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Abstract 40 
Microorganisms secrete a variety of compounds into their environment such as proteins, 41 

carbohydrates, and secondary metabolites. These molecules play diverse roles in the interaction 42 
of microbes with their abiotic and biotic environment. Little is known about secreted fungal 43 
molecules mediating immune evasion. Here we screened culture media of three Aspergilli to 44 
assess whether these fungi secrete molecules that can compete with specific antibodies that 45 
bind to human immune receptors. Culture media of Aspergillus fumigatus Af293, Aspergillus 46 
tubingensis CBS 133792 and the non-acidifying mutant strain Aspergillus niger D15#26 47 
contained components that showed competition for binding to a total of 13 receptors, of which 48 
PSGL-1, CXCR1, and CXCR2, were shared between the three species. Filtration experiments 49 
showed that most, if not all, interacting components were ≤ 3 kDa. Production of the 50 
components that competed with antibodies to bind to CD88 and CXCR2 was shown to be 51 
regulated by LaeA. The component(s) that competed for binding to CXCR1 was not only 52 
produced in the non-acidifying strain Aspergillus niger D15#26 but also in the non-acidifying 53 
oahA deletion strain of Aspergillus niger. Together, these data show that Aspergillus species 54 
might produce small molecules that interact with human immune receptors. 55 
 56 
Introduction 57 

Microbial compounds known as pathogen-associated molecular patterns (PAMPs) 58 
induce a host innate immune response by binding to pattern recognition receptors. Dendritic 59 
cells (DCs), macrophages, neutrophils (PMNs), natural killers (NKs), and monocytes express a 60 
large repertoire of soluble and membrane-bound receptors (also called CD receptors) that in 61 
interaction with their ligand initiate the immune response (1-4). These immune cells are for 62 
example active on the lung epithelial layer and adjacent tissue to remove micro-organisms like 63 
fungal propagules (5,6). Cell wall molecules (e.g. chitin, mannan, glucan) are the best described 64 
fungal PAMPs. For instance, the polysaccharide β-1,3 glucan was shown to interact with 65 
complement receptor 3, dectin-1, EphA2, and ficolin-2. These interactions trigger a variety of 66 
responses like ROS production, neutrophil migration, and production of cytokines (7-9). 67 

Microbes secrete molecules that mediate immune evasion. Various Staphylococcus 68 
aureus proteins involved in immune evasion have been identified by screening culture media in 69 
a competition binding assay using immune receptors (10). For example, the secreted SSLs family 70 
proteins of S. aureus were shown to block the interaction between PSGL-1 and P-selectin 71 
inhibiting neutrophil (PMN) recruitment. This human pathogen also secretes a virulence factor 72 
described as chemotaxis inhibitory protein (CHIPS) that inhibits PMN responses by binding to 73 
the formyl peptide receptor (FPR) and the C5a receptor (C5aR; also known as CD88). Secreted A. 74 
fumigatus proteases such as aspartic protease (Pep1p), metalloprotease (Mep1p), and alkaline 75 
protease (Alp1) have also been described to mediate immune evasion (11,12). Possibly, 76 
opportunistic fungal pathogens such as A. niger, A. fumigatus, and A. tubingensis secrete such 77 
compounds as part of the large variety of molecules they release into their environment. The 78 
secreted compounds of Aspergillus includes enzymes, secondary metabolites, sugars and 79 
organic acids (13-17). The number and type of secreted compounds vary depending on the 80 
culture conditions (18-21). By combining in silico predictions and shotgun proteomics it was 81 
estimated that A. niger can secrete over 200 proteins (22). These proteins are predicted to serve 82 
functions in cellular communication, immunity and pathogenesis, degradation of substrates, 83 
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morphogenesis, and cell proliferation (13). A similar number of secondary metabolites (i.e. 145) 84 
have been isolated and / or detected from cultures of black aspergilli (Aspergillus section Nigri) 85 
(23). Secondary metabolites are low molecular weight molecules with various functions. Some 86 
metabolites are mycotoxins (e.g. fumonisin B2, ochratoxin A) causing food spoilage and being a 87 
threat for human health. Yet, for many fungal secondary metabolites a biological role has not 88 
been elucidated. 89 

