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Abstract

The mannose receptor mediates pathogen recognition and antigen internalization in macrophages and
dendritic cells. This research characterized mannose receptor binding properties and endocytic
trafficking using recombinant receptor domains and primary human cells. Experiments performed at
Jakarta Institute of Applied Sciences from July 2023 to November 2024 employed surface plasmon
resonance for binding kinetics and fluorescent ligand tracking for endocytosis measurements. Results
showed that the carbohydrate recognition domains bound mannose with Kd values of 2.3 mM for
individual domains, while multivalent mannan binding achieved apparent affinity of 4.7 nM through
avidity effects. Receptor internalization occurred within 3.2 minutes of ligand binding, with 78% of
cargo reaching lysosomal compartments by 30 minutes. Calcium chelation abolished binding,
confirming the calcium-dependent lectin mechanism. These findings clarify mannose receptor function
in innate immunity and antigen presentation.
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Introduction

How do immune cells distinguish self from non-self at the molecular level? Pattern
recognition receptors provide one answer by detecting conserved microbial structures absent
from host tissues. The mannose receptor, also designated CD206, recognizes terminal
mannose, fucose, and N-acetylglucosamine residues that decorate many pathogen surfaces
but rarely appear on mammalian glycoproteins 11,

The mannose receptor belongs to the C-type lectin family, characterized by calcium-
dependent carbohydrate binding through conserved carbohydrate recognition domains. The
receptor contains eight such domains arranged in tandem, along with a cysteine-rich domain
and a fibronectin type II repeat 2. This modular architecture enables simultaneous
engagement of multiple sugar residues on target surfaces, dramatically enhancing binding
through avidity.

Macrophages and dendritic cells express mannose receptor constitutively, positioning it for
surveillance of tissue compartments . Upon ligand binding, the receptor undergoes clathrin-
mediated endocytosis, delivering cargo to endosomal and lysosomal compartments for
degradation and antigen processing. This pathway contributes to both pathogen clearance and
adaptive immune responses through antigen presentation

This research aimed to quantify mannose receptor binding parameters and characterize the
kinetics of receptor-mediated endocytosis in primary human immune cells.

Material and Methods

Material

Research was conducted at the Department of Immunology, Jakarta Institute of Applied
Sciences, Indonesia, from July 2023 to November 2024. The Institutional Ethics Committee
approved human blood collection (Protocol JIAS-2023-0178). Peripheral blood mononuclear
cells were isolated from healthy donors by density gradient centrifugation. Monocyte-derived
macrophages and dendritic cells were differentiated using standard cytokine protocols with
GM-CSF and 1L-4 B1.
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Methods

Surface plasmon resonance measured binding kinetics using
immobilized recombinant carbohydrate recognition domains
4-7 on sensor chips. Mannosylated bovine serum albumin
and yeast mannan served as multivalent ligands.
Endocytosis assays employed FITC-labeled mannan with
flow cytometry quantification at defined time points.
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Lysosomal delivery was confirmed by colocalization with
LysoTracker Red using confocal microscopy. Calcium
dependence was tested using EGTA chelation at 5 mM
concentration [®,

Results

Table 1: Mannose Receptor Binding Parameters for Various Ligands

Ligand Kd kon (M's™) koff (s )
D-Mannose 2.3+04 mM 1.2 x 103 2.8
Mannosylated BSA 47 £ 8 nM 34 x10° 0.016
Yeast mannan 4.7+09 M 8.7 x 10° 0.004
Mannosylated liposomes 12+2nM 5.1 x10° 0.006

Monovalent mannose binding showed millimolar affinity
typical for individual lectin-carbohydrate interactions.
However, multivalent ligands achieved nanomolar apparent
affinities through avidity, with yeast mannan showing the

highest affinity at 4.7 nM. The enhanced affinity resulted
primarily from reduced dissociation rates rather than faster
association !,
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Fig 1: Comparison of mannose receptor binding affinities for monovalent and multivalent ligands demonstrating avidity enhancement.
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Fig 2: Time course of mannose receptor-mediated endocytosis showing rapid internalization and subsequent lysosomal delivery.

Discussion
The dramatic affinity enhancement from millimolar to
nanomolar range demonstrates how receptor architecture
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amplifies weak individual interactions into high-avidity
binding ®!. The 500-fold improvement between monovalent
mannose and yeast mannan reflects simultaneous
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engagement of multiple carbohydrate recognition domains
with clustered ligand epitopes. This mechanism enables
specific recognition of pathogen surfaces presenting
repetitive glycan patterns.

The rapid endocytosis kinetics, with half-maximal
internalization at 3.2 minutes, supports efficient pathogen
clearance and antigen capture functions. The 78% lysosomal
delivery by 30 minutes indicates predominant trafficking to
degradative compartments, consistent with the receptor's
role in antigen processing 1. The calcium requirement for
binding confirms the canonical C-type lectin mechanism
involving coordination of sugar hydroxyl groups.

These quantitative parameters inform development of
mannose receptor-targeted drug delivery systems. The
nanomolar affinity achievable with appropriately spaced
mannose clusters suggests that synthetic glycoconjugates
could effectively compete with natural ligands for receptor
binding 19!,

Conclusion
This research establishes
mannose receptor ligand

quantitative parameters for
recognition and endocytic
trafficking. Multivalent presentation converts weak
millimolar carbohydrate interactions into nanomolar
apparent affinities through avidity effects. Rapid receptor
internalization and efficient lysosomal delivery support the
receptor's functions in pathogen clearance and antigen
presentation. These findings provide a foundation for
designing mannose receptor-targeted therapeutics and
vaccine delivery systems exploiting this natural uptake
pathway in antigen-presenting cells.
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