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Design of potent Mincle signalling agonists based on an alkyl -
glucoside template  

Dylan G.M. Smith,a Yuki Hosono,b,c Masahiro Nagata,b,c Sho Yamasakib,c and Spencer J. Williams*a 

The innate immune receptor Mincle senses lipid-based molecules 

derived from pathogens, commensals and altered self. Based on 

emerging structure-activity relationships we design simple alkyl 6-

O-acyl--D-glucosides that are effective agonists of Mincle and 

signal with potency on par with the prototypical ligand trehalose 

dimycolate.  

Macrophage inducible C-type lectin (Mincle) receptor is an 

FcRγ-associated pattern recognition receptor involved in innate 

immunity.1 Mincle senses a range of self and foreign 

(glyco)lipids2 and has become an important target for study 

since the discovery that it is responsible for recognition of 

mycobacterial cord factor (trehalose dimycolate; TDM)3 and the 

synthetic adjuvant trehalose dibehenate (TDB) (Fig. 1a).4 Ligand 

binding to Mincle results in phosphorylation of the 

immunoreceptor tyrosine activation motif of FcRγ5, 6 and 

activation of NF-B via Card9–Bcl10–Malt1 signalosomes.7 

Mincle is required for the classic granulomatous response to 

TDM3 and the adjuvant activity of TDB.4 TDB was developed as 

an optimized analogue of TDM, and both compounds induce 

strong Th1 and Th17 cellular immune responses.2 Mincle 

possesses an extracellular C-type lectin domain that appears to 

be the primary site for ligand binding. X-ray structures of 

human8 and bovine Mincle (the latter bound to trehalose and 

trehalose monobutyrate)9, 10 revealed two monosaccharide 

binding subsites, with the primary site involving coordination of 

O3 and O4 to Ca2+, and a shallow hydrophobic groove that can 

accommodate lipid chains (Fig. 1b). 

 

Fig. 1. a) Examples of potent agonists of Mincle signalling. b) X-ray structure 

of trehalose binding to the Ca2+ ion in the carbohydrate binding domain of 

Mincle (PDB 4KZV). c) Summary of structure-activity model for Mincle 

signalling.  

 A growing appreciation of the features necessary for 

agonism of Mincle signalling have emerged through 

identification of other naturally-occurring Mincle agonists, and 

through structure-activity relationship studies (reviewed in 

Refs2, 11). Broadly, signalling through Mincle increases as lipid 

chain length increases for both mono- and diacyl-trehaloses, 

with activity maximized for a C22 (behenate) chain,12, 13 or 

slightly shorter for a series of alkylated brartemicin analogues 

(Fig. 1a).14 A single glucose residue is sufficient for Mincle 

signalling: both glucose monomycolate (GMM)15 and 

monocorynomycolate (GMCM)16 are potent Mincle signalling 
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agonists. Glucose 6-monobehenate (GMB)16 is a weak Mincle 

agonist, yet glucose analogues bearing long, branched fatty 

acids linked off the 6-position (such as C14C18)15 are potent 

agonists. Collectively, these results suggest that at least two 

lipid chains off a monosaccharide are necessary for optimum 

activity. Separately, various - and -glucosyl diacylglycerides17-

19 and -glucosyl ceramide20 can signal through Mincle, showing 

that the lipid group can be sited at the anomeric or C6-positions 

of glucose. Consistent with the requirement for at least two 

lipid chains for activity of monosaccharide glycolipids, a lyso -

glucosyl diacylglyceride did not signal through Mincle.18 

Through studies of tetraacylated trehalose glycolipids it was 

concluded that a free 2-hydroxyl group on a glucose residue was 

essential for activity.15 

 A good understanding now exists of structure-activity 

relationships for glucolipid signalling through Mincle (Fig. 1c). 

Decout and co-workers have argued that at least three of four 

key structural motifs (two sugars, two alkyl chains) must be 

present for Mincle agonism, and when combined with 

appropriate branching and length, the alkyl chains are more 

important than the second sugar unit.15 A separate study 

showed that branching at the -position of a 6-O-acyl-glucose 

analogue provided only weak Mincle agonism.21 Based on these 

results Decout and co-workers developed C14C18Glc, which 

possessed greater activity than TDB in a Mincle reporter assay.15 

However, C14C18Glc is comprised of complex mixture of 8 

compounds: epimers at the -branched stereocentre of the 

lipid, the sugar hemiacetal that exists as both - and -anomers, 

as well as furanose and pyranose ring isomers; the contribution 

of each of these forms to activity is unclear. 