The prtT and laeA genes of A. niger have been shown to play a crucial role in the 90 
production of extracellular compounds (24-27). Strains with prtT mutations exhibit decreased 91 
extracellular protease activity when compared to the parental strain A. niger AB4.1 (27). This 92 
gene encodes a Zn(II)2Cys6 transcription factor and controls the expression of 6 secreted 93 
proteases including Aspergillopepsin A (PepA) and Aspergillopepsin B (PepB) (27). 94 
Transcriptional and proteomic analysis of an A. fumigatus prtT mutant indicated that PrtT also 95 
regulates genes involved in iron uptake, ergosterol biosynthesis, and production of secondary 96 
metabolites (28,29). Gene laeA encodes a putative methyltransferase domain protein and is a 97 
global regulator of secondary metabolite gene clusters in Aspergillus. Amongst others, synthesis 98 
of gliotoxin, sterigmatocystin, penicillin, and lovastatin is being regulated by LaeA (26). Notably, 99 
secondary metabolite production of the A. niger ΔlaeA strain differed when compared to the 100 
wild-type, with both an increase and decrease in secondary metabolite levels (30). This indicates 101 
that this protein can also act as a repressor of secondary metabolite genes. Deletion of laeA also 102 
leads to a decrease in acidification of the culture medium (30), which is due to reduced 103 
production of citric acid, gluconic acid and / or oxalic acid. Production of these organic acids is 104 
pH dependent (31). For example, optimal production of citric acid in A. niger occurs at pH 2 (32), 105 
while oxalic acid production is optimal between pH 5 to 8 (33). 106 

The global regulator LaeA was proposed to regulate secondary metabolite synthesis via 107 
chromatin remodelling and regulates amongst others secondary metabolites produced via 108 
polyketide synthases (PKS) or non-ribosomal peptide synthases (NRPS) (34). Both of these 109 
synthesis pathways require post-translational modification for activation. The 110 
4’phosphopantetheinyl transferase (PPTase) activates PKS and NRPS. Deletion of this PPTase 111 
leads to a defect in secondary metabolite production in A. fumigatus, A. nidulans and A. niger  112 
(35-38). Other fungal secondary metabolite pathways are the mevalonate or shikimic acid 113 
pathway, which are involved in the production of terpenes or aromatic secondary metabolites, 114 
respectively (39,40). 115 

Identification of secreted immune-reactive molecules might unravel new immune 116 
evasion strategies and may reveal novel therapeutic agents. In this study we show that culture 117 
media of A. niger, A. fumigatus, and A. tubingensis contain thermostable molecules ≤ 3 KDa that 118 
might compete with monoclonal antibodies in their interaction to receptors involved in immune 119 
recognition. It is also shown that LaeA of A. niger is a repressor of the production of the 120 
compounds that compete with binding to CD88 and CXCR2, while secretion of the compound 121 
binding to CXCR1 is increased under non-acidifying medium conditions. 122 
 123 
Materials and methods 124 
 125 
Strains, growth conditions, isolation of culture medium, and extracellular fractions  126 
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Strains (Table 1, Figure 1) were grown for 3 days at 37 oC in minimal medium (MM; 6 g L-1 127 
NaNO3, 1.5 g L-1 KH2PO4, 0.5 g L-1 KCl, 0.5 g L-1 MgSO4.7H2O, 0.2 mL L-1 Vishniac; pH 6.0) 128 
supplemented with 25 mM glucose and 1.5 % agar to obtain conidia. Conidia were harvested 129 
with 0.005 % (v/v) Tween-80 in 0.85 % (w/v) NaCl. A total number of 1010 conidia was used to 130 
inoculate 250 mL transformation medium (TM; MM supplemented with 5 g L-1 yeast extract 131 
(Becton, Dickinson and Company, Le-Pont-De-Claix, France) and 2 g L-1 casamino acids (Becton, 132 
Dickinson and Company, Le-Pont-De-Claix, France)) in a 1 L Erlenmeyer. Cultures were grown for 133 
16 h at 30 oC and 250 rpm in MM with 25 mM xylose or maltose as carbon source. Mycelium 134 
was harvested by filtration over 3 layers of Miracloth (Merck Millipore, Darmstadt, Germany) 135 
and washed with 50 mL PBS (137 mM NaCl, 2.7 mM KCl, 3.8 mM Na2HPO4

