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Abstract: A new biotinylated lactose derivative bearing a ]4C-labeled phenyldiazirine was synthesized. A
convenient approach based on avidin-biotin technology was successfully applied for GM3 synthase assay and the

Km value of this biotinylated photoprobe was determined as 180 pM using rat liver Golgi as the enzyme source.
Further characterization revealed that this reagent could be a useful photoprobe for GM3 synthase.

CMP-N-acetylneuraminic acid (CMP-NANA) : lactosylceramide a-2,3-sialyltransferase (GM3 synthase)
catalyzes the transfer of sialic acid from CMP-sialic acid to the nonreducing terminal of lactosylceramide to form a
ganglioside GM3 (NeuAca2-3GalB1-4Glc-ceramide).2 The GM3 synthase is a potential candidate as a key
regulatory enzyme, because it catalyzes the common step in the biosynthesis of nearly all gangliosides3 and the
cDNA cloning of this enzyme is recognized to be one of the major subject in the field of glycobiology.
Photoaffinity labeling is an important chemical method for the analysis of biological macromolecules,4 however,
no useful photoprobe for GM3 synthase has been developed yet. We have already reported that the diazirine

5 We also

based photoaffinity labeling is more promising than the use of conventional aryl azide counterparts.
demonstrated that the combined use of diaziriny] probes with avidin-biotin technology is an effective approach for
the specific manipulation of photolabeled products.6 Sialyltransferases have the ability to utilize CMP-NANA as
the common donor substrate, but differ in the specificity of acceptor sugar residue and the type of linkage formed.
Recent study of site-specific mutagenesis suggested that the conserved region between sialyltransferases, the
sialyl-motif, appears to participate in binding of the common donor substrate CMP-sialic acid.7 Therefore, the
development of photoreactive acceptor analogs may have several advantages to donor derivatives on the
identification of respective sialyltransferase proteins as well as the structural analysis of unsolved acceptor binding
regions. Here we wish to report the synthesis and characterization of lactosylceramide analog having a
phenyldiazirine and a biotin as the first example of photoreactive acceptor analog for GM3 synthase.

Results and discussion
Synthesis. Although the Km value of GM3 synthase to lactosylceramide (GalP1-4Glc-ceramide; CDH) is

affected by its structure of ceramide moiety,8 GM3 synthase is known to bind to an affinity column with
9

lactosylceramide aldehyde which is missing one of two lipid tails in the original structure of CDH.” To mimic
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this truncated form of CDH, B-lactoside derivative carrying a long chain alcohol with a carbene-generating
phenyldiazirine and a biotin unit was designed for the ease of synthesis (Scheme 1). Biocytin was used instead
of biotin itself because long-chain derivatives of biotin are usually requied to obtain optimal biotin-binding
capabilities.1 The o-amino group of lysine part of biocytin is also useful to introduce the photoreactive
phenyldiazirin by simple acylation reaction. Thus, the aminoethyl glycoside of lactose 1 was coupled with a-
Fmoc-biocytin N-hydroxysuccinimide ester followed by deprotection to give 2 which was treated with the active
ester of diazirinyl-benzoic acid 3a'! 1o afford d4a. After HPLC purification, the structure of compound 4a was
conﬁrmed from its analytical and spectroscopic data. 12 The radioisotope labeled 4b was analogously prepared
usmg C diazirine (3b, specific activity 57 mCi /mmol)

Scheme 1
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Affinity isolation of 4 with immobilized avidin. The 44 pM solution of 4b in 0.1 M phosphate buffered
saline pH 7.2 (PBS) was loaded on an immobilized streptavidin (GIBCO) or a monomeric avidin (PIERCE) at
room temperature. After washing the gel with PBS and distilled water, the elution of adsorbed materials was
performed under the several conditions as described in Table 1. The yields of recovery from these avidin
columns were comparable to that of the conventional assay using C18§ column (Bond Elute, Analytichem
International). Although the acidic elution condition required for streptavidin may disrupt the glycosidic linkages
of oligosaccharide product in the assay mixture, the condition was satisfactory for the convenient assay of GM3
synthase as described below. Biotinylated compounds can be eluted from monomeric avidin under milder
condition than from streptavidin and this advantage was successfully applied for the product analysis.