 In this work we report new, simplified agonists of Mincle 

signalling based on a -glucoside template. In particular, we 

focussed on synthetic targets that can be easily prepared in just 

a few steps from commercial materials and which exist in a 

single isomeric form to simplify characterization, purification 

and interpretation of results. Cognizant of the potency of GMM 

and analogues as well as -glucosyl diglycerides, we 

investigated compounds that possess lipophilic functionality at 

the 1- and 6-positions. Compounds of this general structure fit 

with the structure-activity relationships for Mincle signalling by 

possessing at least two alkyl chains, a single sugar residue and 

maintaining the free sugar 2-, 3- and 4-hydroxyl groups.  

 Alkyl glucosides are widely used in consumer products 

including cosmetics and soaps and both octyl and lauryl -

glucoside are commercially available reagents that could 

provide easy synthetic access to potential Mincle agonists. We 

avoided the use of protecting groups and instead performed 

direct acylation. Uronium-based peptide coupling reagents 

allow primary-selective acylation of simple glucosides through 

the choice of appropriate amine bases.22-24 We chose to install 

three representative straight chain esters: a short octanoyl (C8), 

medium palmitoyl (C16) and long behenoyl (C22) group (Scheme 

1). Reaction of the corresponding acids with octyl -glucoside 

afforded C8GlcC8 3, C16GlcC8 4 and C22GlcC8 5 in 61, 33 and 47% 

yields, respectively. Similarly, the same acids and lauryl -

glucoside afforded C8GlcC12 6, C16GlcC12 7 and C22GlcC12 8 in 56, 

46 and 47% yields, respectively. 

 

Scheme 1. Synthesis of lauryl and octyl 6-O-acyl--D-glucopyranosides. 

Reagents and conditions: a) octanoic acid, HBTU, pyr, b) palmitic acid, HBTU, 

pyr, c) behenic acid, HBTU, pyr, d) HO2CCH[(CH2)15CH3]2, HBTU, pyr. 

 Racemic 2-tetradecyloctanoic acid was used by Decout et 

al.15 for preparation of C14C18Glc, and thus this compound is 

a mixture of isomers epimeric at the -position. We instead 

utilized commercially-available achiral 2-hexadecyloctanoic 

acid. Reaction of octyl and lauryl -glucosides with this acid and 

HBTU in pyridine afforded the monoesters C18C16GlcC8 9 and 

C18C16GlcC12 10 in 15 and 12% yields, respectively. These yields 

were lower than that of the straight chain acids and may reflect 

reduced reactivity arising from the -branch. 

 Cholesterol can signal through Mincle,25 and is a lipophilic 

group that we speculated could occupy the lipid binding pocket. 

We synthesized 1-cholesteryloxyacetic acid 13 by reaction of 

ethyl diazoacetate26 with cholesterol promoted by BF3.Et2O in 

CH2Cl2 to afford 12 in 61% yield (Scheme 2). Saponification with 

2 M NaOH in EtOH afforded 13. Reaction of octyl and lauryl -

glucosides with 13 and HBTU/pyridine afforded the monoesters 

CholGlcC8 14 and CholGlcC12 15 in 47 and 45% yields, 

respectively. 

 

Scheme 2. Synthesis of lauryl and octyl 6-O-(cholesteryloxyacetyl)--D-

glucopyranosides. Reagents and conditions: a) ethyl diazoacetate, BF3.Et2O, 

CH2Cl2, b) 2 M NaOH, EtOH, H2O, c) 1 or 2, HBTU, pyr. 

 The panel of alkyl 6-O-acyl--D-glucopyranosides as well as 

the parent octyl and lauryl glucosides were investigated for 

their ability to induce signalling through Mincle. Assays were 

performed by culturing reporter cells expressing mouse and 
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human Mincle on plate-bound glycolipids, and measurement of 

green fluorescent protein by flow cytometry to quantify the 

degree of Mincle signalling agonism. Octyl and lauryl -D-

glucopyranosides did not signal through Mincle, which is 

unsurprising as they are soluble detergents, and do not fulfil the 

expected structural criteria for Mincle agonists. All of the 

remaining compounds signalled to varying degrees through the 

two receptor orthologs. 

