, and 0.1%
(v/v) Triton X-100 and 50 mU/mL of propeptide-natp4Gal-T1
in total volume of 200 wL. Transfer reactions were stopped after
different time intervals by dialysis using ultrafiltration mem-
brane caps (10kD cutoff, Vivaspin 500, Sartorius-Vivascience,
Gottingen). The samples were washed five-times with 500 wL
buffer (50 mM Tris, 150 mM NaCl and 0.1% (v/v) Tween 20,
pH 7.6) and centrifuged at 10,000 rpm and 4 °C. For all further
steps the protocol described above was used.

Galactosylation of rat IgG was followed by calculation of
the relative portion of the peak areas for GO (agalactosyl-bi-
antennary N-glycan), G1 (a1,6 arm-galactosylated bi-antennary
N-glycan), G1’ (al,3 arm-galactosylated bi-antennary N-
glycan), and G2 (fully galactosylated bi-antennary N-glycan).

4. Results and discussion
4.1. Expression of the pre-propeptide-natp4Gall-1

The plasmid pLGalT A38 was used for the active expression
of the pre-propeptide-natB4GalT-1 in the periplasm of E. coli.
Specific activities of up to 10 mU/mg could be already reached
without IPTG induction of the promoter. With IPTG, however,
an expression rate of up to 30 mU/mg was obtained. The for-
mation of inclusion bodies was not observed. With this enzyme
construct we get an equally high specific activity for human
B4GalT-1 expressed in E. coli in comparison to that for recom-
binant $4GalT-1 expressed in yeast [24]. Therefore, we assume
that the pre-propeptide of the lipase of S. hyicus has a positive
effect on the production of human 34GalT-1 by supporting the
formation of the correct conformation of the protein.

Setting up a purification strategy for the fusion protein turned
out to be difficult because binding experiments to Q-sepharose
and SP-sepharose, typical for the propeptide and GalT part,
respectively, failed. However; binding to Zn>*-NTA-IMAC was
successful due to the relative high proportion of histidines in
the propeptide part of the fusion protein (Scheme 3). Therefore,
a combination of IEX (Q-sepharose) and IMAC was chosen
as described above. An enzyme pool of human B4GalT-1 was
obtained without contaminating side activities and is thus suit-
able for further biocatalytic applications (Table 1A).

Immunoblot analysis of a SDS-PAGE gel with the specific
polyclonal antibodies against the propeptide and GalT part,
respectively, revealed a major protein band for the propeptide-
natB4GalT-1 fusion protein in the crude extract, the flow through
fractions of IEX and IMAC as well as the elution fraction after
IMAC (lanes 1, 2, 4, and 5 in Fig. 1A and B, respectively).
However, the immunoblots also reveal that the fusion protein
is cleaved during Zn>*-NTA-IMAC (lane 6 in Fig. 1A and
1B, respectively). The resulting protein fragments are specif-
ically detected by the antibodies indicating the corresponding
propeptide (Fig. 1A, lane 6) and GalT part (Fig. 1B, lane 6).
The calibration of the immunoblot using the standards between
20.8 kDa and 47.5 kDa (for a 12% SDS-PAGE gel) gives molec-
ular masses similar to the calculated ones: 62.1 kDa (63.7 kDa
calculated) for propeptide-natp4GalT-1, 26.6kDa (22.9kDa
calculated) for the propeptide part and 40.4 kDa for the f4GalT-
1 part (40.8 kDa calculated). Fig. 1B (lanes 6 and 7) also reveals
that most of the fusion protein is cleaved. N-Terminal microse-
quencing analysis of the GalT protein band was not successful
due to heterogeneity of the N-terminus. The appearance of
distinct protein fragments detected by specific antibodies sug-
gests that the propeptide-natf4GalT-1 could be cleaved at the
described proteolytic cleavage site between the amino acids 76
and 77 of the human B4GalT-1 (Expasy server, P15291, and
Scheme 2). The heterogeneity of isolated 34GalTs from milk



B. Sauerzapfe et al. / Journal of Molecular Catalysis B: Enzymatic 50 (2008) 128—140 135

106 kD

-
P 81kD

(A) ‘

i

#

’ 47.5kD

35.3 kD

28.2 kD

20.8 kD

(C) 4,8

@B) s -

106 kD
Sommr

1.;%' 1 L R
el Al
* %

47.5kD

03

35.3 kD

28.2kD

20.8 kD

4,6
4,44 ]
4,24
4,0
3,8
3,6
3,4+
3,2
3,01
2,8 T

log MW

v =-1,2899x +4,2634
R =0,9978

0.0 0,2

T T T

0.4 0,6 0,8 1,0
Rf [-]