.2H2O, 1.5 mM 136 
KH2PO4). 10 g wet weight mycelium was transferred to a 500 mL Erlenmeyer containing 150 mL 137 
MM supplemented with either 25 mM xylose or maltose. Cultures were grown for 3 days at 30 138 
oC and 250 rpm. Pellet formation was followed using light microscopy (Axioskop 2 plus, Carl 139 
Zeiss) and their surface area was measured after 72 h using Image J (https://imagej.nih.gov/ij/). 140 
Mycelium and mycelial fragments were removed by filtering over 3 layers of Miracloth and a 141 
0.22 µm filter (Carl Roth GmbH + co, KG, Karlsruhe, Germany). Xylose- and maltose-culture 142 
media were mixed 1:1 for analysis. In order to obtain small secreted molecules, supernatants 143 
were filtered using a 3 kDa cut-off Amicon ultra centrifugal filter (Merck Millipore, Darmstadt, 144 
Germany). Culture media and ≤ 3 KDa fractions were lyophilized and suspended in PBS. 145 
Strains lacking the pptA gene were grown in MM medium with either xylose or maltose as 146 
carbon source, which was mixed 1:1 with siderophore medium and 10 mM lysine (Sigma 147 
Aldrich, St. Louis, France). Siderophore medium was made by growing A. niger N402 in liquid 148 
MM in the absence of Fe++, with 5 mM glutamine (Sigma Aldrich, St. Louis, France) as a nitrogen 149 
source and 50 mM glucose as carbon source. A. niger was cultured for a total of 48 h at 200 rpm 150 
and after the first 24 hours of growth, fresh glutamine (5 mM) was added. Mycelium was 151 
removed from the medium by filtering over 3 layers of Miracloth, the pH was set to 6.0 and the 152 
siderophore culture medium was autoclaved (37). 153 
 154 
Transformation A. niger 155 
The pptA gene was deleted in strain JN24.6 (laeA::AOpyrG) (30) using the split marker method, 156 
with hygromycin as selection marker (41). Flanks of pptA were PCR amplified using Phire Hot 157 
Start II DNA Polymerase (Thermo Scientific), with genomic DNA of N402 (42) as template and 158 
primers pptAP1f and pptAP2r and primers pptAP3f and pptAP4r to give the 5’ pptA flank of 857 159 
bp and the 3’ pptA, flank of 862 bp, respectively. The hygromycin fragments were PCR amplified 160 
using plasmid pAN7.1 (43) as template and primers hygP6f and hygP9r to give the 5’ hygR 161 
fragment (1794 bp) and primers hygP8f and hygP7r to give the 3’ hygR fragment (1644 bp). Split 162 
marker fragments were obtained using fusion PCR (5’ pptA-hygR (2633 bp) and 3’pptA-hygR, 163 
(2485 bp)) and column-purified before further use, using the GeneJET Gel Extraction Kit 164 
(Thermo Scientific). All primers that were used are listed in (Supplementary Table 1). The split 165 
marker fragments were transformed to strain JN24.6 and transformants were purified twice on 166 
complete medium (CM; MM supplemented with 2 g L-1 tryptone, 1 g L-1 casamino acids, 1 g L-1 167 
yeast extract, 0.5 g L-1 yeast ribonucleic acids, pH 6.0) with siderophore medium, 10 mM lysine 168 
and 100 µg/mL hygromycin, resulting in strain MA870.1 (pptA::hygR, laeA::AOpyrG). Correct 169 
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deletion of pptA was confirmed by diagnostic PCR (Supplementary Figure 1), clone 1 was used 170 
for experiments described. 171 
 172 
SDS PAGE 173 
Proteins from culture media were precipitated with 4 volumes of acetone (Merck, Darmstadt, 174 
Germany) for 16 h at 20 oC. Samples were centrifuged at 10,000 g for 15 min, re-suspended in 2 175 
x SDS sample buffer (20 % glycerol (LPS Benelux, The Netherlands), 4 % SDS (JT Baker, Deventer, 176 
The Netherlands), 100 mM Tris-HCl pH 6.8 (Roche, Mannheim, Germany), 0.01 % bromophenol 177 
blue (Acros Organics, Geel, Belgium) and 5 % β-mercaptoethanol (Sigma-Aldrich, St. Louis, 178 
France)), and heated for 10 min at 100 oC. Samples and Low Molecular Weight Marker (14.000-179 
70.000 Da) (Sigma-Aldrich, St. Louis, France) were loaded on 12 % SDS-PAA gels and stained 180 
with 0.1 % Coomassie Brilliant Blue G250 (Sigma-Aldrich, St. Louis, France) in 25 % methanol 181 
(Merck, Darmstadt, Germany) and 10 % acetic acid (Merck, Darmstad, Germany). 182 
 183 
PMNs, and PBMCs isolation and competition for receptor binding assay 184 
Polymorphonuclear neutrophils (PMNs) and peripheral blood mononuclear cells (PBMCs) were 185 
routinely isolated from whole blood of healthy donors following the Histopaque-Ficoll gradient 186 
protocol (10). Written informed consent was obtained from all subjects according to the 187 
Declaration of Helsinki. Approval was obtained from the medical ethics committee of the 188 
University Medical Center Utrecht (Utrecht, The Netherlands). Competition for receptor binding 189 
assay (CBA) was performed using commercial phycoerythrin (PE)-, fluorescein isothiocyanate 190 
(FITC)-, and allophycocyanin (APC)-conjugated antibodies (Supplementary Table 2) as described 191 
(10) with some modifications. Briefly, 100 µL of PMNs and 150 µL PBMCs (each 107 cells mL-1) 192 
were mixed and centrifuged for 5 min at 7,000 g. The pellet was resuspended in 1 mL of PBS 193 
mixed 1:1 with filtrated fungal culture medium supernatant at 4 °C. If necessary, pH of the 194 
samples was adjusted to 7 using 0.1 M NaOH. PBS mixed 1:1 with only the culture medium was 195 
used for control in a subset of experiments. After incubation for 15 min at 4 oC, 35 µL of the 196 
mixture was incubated with antibodies (concentrations in Supplementary Table 2) at 160 rpm 197 
for 45 min at 4 oC in 96-well U-plates (Corning, New York, USA). Cells were washed with 150 µL 198 
RPMI medium (Life Technologies, Paisley,UK) containing 0.05 % human serum albumin (Sanquin, 199 
