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Abstract—Glycosyltransferases are involved in biosynthesis of both protein-bound and non-bound glycans that have multiple and important biological functions in all species. A variety of methods for assaying glycosyltransferase activity have been
developed driven by the specific interests and type of information required by researchers. In this work, a novel colorimetric assay for the glycosyltransferase-catalyzed reaction was established. Compared with measuring the newly formed product, which might not exhibit visible absorption, the unreacted acceptor could be readily detected by measuring the visible
absorption of the hydrolysis product. In the assay, 4-nitrophenyl-β-D-glycoside (glycosyl-β-pNP) is used as the glycosyl
acceptor, which can be hydrolyzed by a special exoglycosidase to release the p-nitrophenol before glycosylation reactions.
Absorbance change of the p-nitrophenolate corresponds to unreacted glycosyl acceptor that accompanied the glycosyl transfer. The assay is demonstrated to be useful in the initial characterization of recombinant glycosyltransferases for their kinetic parameters, optimal metal cofactor, and pH value. It provides a simple, sensitive, and quantitative method for assessing
glycosyltransferase activity and is thus expected to have broad applications including automated high-throughput screening.
DOI: 10.1134/S0006297910070187
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Glycosyltransferases are involved in the biosynthesis
of oligosaccharides, which are vital for all living systems.
They are an enormous and diverse family of enzymes catalyzing the transfer of a monosaccharide unit from a
nucleotide or lipid sugar donor to a specific acceptor
molecule, including glycolipids, glycoproteins, saccharides, natural products, etc., thereby forming glycosidic
bonds. This family of enzymes plays an important role in
cell physiology and has been associated with embryonic
maturation, cell surface recognition, cell development,
intracellular migration, and sperm–egg binding [1-3].
Therefore, the change of glycosyltransferase expression
and activity is relevant to many diseases and can serve as
a diagnostic marker for certain diseases. For examples, α-

Abbreviations: BSA, bovine serum albumin; ESI-MS, electrospray ionization mass spectrometry; Gal-β-pNP, 4-nitrophenyl-β-D-galactopyranoside; GlcNAc-β-pNP, 4-nitrophenyl-N-acetyl-β-D-glucosamine; HPLC, high performance
liquid chromatography; IPTG, isopropyl-1-thio-β-D-galactopyranoside; NMR, nuclear magnetic resonance; NTA,
nitrilotriacetic acid; pNP, para-nitrophenol; TLC, thin layer
chromatography; UDP-Gal, uridine diphosphate galactose;
UDP-GlcNAc, uridine diphosphate-N-acetyl-glucosamine.
* To whom correspondence should be addressed.

1,3-galactosyltransferase activity in the body can lead to
autoimmune response or organ allograft rejection [4-7].
The changes of N-acetyl-glucosaminetransferase or
fucosetransferase activity are considered an important
indicator of tumor and a significant reason for deterioration or migration [8-9]. The study of glycosyltransferase
activity is intimately associated with the development of
new therapeutic agents [10-12]. The lack of a rapid and
simple method for continuously monitoring of glycosyltransferase activity can prevent the efficient discovery of
potent drug candidates.
Numerous detection methods for glycosyltransferase
activity have been developed. These methods include the
routine monitoring of activity during and after enzyme
purification and in biocatalysis, detailed mechanistic and
inhibition evaluations, and high-throughput screening for
novel glycosyltransferase activities or inhibitors [13-20].
Representative assay methods for all of these applications
including their advantages and limitations are summarized by Palcic and Sujino [21]. In the last few years, some
new, rapid, and real-time assays for glycosyltransferase
have been reported. Recent examples include a pH-sensitive assay, which uses a pH indicator for detection of proton release [22, 23], supramolecular method, which uses
a fluorescent chemosensor for a multi-substrate enzymat-
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Fig. 1. A 96-well plate-based colorimetric high-throughput screening method for glycosyltransferase activity. The enzymatic reactions were
incubated in triplicate at 37°C and stopped by adding Na2CO3 to adjust the pH to 9.6. The formation of the p-nitrophenolate was monitored
by measuring A405 with a microplate reader. The absorbance of the solution correlated to the amount of unreacted GlcNAc-β-pNP (or Galβ-pNP) and to the enzyme activity of glycosyltransferase.