Fig. 1. Immunoblot analysis of propeptide-natB4GalT-1 during purification. Samples of all steps of the purification were separated by SDS-PAGE (12% gels).
After transfer of the separated protein bands the blots were incubated with a polyclonal antibody against the lipase of Staphylococcus hyicus (A) and a polyclonal
anti-f3-1,4-galactosyltransferase-(3-galactosidase-fusionprotein-antibody from rabbit (B), respectively. Due to the 12% SDS-PAGE gel the standard proteins with
molecular masses between 20.8 kD and 47.5 kD were used for calibration (C) and calculation of the molecular masses of the protein bands. (A) Lanel crude extract;
lane 2 IEX flow through; lane 3 IEX elution; lane 4 IMAC flow through; lanes 5 and 6 IMAC elution; lane 7 protein standard. (B) lane 1, crude extract; lane 2, IEX
flow through; lane 3, IEX elution; lane 4, IMAC flow through; lanes 5—7, IMAC elution; lane 8, protein standard. Calculated molecular masses based on amino acid
sequences (Scheme 3): propeptide-h34GalT-1: 67.2 kDa with 26.1 kDa for the propeptide and 41.1 kDa for 34GalT-1.

caused by proteolysis is well known and is attributed to mul-
tiple proteolytic cleavage sites in the stem region [4,42,43].
In our construct the presence of the stem region could cause
the observed cleavage and the formation of a heterogeneous
N-terminus. However, seven from 33 amino acids in the stem
region are different in human 34GalT-1 when compared to the
bovine enzyme (Scheme 2). Most importantly, protease activity
in the crude extract and the enzyme fractions was not present
suggesting that the observed cleavage is not caused by proteases
(data not shown).

In addition, the cleavage products appear only during IMAC
purification. Protein cleavage during IMAC is described in lit-
erature as catalyzed by divalent cations at specified peptide
sequences [44,45]. According to the described sequence motifs
a possible cleavage site in our enzyme construct could be

in the sequence DKKPY at the C-terminus of the propeptide
(Scheme 3), which is in accordance with the observed sizes of
the cleavage products. We further confirmed that the observed
cleavage of the propeptide-natf4GalT-1 fusion protein during
IMAC purification is reproducible.

4.2. Cloning and expression of the
Hisgspropeptide-catf4GalT-1 and lumpB4GalT-1

In order to eliminate the proposed cleavage site two strategies
were pursued. First, we constructed a fusion protein containing
the propeptide part, deleted by the five C-terminal amino acids
DKKPY, and the catalytic domain of 4GalT-1 (Scheme 3). An
N-terminal sixfold histidine tag was added to facilitate purifica-
tion (Hisgpropeptide-catf4GalT-1). With the expression vector
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pET16b the resulting fusion protein was produced in the cyto-
plasm of E. coli. A specific activity of 2mU/mg was reached
which is in the range of described activities for periplasmic
expression of human B4GalT-1 in E. coli [18]. Purification by
Ni?*-NTA-IMAC resulted in a preparation of Hisgpropeptide-
cat4GalT-1 which is suitable for further characterisation and
biocatalytic applications (Table 1B). The occurrence of cleavage
products of the enzyme construct was not observed.

Secondly, the luminal part of B4GalT-1 including the stem
region and the catalytical domain was constructed and expressed
in the periplasm of E. coli (Scheme 3). A specific activity
of up to 13 mU/mg for the crude extract was obtained which
is approximately 5-6 times higher when compared to data
for the expression of the minimal catalytic domain [18]. The
purification could be simplified by using SP-sepharose as a
one-step-strategy. The resulting enzyme pool was free from con-
taminating side activities and was used for further applications
(Table 1C).

4.3. Comparative biochemical characterisation

Significant differences were detected for the pH optimum
of the different enzyme constructs (data not shown): pH 8 was
found for propeptide-natB4GalT-1, pH 7.6 for Hisgpropeptide-
catf4GalT-1, and pH 6.8 for lumB4GalT1. In addition, the
lumB4GalT1 showed a rather broad pH activity profile (data not
shown). We concluded that the observed differences of the pH
optima are related to the additional components of the recom-
binant proteins carrying the same catalytic domain (Scheme 3).
All further experiments were done at the specific optimal pH of
each 34GalT-1 construct.