Amsterdam, The Netherlands) and centrifuged at 1200 g for 8 min at 4 oC. Cells were fixed with 200 
1 % paraformaldehyde (Sigma-Aldrich, Buchs, Switzerland) and fluorescence was measured by 201 
flow cytometry (FACSVerse, BD). Geometric mean fluorescence from neutrophils, monocytes, 202 
and lymphocytes was determined using FlowJo software (version V10.1, TreeStar, USA) to gate 203 
each cell population (lymphocytes, monocytes, and neutrophils). Representative FACS plots of 204 
control cells and supernatant treated cells can be found in supplementary figure 10. Reduction 205 
in fluorescence due to competition for binding with molecules within the culture media was 206 
calculated by dividing the mean signal by that of buffer-treated cells. Values were inverted and 207 
receptors with geometric means ≥ 2 were scored positive for binding of molecules within the 208 
culture medium. Reproducibility of the assay was confirmed by using biological triplicates with 209 
culture media and blood cells from independent cultures and donors, respectively. Receptors 210 
that scored positive were re-measured in ≥ 3 independent experiments, receptors that scored 211 
positive in at least 2 experiments were scored as responsive. Data was visualized using R 212 
software (https://www.r-project.org/) and boxplots were generated with the ggplot2 package 213 
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(http://ggplot2.org). Data from neutrophils, monocytes, and lymphocytes were included in the 214 
same plot and used to calculate median and quartiles. Data outside the boxplot whiskers were 215 
taken as outliers.  216 
 217 
Characterization of D15#26 3KDa supernatant 218 
Heat stability was assessed by incubating samples at 100 oC for 60 min. Samples were 219 
lyophilized and re-suspended in PBS. (Poly)peptides were precipitated from the culture medium 220 
for 30 min at 4 oC after adding acetone (Merck, Darmstadt, Germany) in a 1:1 ratio. After 221 
centrifugation at 11,000 g for 15 min, the pellet was air-dried, while the supernatant was dried 222 
using a rotoevaportor-RE (Büchi, Flawil, Switzerland). Fractions were resuspended in PBS and 223 
tested in CBA. Hydrophobic compounds were extracted from the culture medium by mixing with 224 
3 volumes of ethyl acetate (Acros Organics, Geel, Belgium). Aqueous phases were collected, and 225 
treatment was repeated twice. Ethyl acetate fractions were pooled and dried with a 226 
rotoevaporator, while aqueous fractions were lyophilized. Fractions were resuspended in PBS in 227 
1/3 of the original volume and tested in CBA. 228 
 229 
Purification of D15#26 3KDa supernatant  230 
Sep-Pak C18 column purification 231 
Ten C18 solid phase cartridges (Sep-pak; Waters, Milford, MA) were used to load 50 mL of 232 
culture medium that had been lyophilized and resuspended in 50 mL of PBS. Columns were 233 
eluted stepwise with 0, 10, 30 50, 70 and 100 % methanol (v/v). Fractions with the same 234 
percentage of methanol were pooled, lyophilized, resuspended in PBS, and tested in CBA. 235 
Fractions obtained from elution with 10 - 50 % methanol were pooled and concentrated 100-236 
fold for LC-MS analysis.  237 
LC-MS and Preparative HPLC 238 
LC-MS was performed on a Shimadzu SCL-10A controller system (Shimadzu Cooperation, ‘s-239 
Hertogenbosch, The Netherlands) coupled to a Shimadzu pump LC10-AD and a Shimadzu CTO-240 
10AS column oven. A Reprosil-Pur C18-AQ column (Particle size = 5 μm, Pore size = 120Ǻ, 250 x 241 
4,6 mm; Reprosil) was loaded with 50 µL 100-fold concentrated 10 - 50 % methanol pooled 242 
fraction. A 0 - 100 % gradient elution (Supplementary Table 3) with water and acetonitrile (JT 243 
Baker, HPLC grade) was used for separation of molecules during 60 min. The flow rate was 1 mL 244 
min-1 and compounds were detected with a UV detector at 214 nm (Shimadzu SPD-10A). Mass 245 
spectrometry was done using a Finnigan LCQ Deca XP Max (Thermo Electron, Massachusetts, 246 
USA).   247 
Preparative HPLC was run on a Shimadzu SCL-10A controller system coupled with a Shimadzu 248 
LC-8a pump and a Shimadzu SPD-10A UV detector. A Reprosil-Pur C18-AQ column (particle size 249 
=10 μm, pore size= 120Ǻ, 250 x 22 mm; brand) with a Reprosil-Pur C18-AQ guard column 250 
(particle size =10 μm, pore size= 120Ǻ, 30x22 mm) was injected with 450 µL of concentrated 10-251 
50 % methanol pooled fraction. For sample separation a 0 to 60 % gradient elution with water 252 
and acetonitrile over 100 min was used with a flow rate of 12.5 mL min-1. Ninety-five 13 mL 253 
fractions were collected using a Gilson Liquid Handler 215. Fractions were pooled in equal ratios 254 
(1 mL each fraction), obtaining 16 fractions that were dried in a SpeedVac, resuspended in 1 ml 255 
of PBS, and subjected to CBA.  256 
 257 
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Prediction of A. tubingensis SM clusters  258 
A. tubingensis CBS 134.48 genome v 1.0 (44) 259 
(http://genome.jgi.doe.gov/Asptu1/Asptu1.download.html) was used to predict the number of 260 
genes clusters involved in biosynthesis of secondary metabolites. Analysis was performed using 261 
anti-SMASH parameters (http://antismash.secondarymetabolites.org). By using the 262 
“homologous gene cluster” tool, gene clusters were identified with similarity to gene clusters in 263 
the A. niger ATCC 1015 (http://genome.jgi.doe.gov/Aspni5/Aspni5.download.html) and A. 264 
fumigatus Af293 (http://genome.jgi.doe.gov/Aspfu1/Aspfu1.download.html) genomes.  265 
 266 
Results 267 
 268 
Characterization of fungal cultures 269 