ic reaction [24, 25], etc. The new methods are suitable for
high-throughput screening with high sensitivity, but make
strict requirements on the pH range of reaction buffer or
recognition specificity of fluorescent probe.
Previously, Wang and coworkers reported a novel fluorescence-based assay for the transglycosylation activity.
They used a coupled chitinase to capture and hydrolyze
the fluorogenic intermediate to detect the transglycosylation activity of endo-β-N-acetyl glucosaminidases [26].
In this paper, we report a new colorimetric assay for
lipooligosaccharide glycosyltransferase B (LgtB, β-galactosyltransferase) and illustrate the methodology (Fig. 1).
The method is based upon the detection of absorbance
changes of p-nitrophenolate in response to the digestion
of unreacted glycosyl accepter by a special exoglycosidase. This assay is somewhat like the aforementioned fluorescence-based assay, and it is available for the initial
characterization of recombinant glycosyltransferases for
their kinetic parameters and optimal metal cofactor and
pH value.
BIOCHEMISTRY (Moscow) Vol. 75 No. 7 2010

MATERIALS AND METHODS
Materials and equipment. All the reagents including
4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid
(Hepes), trihydroxymethyl aminomethane (Tris), 4-morpholine-ethanesulfonic acid (Mes), 4-nitrophenyl-Nacetyl-β-D-glucosamine (GlcNAc-β-pNP), 4-nitrophenyl-β-D-galactopyranoside (Gal-β-pNP), uridine
diphosphate galactose (UDP-Gal), uridine diphosphateN-acetyl-glucosamine (UDP-GlcNAc), p-nitrophenol
(pNP), isopropyl-1-thio-β-D-galactopyranoside (IPTG),
bovine serum albumin (BSA), and ampicillin were purchased from Sigma-Aldrich (USA). Other chemicals were
analytical reagent and were used without further purification. Escherichia coli plasmid host strain DH5α was from
Gibco-BRL (USA), and E. coli expression host strain
BL21(DE3) was purchased from Novagen Inc. (USA).
Ni2+-NTA (nitrilotriacetic acid) agarose was purchased
from Qiagen (USA). Bio-Gel P2 was purchased from BioRad Laboratories (USA).
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ESI-MS was recorded on a Finnigan LCQAdvantage spectrometer and 1H-NMR spectra were
recorded on a Bruker 400 M NMR spectrometer. The
products of the LgtB-catalyzed glycosylation reaction
and the kinetics were analyzed on a Shimadzu series
HPLC instrument. The absorbance at 405 nm of p-nitrophenolate was recorded on a Thermo full wavelength
microplate reader.
Cloning, expression, and purification of recombinant
enzymes. The preparations of the recombinant plasmid
DNA constructs of pET15b-LgtA, pET15b-LgtB, and
pET15b-LgtC were reported previously [27-29]. The
constructs were transformed into E. coli DH5α for amplification. Positive clones were identified by restriction
enzyme digestion and sequencing. The correct sequences
were subsequently inserted into the expression host, E.
coli BL21(DE3).
For protein expression, E. coli BL21(DE3) harboring
the recombinant plasmid was incubated in 4 ml Luria–
Bertani (LB) medium (10 g tryptone, 5 g yeast extract,
10 g NaCl per liter) containing 0.1 mg/ml ampicillin with
rapid shaking (220 rpm) at 37°C overnight. Then 4 ml of
the overnight culture was transferred into 200 ml LB with
0.1 mg/ml ampicillin and incubated at 37°C. When A600
reached 0.6-0.8, IPTG was added to a final concentration
of 1 mM (LgtA) or 0.5 mM (LgtB and LgtC) and protein
expression was allowed to proceed at 16°C (160 rpm)
overnight (LgtA and LgtC) or 25°C (250 rpm) for 4 h
(LgtB). All the cells were harvested by centrifugation
(8000 rpm, 10 min, 4°C), resuspended with 20 mM PBS
buffer (pH 7.8, 0.5 M NaCl), and then broken by ultrasonication. After centrifugation (12,000 rpm, 30 min,
4°C) of the cell lysate, the supernatant was filtered
(0.45 µm) and applied onto a Ni2+-NTA affinity column
which bound to the N-terminal 6×His tag sequence in the
recombinant enzyme. All procedures were performed in a
cold room (4-7°C). The Ni2+-NTA column was washed
with six column volumes of binding buffer (5 mM imidazole, 20 mM PBS, pH 7.8, 0.5 M NaCl), followed by six
volumes of washing buffer (20 mM imidazole, 20 mM
PBS, pH 7.8, 0.5 M NaCl). The overexpressed protein was
eluted with eight volumes of elution buffer (200 mM imidazole, 20 mM PBS, pH 7.8, 0.5 M NaCl). Fractions containing the purified enzyme were combined and then concentrated by ultrafiltration at 4°C three times and dialyzed
against 20 mM PBS (pH 7.5, 0.15 M NaCl) buffer.
Glycerol was added to a final concentration of 50%, and
the enzyme solution was then stored at –20°C in a freezer.
HPLC assay for glycosylation products and kinetics of
LgtB. To identify the products synthesized by the purified
glycosyltransferase and verify the accuracy of colorimetric assay, HPLC assays were performed. The reaction
mixture contained 50 mM Hepes buffer (pH 7.2), UDPGal, GlcNAc-β-pNP, MnCl2, appropriate purified LgtB,
and 0.1 mg/ml BSA. A control assay was prepared under
the same conditions but without LgtB. Reactions were