 For the straight-chain 6-O-acyl derivatives, a small increase 

in signalling potency was seen in changing from octyl to lauryl, 

except in the case of C22GlcC8 and C22GlcC12, where the potency 

was lower in the latter. Also, the intensity of signalling through 

the mouse and human orthologs was similar for most 

analogues, except the C22 derivatives, where signalling through 

human Mincle was reduced relative to the mouse ortholog. 

Similarly, within the individual series of octyl or lauryl 

glycosides, an increase in 6-O-acyl chain length generally led to 

an increase in potency, with the exception of C22GlcC12, where 

the potency was reduced. In all cases, signalling potency was 

less than that of TDB. This trend in activity is reminiscent of the 

ability of trehalose mono-13 and diesters12 to activate 

macrophages, wherein the C22 compounds were more potent 

than the C26 analogues, and a homologous series of acyl 

glycerols, where potency peaked at C28.27 

 

 

Fig. 2 Agonism of Mincle signalling by unsubstituted octyl or lauryl -D-glucopyranosides or straight-chain 6-O-acyl variants. NFAT-GFP reporter cells expressing 

either human Mincle/FcRγ or mouse Mincle/FcRγ, as well as those expressing FcRγ alone were tested for their reactivity to plate-bound TDB and analogues 1-

8. Assays were performed in duplicate; the mean values and standard errors are shown. neg = isopropanol vehicle control. 

 We next evaluated the activities of the branched-chain 6-O-

acyl -D-glucopyranosides and the cholesteryloxyacetyl 

analogues (Fig. 3). The branched-chain analogues were more 

potent than any of the straight-chain derivatives, and again, 

little difference was seen between the octyl and lauryl 

glycosides. As for the C22 analogues, signalling intensity was 

lower for human Mincle than for mouse Mincle. The most 

potent signalling was seen for the cholesterol analogues, which 

provided signalling with similar intensities and potencies as TDB 

and comprise the most potent agonists identified in this study. 

 

Fig. 3 Agonism of Mincle signalling by octyl or lauryl 6-O-acyl--D-

glucopyranosides bearing a branched lipid chain or a cholesteryloxyacetyl 

group. NFAT-GFP reporter cells expressing either human Mincle/FcRγ or 

mouse Mincle/FcRγ, as well as those expressing FcRγ alone were tested for 

their reactivity to plate-bound TDB and analogues 9, 10, 14 and 15. Assays 

were performed in duplicate; the mean values and standard errors are 

shown. neg = isopropanol vehicle control. Results for TDB and neg were 

obtained in the same experiment as for Fig. 2. 

 In conclusion this work reports development of simple alkyl 

glucosides as highly potent Mincle agonists based on emerging 

structure-activity relationships. Long-chain lipidic esters at O6 

provided potent agonists of Mincle signalling, with even greater 

activity seen for an -branched fatty acyl chain. These results 

are broadly in concordance with the structure-activity 

relationship articulated by Decout et al.15 but extend that work 

by showing that a lipid chain at C1 can contribute to potency 

and simplify their structures by both blocking the anomeric 

position and locking its stereochemistry. Our results also show 

that alkyl -glucosides esterified with a cholesteryl group at O6 

are potent Mincle antagonists. Cholesterol, in its crystalline 

insoluble form, signals through human, but not rodent Mincle.25 

Signalling by cholesterol involves interaction with the 

cholesterol recognition site (CRAC) of human Mincle, which is 

absent in rodent Mincle, and alkylation of cholesterol leads to 

loss of ability to signal through Mincle.25 As our analogues are 

alkylated cholesterol derivatives, and signal through both 

mouse and human Mincle, it seems unlikely that the cholesteryl 
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moiety binds at the CRAC site of Mincle and is likely simply a 

surrogate for a lipid group. 

 This work builds on related efforts exploring structure 

activity relationships of acyl-hexoses (as analogues of glucose 

monomycolate),15, 16 glycosyloxy-stearates (as analogues of the 

mannosyloxymannitol glycolipid from Malassezia 

pachydermatis),28 glycerolipids (as analogues of glycerol 

monomycolate),27, 29 mono-13 and diacyl trehaloses,12, 30 and 

lipidated diaroyltrehaloses (as analogues of brartemicin).14, 31 

The present work is notable for the simplicity of the resulting 

agonists and the fact that unlike acyl-hexoses they exist as 

single stereoisomers. 
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