Protein profiles of Aspergillus culture media were monitored after 24, 48, and 72 h of 270 
growth. To this end, samples of maltose and xylose media were mixed in a 1:1 ratio, 271 
precipitated, and analyzed by SDS-PAGE (Figure 2). Protein profiles showed a high variation 272 
between the different strains. A. niger N402 showed bands > 68 kDa that were reduced in 273 
intensity in A. niger D15#26. A. tubingensis that also belongs to the Aspergillus section Nigri 274 
showed a protein profile different from the two A. niger strains. A. fumigatus showed also a 275 
distinct profile containing high (55-80 kDa) and low molecular weight bands (15-30 kDa). The A. 276 
niger D15#26 strain does not acidify the culture medium. Indeed, pH of the culture medium had 277 
increased to 7 after 72 h of growth (Table 2). In contrast, A. niger N402 and A. tubingensis had 278 
lowered the pH to 5.5, while the pH of the culture medium of A. fumigatus had increased to pH 279 
8. All cultures showed pelleted growth, but morphology was different (Table 2). The A. niger 280 
strain D15#26 produced smaller pellets mixed with dispersed growth when compared to wild-281 
type A. niger N402 (Supplementary Figure 2). 282 

Mixed maltose and xylose culture media were used to challenge PMNs and PMBCs in a 283 
competition binding assay (CBA) in order to detect secreted compounds that interact with 284 
human immune receptors. A component(s) in the culture medium of A. niger N402 (Figure 3A) 285 
competed with monoclonal antibodies directed against PSGL-1 in several of the experiments but 286 
variation was too high to reach a median ≥ 2 when compared to the control. Possibly, the lack of 287 
response with other receptors was due to extracellular proteases degrading binding proteins. 288 
We therefore used a derivative of N402, strain D15#26, that has low protease activity due to a 289 
prtT mutation. Culture media of A. niger D15#26 indeed contained a component(s) that 290 
competed for binding to CD141, while receptors PSGL-1, CXCR1, CXCR2, and CD47 were 291 
competing for binding in several experiments but had a median < 2 (Figure 3B). Anion / cation 292 
chromatography was performed as a first step for protein purification and fractions were tested 293 
in CBA. However, competition for binding to receptor molecules was not observed in any of the 294 
fractions (Supplementary Figure 3). The purification procedure included a dialysis step with 295 
membranes with a 12 kDa cut off. To assess whether small molecular weight molecules were 296 
responsible for the CBA response culture media were filtered using 3 kDa filters and fractions 297 
were tested with a subset of receptors. Competing for binding responses of the ≤ 3 kDa fraction 298 
of D15#26 were stronger when compared to whole culture medium (see boxplot median Figure 299 
4A). PSGL-1, CXCR1, and CXCR2 showed a strong response, while response of CD88 was also 300 
close to 2-fold. The N402 ≤ 3 kDa fraction resulted in signals of receptors PSGL-1, CXCR1, and 301 
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CXCR2 just below the 2-fold response threshold (Figure 4B). CBA was also performed with the 302 
complete set of receptors using whole culture media (Figure 5) and ≤ 3 kDa fractions (Figure 6) 303 
of clinical A. tubengensis and A. fumigatus strains. Culture media of these strains contained 304 
components that competed with binding of a total of 11 receptors, of which PSGL-1, CXCR1, 305 
CXCR2, CD192, CD47, CD13, and CD99 were shared between both clinical isolates. In most cases 306 
activity was present in the ≤ 3 kDa fractions (Figure 6). 307 
 308 
Characterization D15#26 ≤ 3 kDa fraction 309 