incubated at 37°C for 30 min and quenched by adding
ice-cold 12% acetonitrile. The samples were then kept on
ice until aliquots of 10 µl were injected and analyzed on a
Shimadzu LC-10A system equipped with a temperature
control unit and an ultraviolet detector. A reverse-phase
Premier C18 column (250 × 4.6 mm, 5 µm particle size;
Shimadzu, Japan) protected with a C18 guard column
cartridge was used. The mobile phase was 12% acetonitrile, and the absorbance at 254 nm was measured.
Apparent kinetic parameters were obtained by varying the
UDP-Gal concentration from 0.01 to 0.4 mM (0.01,
0.025, 0.05, 0.1, 0.2, and 0.4 mM) and a fixed concentration of GlcNAc-β-pNP (0.1 mM). Lineweaver–Burk
plots were obtained from the average values of duplicate
assay results.
Kinetics by colorimetric assay. In a 50 mM Hepes
buffer (pH 7.2) containing different concentrations of pnitrophenol, 0.5 M Na2CO3 solution was added to adjust
final pH to 9.6; the A405 was recorded, according to which
the calibration curve was established.
The enzymatic assays were carried out in Hepes
buffer (50 mM, pH 7.2) containing GlcNAc-β-pNP (or
Gal-β-pNP), MnCl2, and appropriate purified glycosyltransferase. The reactions were started by adding UDPGal (or UDP-GlcNAc) and incubated at 37°C for
30 min. The donor was omitted in the control reaction.
Then the glycosylation reactions were terminated by the
addition of an excess of exoglycosidase. The hydrolysis
reactions were continued to incubate at 37°C for 30 min
and quenched by adding Na2CO3 to adjust the pH to 9.6.
The formation of the p-nitrophenolate was monitored by
measuring A405 with the microplate reader. The
absorbance of the solution correlated to the amount of
unreacted GlcNAc-β-pNP (or Gal-β-pNP) and to the
glycosyltransferases activity. All measurements were performed in triplicate and values averaged. For reaction catalyzed by glycosyltransferase, 0.1 mg/ml BSA was added.
Apparent kinetic parameters were obtained by varying the
UDP-Gal (or UDP-GlcNAc) concentration from 5 to
100 µM (5, 10, 15, …, 90, 95, and 100 µM) and a fixed
concentration of GlcNAc-β-pNP (or Gal-β-pNP)
(25 µM). The kinetic parameters were calculated from
the Lineweaver–Burk plots that were obtained from the
average values of triplicate assay results.
To evaluate the reliability of the method, LgtA (β-Nacetyl-glucosaminyltransferase) and LgtC (α-galactosyltransferase) activities were determined under the same
conditions as described above.
Effect of pH value and cofactor by colorimetric assay.
Glycosyltransferase activity was determined as described
above with the following modifications. Reactions under
different pH conditions were performed in different
buffer systems (Mes buffer in a pH range of 6.0-7.0;
Hepes buffer in a pH range of 6.8-8.2; Tris-HCl buffer in
a pH range of 8.0-9.0) at the concentration of 50 mM.
For the examination of metal ion dependency the followBIOCHEMISTRY (Moscow) Vol. 75 No. 7 2010
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HPLC assay for glycosylation products and kinetics of
LgtB. LgtB is a galactosyltransferase, which catalyzes the
transfer of galactose from UDP-Gal to N-acetylglucosamine or its glycosides, forming a β-1,4 linkage. The
optimized chromatographic conditions for the separation
were used to analyze the appearance of the glycosyltransferase reaction products (Fig. 2). Resolution and selectivity were satisfactory. In the control assay, the acceptor
(GlcNAc-β-pNP) showed an obvious absorption peak at
16.2 min. After the glycosylation reaction, the peak at
16.2 min decreased and a new peak at 15.1 min concomitantly appeared. This suggested that galactose was transferred to GlcNAc-β-pNP, forming Gal-β1,4-GlcNAc-βpNP. When the mole number of reaction substrate was the
same, there was approximate 18% GlcNAc-β-pNP con-