To ensure that comparative characterisation of kinetics are
performed under optimal conditions the metal ion depen-
dency of all three 34GalT-1 constructs were examined. They
showed the highest activity with 1 mM MnCl,, but each con-
struct also individually tolerated other metal ions (Fig. 2). The
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Fig. 2. Metal ion dependency of the different 4GalT-1 constructs. Experiments
were performed as described in Section 2.

propepetide-natB4GalT-1 accepted also Mg>* (15% residual
activity), whereas lumB4GalT1 was also active with Co>*-ions
(18% residual activity). In contrast, Hisgpropeptide-cat4GalT-
1 was not that flexible and showed relative low residual activities
with Mg?* and Ca®* (5% each). As expected, without metal ions
all three constructs were not active. The importance of Mn* as
a cofactor for 34GalT-1 was described before for the human
[46] and bovine enzyme [47]. The recombinant minimal cat-
alytic domain of the bovine B4GalT-1 showed low activity in
the presence of Co>* [47]. In conclusion, we may also deduce
from our results that each 34GalT-1 construct exhibit distinct
characteristics for their metal ion dependent activity.

4.4. Comparative kinetic characterisation and biocatalytic
conversions

The kinetic characterization of the B4GalT-1 constructs
revealed distinct properties for each of the tested accep-
tor substrates (Table 2). When compared to GIcNAc all
enzymes showed significantly increased catalytic efficiencies
(Viax app/Km app) With Bn-GlcNAc and pNP-GIcNAc, respec-
tively. A closer look at reaction velocities (Vmax app) reveals that
Bn-GlcNAc is the favourite substrate for propeptide-natB4GalT-
1 (sevenfold increase, Table 2B) and pNP-GIcNAc is preferred
by Hisgpropeptide-cat4GalT-1 (21-fold increase, Table 2C). In
addition, both enzymes exhibit increased affinities for the gly-
coside acceptors. In comparison to lump4GalT-1 the increase
of catalytic efficiencies is significant higher suggesting that
propeptide-natB4GalT-1 and Hisgpropeptide-catB4GalT-1 are
more suitable for the conversion of hydrophobic glycosides
(Table 2A—C). The fact that hydrophobic aglycones lower the Ky,
for acceptor substrates is known for B4GalT. A recent study on
the acceptor specificity of the enzyme from bovine milk empha-
sizes the importance of a hydrophobic aglycone for the binding
to the active site of the enzyme [15]. Our data also confirm
the observation that substrate inhibition occurs more frequently
with hydrophobic acceptor glycosides (Table 2A—C). However,
the comparison with bovine milk 34GalT with the propeptide-
natB4GalT-1 and Hisepropeptide-catp4GalT-1, respectively,
reveals that the improvement for our enzyme constructs is due
to a significant increase in activity. We achieve much higher