Incubation at 100 oC for 60 min did not affect competition activity of molecules within 310 
the ≤ 3 kDa fraction of D15#26 to receptors PSGL-1, CXCR1, CXCR2, and CD88 (Supplementary 311 
Figure 4). Activity was also not reduced by removing proteins by precipitation with acetone. In 312 
agreement, competition activity was absent in the protein fraction. Extraction with ethyl acetate 313 
also did not affect activity in the aqueous phase (Supplementary Figure 5). These results suggest 314 
that competing molecules are hydrophilic. Next, the ≤ 3 kDa fraction of D15#26 was loaded onto 315 
a C18 Sep-pak column and molecules were eluted using a methanol gradient. Both flow-through 316 
as well as fractions eluted with 10 - 50 % methanol contained components with competition 317 
activity to receptors CXCR1, CXCR2 and CD88, competing activity to the PSGL-1 receptor was 318 
found in all fractions (Supplementary Figure 6). Analysis of the D15#26 ≤ 3 kDa fraction by LC-319 
MS indicated that it contained around 30 peaks (Supplementary Figure 7). CBA of the fractions 320 
collected from the LC-MS analysis was performed using the same subset of receptors used to 321 
test the ≤ 3 kDa fractions. Competing activity was not found in the tested pooled fractions. Loss 322 
of activity could be explained due to a partial binding of active components to C18-AQ column 323 
and therefore a decrease of the sample concentration or the inability of the hydrophilic 324 
compounds to bind to the C18-AQ column. 325 
 326 
LaeA is involved in production of CXCR1, CXCR2, and CD88 binding compounds 327 