Table 1. Apparent kinetic parameters for LgtB activity by
HPLC assays*

LgtB

Substrate

Km, mM

Vmax,
µmol/min

8 10 12 14 16 18 20 22 24
Time, min

b

RESULTS AND DISCUSSION

Enzyme

6

250

Absolute level

ing metals were used in form of 2.5 µM MeCl2: Mg, Ca,
Cu, Zn, Co, Ni, and Mn. For a control reaction without
metal ion influence, 25 µM EDTA was added to the assay.
Preparation of glycosylation products with LgtB. The
synthesis of Gal-β1,4-GlcNAc-β-pNP was performed in
50 mM Hepes buffer (pH 7.2) containing 10 mM
GlcNAc-β-pNP, 12 mM UDP-Gal, 1 mM MnCl2,
appropriate purified LgtB, and 0.1 mg/ml BSA. The reaction was carried out at 37°C and monitored by TLC as
previously described [27]. When the acceptor had disappeared or no further formation of the product was
observed, the reaction was stopped by adding an equal
volume of ice-cold ethanol. After the precipitated protein
was removed by centrifugation (8000 rpm, 20 min), the
supernatant was concentrated and purified using a BioGel P2 size exclusion chromatography column. Fractions
containing the purified products were collected and
lyophilized to give Gal-β1,4-GlcNAc-β-pNP as a white
powder. Yield 80.2%; (ESI-MS): 527.14 [M+Na]+; 1HNMR (400 MHz, D2O): δ8.16 (d, 2H), 7.12 (d, 2H), 5.27
(d, J = 8.5 Hz, 1H), 4.38 (d, J = 7.6 Hz, 1H), 4.06 (dd,
1H), 3.85-3.46 (m, 11H), 1.92 (s, 3H). The result indicated that there was β-configuration of the galactose
residue, which was transferred to GlcNAc-β-pNP.
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kcat, sec–1

UDP-Gal 0.43 ± 0.09 3.55 ± 0.52 0.19 ± 0.008

* Assays were performed in triplicate in 50 mM Hepes buffer (pH 7.2)
with varied concentrations of UDP-Gal (0.01, 0.025, 0.05, 0.1, 0.2,
and 0.4 mM) and a fixed concentration of GlcNAc-β-pNP (0.1 mM).
LgtB was used at the same quantity for these assays.
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Fig. 2. HPLC analysis of LgtB glycosylation reaction product
using GlcNAc-β-pNP as an acceptor substrate (b). The reaction
was performed at 37°C for 30 min and was stopped by adding icecold 12% acetonitrile. A control assay was prepared under the
same conditions but without LgtB (a). The appearance of the
products was detected by using a reverse-phase Premier C18 column and 12% acetonitrile as the mobile phase at a flow rate of
1 ml/min. The absorbance at 254 nm was measured.

verted to Gal-β1,4-GlcNAc-β-pNP over the 30 min
reaction period. The LgtB apparent Km values for UDPGal obtained by HPLC assay was 0.43 ± 0.09 mM, and
other kinetic parameters are listed in Table 1.
Effect of pH value and cofactor by colorimetric assay.
The activity assay of LgtB under different pH conditions
demonstrated that the enzyme catalyzes the galactosyl
transferring reaction under neutral condition (pH 7.27.8) with optimal activity at pH 7.2 (Fig. 3a). This pH
value is similar to reported pH optima for other β1,4galactosyltransferase [30, 31]. More than 90% of the
activity was observed at pH 7.4 or 7.6. There was a sharp
decline in enzymatic activity below pH 6.8 or above
pH 7.8. The activity dropped to about 35 and 40% when
the pH was at 6.6 and 8.2, respectively. In addition, the
enzyme presented lower activity in Mes buffer or Tris-
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Fig. 3. Effects of pH and divalent metal ions on β1,4-galactosyltransferase activity of LgtB. a) pH profile (Mes (1), Hepes (2), Tris-HCl (3)).
b) Effects of divalent metal ions.