improvements in catalytic efficiencies when changing the accep-
tor substrate from GlcNAc to Bn-GlcNAc and pNP-GIcNAc.
Whereas the bovine milk 34GalT shows only a fivefold increase
[15] due to higher enzyme affinities, the catalytic efficiency for
Bn-GIcNAc and for pNP-GIcNAc increases 67-fold and 27-
fold with our enzyme constructs propeptide-natB4GalT-1 and
Hisgpropeptide-catB4GalT-1, respectively, due to higher activ-
ities. We conclude that the catalytic efficiency of B4GalT-1
for hydrophobic aglycons can be significantly further improved
by our enzyme constructs. This is especially emphasized by
comparing our enzyme constructs for their conversion of
pNP-GIcNAc (Fig. 3). This acceptor was selected since the nitro-
group can be reduced to an amino-functionality for attachment
onto biomaterial surfaces. With Hisgpropeptide-catl4GalT-1
quantitative conversion of pNP-GIcNAc is already reached
after 2h. The propeptide-natB4GalT-1 and the lumB4GalT-1,
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Table 2
Kinetic characterization of B4GalT-1 constructs
UDP-Gal GIcNAc
Viax app K app Kis app Vinax app/ Viax app K app Kis app Vinax app/
(mU/mg) (mM) (mM) Kmapp x 1073 (mU/mg) (mM) (mM) K app X 1073
(A) GlcNAc as acceptor
Propeptide-nat4GalT-1 106.7 £3.7 021 £04 12.06 £04 0.51 158.7 £ 8.7 4.20 £ 0.80 - 0.04
Hise-propeptide-catB4GalT-1 2544 + 6.8 0.37 £ 0.1 8.6 £ 0.1 0.69 2348 +£7.5 228 £0.30 - 0.10
LumpB4GalT-1 603 +45 021 £04 12.0 £ 04 0.29 552+ 17 550+ 12.10 264 +£12.1 0.01
UDP-Gal GIcNAcB1-Bn
Vinax app Km app Kis app Viax app/ Viax app Km app Kis app Vimax app/
(mU/mg) (mM) (mM) Kmapp x 1073 (mU/mg) (mM) (mM) K app x 1073
(B) Bn-GIcNAc as acceptor
Propeptide-natB4GalT-1 11382 £423 0.2 £0.04 - 5.69 1067.8 £29.9 040 +£0.20 8.10 £0.20 2.67
Hisgpropeptide-catB4GalT-1 4184 £79 0.5+ 0.2 72+02 0.84 339.0 £ 175 020+ 020 8.10+0.20 1.70
LumB4GalT-1 168.3 £ 8.7 1.1 £0.2 - 0.15 2173 +£47 020+ 020 17.50 £0.20 1.09
UDP-Gal GIcNAcB1-Pnp
Vmax app Km app KiS app Vmax app/ Vmax app Km app KiS app Vmax app/
(mU/mg) (mM) (mM) Kuapp x 1073 (mU/mg) (mM) (mM) Kum app x 1073
(C) pNP-GIcNACc as acceptor
Propeptide-natB4GalT-1 n.d. n.d. n.d. n.d. 380.0 94 0.84 £0.334 251+ 1.14 045
Hisepropeptide-catf4GalT-1  1409.4 £58.5 2.1 £0.25 - 0.67 4931.0 £ 506 1.82 £ 0.25 1.66 £ 0.25 2.71
LumB4GalT-1 n.d. n.d. n.d. n.d. 157.0 + 41 095 +0.385 3.80 £ 247 0.17
UDP-Gal IeG
Vinax app Km app Kis app Vinax app/ Vinax app K app Kis app Viax app/
(mU/mg) (mM) (mM) Kmapp X 1073 (mU/mg) (M) (M) Kunapp® x 1073
(D) Rat IgG as acceptor
Propeptide-natB4GalT-1 156.3 + 3.8 0.1 £ 0.02 - 1.56 1546 £ 3.5 1.9 £05 42505 814
Hisepropeptide-catf4GalT-1 177.7 £ 103  0.07 £ 0.07 1.6 £0.07 2.53 1382 +£92 21.07+£29 1306 £29 6.6
LumB4GalT-1 174.1 + 20.5 04 + 0.1 1.5 £ 0.1 0.43 1784 £ 7.1 107 £ 2.1 1592 +2.1 16.7