Table 1. Recovery of 4b on different conditions

Column Eluent Recovery (%)
streptavidin 70% formic acid 89
monomeric avidin 2 mM d-biotin-PBS 84
C18 CHCI3-CH30H (1:1) 85

Enzyme assay of 4. Taking the advantage of biotin possessing substrate 4, a new method of the enzyme assay
was examined as an useful alternative to the conventional assay method. 13 The enzyme reaction was performed
according to the llterature with rat liver Golgi GM3 synthase. The assay mixture of 50 ul volume consisted of
3.2 mM CMP- [ H]-NANA (4.2 mCi/mmol, DuPont NEN), 0.4% Triton CF-54, 10 mM MnCl3, 10 mM
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MgCl2, 1 mM 2-mercaptoethanol, 150 mM cacodylate pH 6.5, 60 pg rat liver Golgi, and various concentration
of da was incubated at 37 °C for 2 h. After the addition of 450 pl of distilled water, the mixture was treated with
the immobilized streptavidin by the similar manner described in the preceding experiment. From the Lineweaver-
Burk plot analysis in Figure 1, the Km value of compound 4a was estimated as 180 uM and this value seems
sufficient to the reported Km value to the natural substrate CDH (50 - 130 uM).& 14
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Figure 1. Lineweaver-Burk plot for compound 4a

Competitive sialylation between lactosylceramide and compound 4. The inhibition of sialyltransfer
to the natural substrate CDH by 4a was examined changing the ratio of CDH to 4a. The sialylation of 4a was
measured by the immobilized streptavidin method and the pass-through fraction from the streptavidin column was
loaded on a C18 column to measure the formation of GM3. This method provide a convenient approach to
analyze biotinyl substrate as well as natural substrate when both are present in the same assay mixture. The
sialylation of CDH was competitively inhibited on the increment of the 4a concentration as shown in Table 2.

Table 2. Competition between CDH and 4a in the sialyltransferase assay

CDH : 4a (mM) [3H]-NANA incorporation (dpm) Inhibition of CDH sialylation
CDH 4a (%)
0.18 : 0 10,810 - 0
0.18 : 0.18 7,710 3,850 33
0.18 : 0.90 4,940 8,610 64
0 : 018 - 9,480 100

TLC Analysis of enzyme products. The mixture of 25 ul volume consisted of 3.2 mM CMP-[MC]-N ANA
(4 mCi/mmol, DuPont NEN), 0.4 % Triton CF-54, 10 mM MnCl2, 10 mM MgCl2, 1 mM 2-mercaptoethanol,
150 mM cacodylate, pH 6.5, 60 ug rat liver Golgi, and the photoprobe 4a (0.18 mM) was incubated at 37 °C for
2 h without or with the equimolar amount of competitive substrate CDH (0.18 mM). To prevent the acidic
treatment which will cleave the glycosidic linkages, the enzyme products were recovered on the monomeric avidin
instead of streptavidin. The TLC analysis of recovered products was performed on HPTLC plate (Merck, silica
gel 60, No 5641) with a solvent system CHC13:CH30H:0.5 % CaCl2 (55:45:2) according to the reported
method.13 After the plate was dried and wrapped with a plastic sheet, radioactive materials were visualized with
BAS 2000 radio image analyzer (Fuji film) by exposing the plate for 24 h and the result is in Figure 2. The
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starting material in lane 1 had been consumed in the lane 2 and the product was appeared at less mobile position
than 4b. Because of the introduction of charged sialic acid moiety, sialylated products are known to be poorly
developed on TLC analysis compared to the starting substrates.!5 The sialylated product was depressed in the
presence of CDH as shown in lane 3 and this observation is in consistent with the results from the competition
assay described above. Although the spectrometric analyses have to be done to confirm the structure of the
sialylated product in lane 2, the compound 4 was effectively sialylated by rat liver Golgi GM3 synthase.

Figure 2. Autoradiogram of TLC separated biotinyl
- components from the enzyme reaction mixture.
Following samples were used; 4b (lane 1) and
enzyme products from 4a in the absence (lane 2)
or presence (lane 3) of CDH.

lane 1 2 3

In cbnc]usion, our results demonstrate that the compound 4 could be a good acceptor substrate for GM3
synthase. The purification of GM3 synthase from rat liver Golgi was reported recently9 and the structural
analysis of its binding sites become increasingly important. Because of the relative ease of experiments, the
biotinylated photoprobe 4 would be a useful tool to further explore the detailed molecular aspects of this enzyme.
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