D15#26 is a strain resulting from UV mutagenesis (Figure 1) carrying mutations in pyrG, 328 
prtT, and laeA (30). Here, it was addressed whether laeA impacts the production of immune 329 
receptor competing molecules in A. niger. To this end, the ≤ 3 kDa fractions from the culture 330 
media of D15#26, a laeA complemented derivative of D15#26 (JN22.7), and its control (JN21.1) 331 
that only has a pyrG complementation (Figure 1) were tested in the CBA using a subset of 332 
receptors including PSGL-1, CXCR1, CXCR2, and CD88 that were found to be responsive with 333 
secreted molecules of D15#26 (Figure 4A, B). The ≤ 3kDa fraction of the laeA complemented 334 
strain was positive for CD11b, CD47, and PSGL-1, but not for receptors CD88, CXCR1, and CXCR2 335 
(Figure 4C). The control strain JN21.1 behaved as D15#26 (Figure 4D) showing that 336 
complementation of pyrG did not affect production of the small competing compounds.  337 

Gene laeA was previously inactivated in strain AB4.1 (Figure 1) by homologous 338 
recombination with a pyrG gene cassette (30). The ≤ 3 kDa fractions of the ΔlaeA deletion strain 339 
(JN24.6) and its control (JN23.1, pyrG complementation of AB4.1) were tested in the CBA. 340 
JN24.6 produced competing activity with CD88, PSGL-1, CXCR1, and CXCR2 (Figure 4E), while its 341 
control strain only produced competing activity with PSGL-1 (Figure 4F). These results show that 342 
the absence of LaeA is correlated with production of CD88, CXCR1, and CXCR2 competing 343 
components. Considering that these strains contain an intact prtT gene, the production of 344 
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competing activity with receptors CD88, PSGL-1, CXCR1, and CXCR2 is not related with prtT 345 
mutations.  346 
 347 
Medium acidification and production of immune-reactive components 348 

Inactivation of laeA affects production of the organic acids citric acid, gluconic acid, and 349 
oxalic acid. Indeed, acidification was absent in the medium of 72 h-old cultures of strains lacking 350 
LaeA (Table 3). In contrast, the laeA complemented strain JN22.7 acidified the medium to pH 3, 351 
while pH dropped to 4-5 in the case of JN23.1 and AB4.1. Inactivation of the oxaloacetate 352 
hydrolase gene oahA in strain AB1.13 containing an intact laeA copy also results in absence of 353 
acidification of the culture medium (30). The ≤ 3 kDa fraction of the ΔoahA strain contained 354 
molecules with activity to PSGL-1 and CXCR1 in the CBA (Figure 7). Taken together, CXCR1 355 
reactive components are produced by the A niger strain when medium is not acidified. 356 
Production of compounds binding to CD88 and CXCR2 receptor are not produced and are 357 
therefore LaeA dependent. 358 
 359 
Effect of PptA deletion on production of immune-competing components  360 

We next investigated if molecules competing for binding with immune receptors 361 
produced by JN24.6 (∆laeA) are synthesized via the NRPS or PKS pathway. Inactivation of pptA 362 
abolishes the production of secondary metabolites via the NRPS and PKS pathway. Strains 363 
lacking pptA require culture medium containing siderophores for growth, as deletion of pptA 364 
leads to impaired siderophore biosynthesis (45). In subsequent experiments siderophore 365 
medium was used to culture the ΔpptA strains as well as the other strains. Absence of pptA in 366 
N402 (JP1.1) did not affect medium acidification after 72 hours of growth in siderophore 367 
medium, while absence of medium acidification was observed for the ΔlaeA strain (JN24.6) and 368 
the ΔlaeAΔpptA strain (MA870.1) (Table 3). 369 