n.d.: not determined; —: no substrate inhibition.
& Km app value in mM.

¢ (pPNPLacNAc) [mM]

0 T T
0 2 4 6

time [h]

Fig. 3. Conversion of pNP-GIcNAc by different B4GalT-1 constructs. (@)
Hisgpropeptide-cat4GalT-1, () propeptide-natp4GalT-1, (H ) lumB4GalT-1.
Experiments were performed as described in Section 2.

however, show only 70% and 10% conversion of pNP-GIcNAc,
respectively, after 6h. We conclude that the Hisgpropeptide-
catf4GalT-1 with the fused propeptide is especially useful for
the conversion of GlcNAc glycosides carrying a hydrophobic
aglycone whereas the propeptide-natp4GalT-1 is less efficient
due to the loss of the propeptide during IMAC purification. The
higher conversion rate of the latter in comparison to lump4GalT-
1 may be attributed to the residual part of the membrane anchor
of B4GalT-1.

In order to investigate biocatalytic differences towards more
complex substrates immunoglobulin G from rat was selected as
glycoprotein acceptor substrate since it contains bi-antennary
agalactosyl- (GO and G1) and galactosyl-N-glycans (G2) at a
single site (Asn297) of the heavy chains (Scheme 1B) [48].
The reduction of the disulphide bridges of IgG should facilitate
the accessibility of the N-glycans for the galactosyltransferases.
All three enzymes showed similar Vipax app values for IgG and
UDP-Gal (Table 2D). However, propeptide-nat34GalT-1 has the
best catalytic efficiency which is mainly due to a relative high
affinity when compared to lumB4GalT-1 and Hisgpropeptide-
catpB4GalT-1. Human serum IgG was recently shown to be
efficiently galactosylated with recombinant bovine B4GalT-1
[49] and B4GalT from H. pylori [50]. However, kinetic data
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Fig. 4. Electropherograms of APTS-derivatized standard glucose ladder (A) and APTS-derivatized N-glycans (B) released by PNGase F from rat IgG. Peaks were

annotated as proposed by Knudson and Simonian [41].

for IgG were not presented by these authors. Most interest-
ingly, the affinities of our constructs for IgG are in the wM-range
whereas the Ky, values for the isolated GO, G1” and G1 N-glycan
structures from IgG are in the mM-range for rat liver 4GalT-1
[51].

In order to demonstrate galactosylation of rat IgG by
propeptide-natB4GalT-1, the N-glycans were released after
enzymatic galactose transfer by PNGase F and APTS-labeled
N-glycans were subsequently analysed by separation on CE
[41]. Fig. 4 depicts the constitution of bi-antennary N-glycans
on rat IgG with the agalacto-antennae (GO), the al,6 arm-
galactosylated bi-antennary N-glycan (G1), and the «l,3
arm-galactosylated bi-antennary N-glycan (G1’). The relative
peak areas account for 74.3% (G0), 3.0% (G1), 5.8% (G1'),
and 0.3% (G2) (Fig. 5). After 2h incubation with propeptide-
natB4GalT-1 G1’ (35.2%) accumulates as the predominating
structure. However, since G2 has simultaneously been formed
with a relative peak area of 24.7% and Gl only increases to
9.5% we conclude that G2 is formed via formation of G1. Addi-
tional support comes from the time course of the G1 and G1’
structure, respectively. The relative peak area for G1 decreases
faster than that for G1’. After 64 h incubation time conversion
of G0-G2 (93%) is almost quantitative with G1’ (7%) remain-
ing. Kinetic parameters for the formation of G1 or G1’ cannot be
determined from our studies. With recombinant bovine B4GalT-
1 acting on human serum IgG it was found that the conversion
of GO-G1 and G1’ occurs very rapidly, whereas the conversion
from G1-G2 is very slow [49]. However, Gl was not distin-
guished from G1’ by HPLC-analysis in this study. In a more

Reaction Time [h]

64

Fig. 5. Enzymatic galactosylation of rat IgG and subsequent CE-analysis of the
APTS-derivatized N-glycans released by PNGase F. The relative peak areas in
the electropherograms for the N-glycans structures after the indicated incuba-
tion time with propeptide-nat4GalT-1 are given. GO (agalactosyl-bi-antennary
N-glycans), G1 (a1,6 arm-galactosylated bi-antennary N-glycans), G1’ (a1,3
arm-galactosylated bi-antennary N-glycans), and G2 (fully galactosylated bi-
antennary N-glycans).
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detailed work, Ramasamy et al. concluded that human B4GalT-
1 prefers the ae6-antenna forming G1 at lower concentrations of
the bi-antennary N-glycan structure [8]. At a higher concentra-
tion the a3-antenna is the preferred substrate and G1’ is formed
[8,51]. In our studies GO as the predominating bi-antennary
N-glycan structure of rat IgG provides a relative high concen-
tration for the formation of each of these substrates (Fig. 5).
We conclude that G1’ is preferentially formed and accumu-
lates because G1’ provides the «l,6-antenna substrate which
inhibits the enzyme at higher concentrations [8] (Scheme 1B).
The following decrease of the GO concentration fosters the for-
mation of G1 which provides the a1,3-antenna as substrate for
the formation of G2.

5. Conclusions and future applications

Our studies demonstrate the impact of the fusion protein on
the biocatalytic properties of human 4GalT-1 expressed in E.
coli. Biocatalysts are now available with high catalytic activi-
ties towards hydrophobic GlcNAc acceptor glycosides. In this
respect, our novel enzyme constructs should be also suitable for
the conversion of glycolipids. Currently, work is in progress in
our group to utilize the Hisgpropeptide-B4GalT-1 for the produc-
tion of chemically modified LacNAc structures, to use them for
further enzymatic modifications, and to immobilize them onto
biomaterial surfaces. Concerning the propeptide-natf4GalT-1
this enzyme is suitable for the re-glycosylation of glycopro-
teins.
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