HCl buffer compared with that in Hepes buffer at the
same pH value, respectively. LgtB showed preference for
certain buffer systems, with the Hepes buffer system being
the most efficient.
Then the effects of various metal ions and the chelating agent on the enzyme activity of LgtB were examined.
As shown in Fig. 3b, the activity of LgtB was found to be
absolutely dependent on specific divalent metal ions, and
selectivity towards metal ions appeared to be more obvi-

ous. MnCl2 significantly supported its activity at the concentration of 2.5 µM, and MgCl2 also showed certain
activity, which was about 45% of that with MnCl2. None
of the other divalent metal cations (Ca2+, Cu2+, Zn2+,
Co2+, and Ni2+) were efficient cofactors for this enzyme.
In addition, the enzyme showed no activity in the absence
of metal ion or in the presence of EDTA. The dependence
of a metal ion for its activity was similar to previous
reports [32].
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Fig. 4. Kinetic curve of LgtB. a) Plot of reaction velocity versus substrate concentration for LgtB. b) Lineweaver–Burk plot of LgtB for calculation of Km.
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Table 2. Apparent kinetic parameters for glycosyltransferase activity of LgtA, LgtB, and LgtC by colorimetric assays*
Glycosyl
donor

Glycosyl acceptor

Product

Enzyme

Km, mM

Vmax, µmol/min

kcat, sec–1

LgtA

30.06 ± 1.86

90.56 ± 4.76

6.04 ± 0.28

LgtB

0.61 ± 0.07

4.25 ± 0.85

0.23 ± 0.006

LgtC

5.85 ± 0.35

32.72 ± 3.17

0.89 ± 0.07

* Assays were performed in Hepes buffer (50 mM, pH 7.2) with either varied concentrations of UDP-Gal (or UDP-GlcNAc) (5, 10, 15, …, 90, 95,
and 100 µM) and a fixed concentration of GlcNAc-β-pNP (or Gal-β-pNP) (25 µM). The measurements were done in triplicate and the data
shown are the average ± standard deviation.

Kinetic characterization of glycosyltransferases with
acceptor GlcNAc-b-pNP (or Gal-b-pNP). The apparent
kinetic parameters were estimated by colorimetric assay
with varied donor concentration along with fixed acceptor concentration. As shown in Fig. 4a, the enzymatic
reactions were under initial rate conditions [33]. The
average values from triplicate assays were used to obtain
Lineweaver–Burk plots (Fig. 4b). The apparent Km, Vmax,
and kcat values were calculated accordingly and are summarized in Table 2. The apparent Km value of LgtB for
UDP-Gal was 0.61 ± 0.07 mM under conditions as the
section of kinetics by colorimetric assay described above.
It agreed with the results of the kinetics by HPLC assay.
The apparent Km values of LgtA and LgtC for UDPGlcNAc and UDP-Gal were 30.06 ± 1.86 and 5.85 ±
0.35 mM, respectively (a plot of reaction velocity versus
substrate concentration and Lineweaver–Burk plot of
LgtA or LgtC are not shown).
Because the extinction coefficient for p-nitrophenolate is relatively large, the color change is obvious. The
colorimetric assay, which is based on the detection of
absorbance changes of the p-nitrophenolate, has many
advantages such as high sensitivity, low detectable limit,
and simple operation. However, crude extracts that contain substrate hydrolases cannot be used for coupled
assays due to interference for quantitative analysis. The
subtle differences in substrate specificity for a single
enzyme might not be convenient to discern with this colorimetric method because they require different glycosidase.
We have adopted a new colorimetric assay for three
glycosyltransferases. The assay is useful in the initial characterization of recombinant glycosyltransferase, including determination of optimal metal cofactor and pH
BIOCHEMISTRY (Moscow) Vol. 75 No. 7 2010

value, calculation of kinetic parameter, and screening of
potential inhibitors or effectors of the enzymes. It offers a
simple and sensitive method for glycosyltransferase assay
and is expected to offer further impetus for discovering
new and potent therapeutic agents that are directed at
glycosyltransferase.
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National Program on Key Basic Research Project
(2007CB914403), and National Natural Science
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