When grown in regular minimal medium, molecules competing for binding for the CD88, 370 
PSGL-1, CXCR1 and CXCR2 receptor are secreted into the culture medium by JN24.6 (Figure 4E). 371 
However, when this strain is grown in siderophore medium we only detected molecules 372 
competing for binding to the PSGL-1 receptor and no molecules competing for binding to the 373 
CD88, CXCR1 and CXCR2 receptor were produced (Figure 8B). Also, in strains lacking pptA (JP1.1) 374 
and both pptA and laeA (MA870.1) no competing molecules for CD88, CXCR1 and CXCR2 were 375 
detected (Figure 8A and C, respectively). Furthermore, the protein profile of the strains lacking 376 
pptA are rather different as compared to the control JN24.6. For example, strain JP1.1 produces 377 
proteins around 70 and 55 kDa that appear to be absent in the other strains (Figure 9). These 378 
results suggest that the use of siderophore medium inhibits the production of competing 379 
molecules for CD88, CXCR1 and CXCR2 receptor, while competing molecules for PSGL-1 were 380 
not influenced by the presence of siderophore medium (Figure 8).  381 
 382 
Discussion 383 

Here we showed that culture media of A. fumigatus Af293 (46,47), A. tubingensis (48) 384 
and A. niger N402 and the non-acidifying A. niger strain D15#26 (49,50) contain ≤ 3 kDa 385 
compounds that could compete for binding with antibodies to human cellular receptors that 386 
have been related to immune recognition, activation, or modulation. Components within the 387 
culture media with competing activity were identified for the CD13, CD29, CD45, CD47, CD88, 388 
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CD99, CD141, PSGL-1, CXCR1, CXCR2, CD191, CD192, and Siglec-9 receptors. The possible 389 
competing activity for PSGL-1, CXCR1, and CXCR2 was shared between the four strains. These 390 
receptors play a role in the recruitment of leukocytes (PSGL-1) and neutrophils (CXCR1 and 391 
CXCR2) to the site of infection. The immunological role of these and the other responsive 392 
receptors is well described (Supplementary Table 4) but to our knowledge none of them have 393 
been associated to fungal infections. The results of the CBA were in general quite variable, 394 
which is most likely due to the fact that for each experiment cells from different donors were 395 
used, as immune responses can vary per individual. 396 

Initially, we hypothesized that fungal proteins were responsible for the competing 397 
activity with these receptors as has been described for S. aureus (10). Furthermore, a group of 398 
well-studied proteins in fungi were described as fungal immunomodulatory proteins (FIPs). 399 
Currently, more than 38 FIPs have been identified in different fungal species (51). FIPs are 400 
subdivided in 5 different groups, of which the Fve-type FIPs, small proteins around 13 kDa, and 401 
Cerato-type FIPs are most studied. The two groups can be identified by Pfam domain PF09259 402 
and PF07249, respectively (51). We detected no Fve-type FIPs genes in the genome of A. niger, 403 
but we did detect a Cerato-type FIPs gene. A secreted serine protease (An02g01550) has a 404 
PF07249 domain. A more in-depth analysis of the genome of A. niger could indicate more 405 
possible FIPs. Nevertheless, no competing activity was recovered after protein purification using 406 
affinity chromatography, indicating that the competing activity is not due to fungal proteins. 407 
Filtration studies showed that molecules ≤ 3 kDa were involved. Such molecules can be 408 
peptides, carbohydrates, or secondary metabolites. The fact that we mainly detect small 409 
molecules suggests that Aspergilli might use also a different strategy for immune evasion. 410 
Further characterization and purification was performed using the A. niger D15#26 ≤ 3 kDa 411 
fractions. The molecules could not be heat inactivated. They bound to a C18 Sep-pak column 412 
and could be eluted with 10 - 50 % methanol, but were not extracted using ethyl acetate, 413 
suggesting that these molecules were relatively hydrophilic. The latter fractions contained a 414 
variety of low molecular weight molecules as shown by LC-MS.  415 

Next to the characteristics of the small molecules produced, the mutations in the 416 
D15#26 responsible for the productions of the small molecules with competing activity for the 417 
immune receptors CD88, PSGL-1, CXCR1 and CXCR2 were assessed as well. Experimental data 418 
showed that strains with an inactive pyrG and / or prtT but with an intact laeA were not 419 
producing binding compounds except for PSGL-1. Preliminary CBA data with a ΔprtT strain 420 
(AF11#56, a derivative of AB4.1) underscored that deletion of PrtT did not lead to the 421 
production of CD88, PSGL-1, CXCR1, and CXCR2 binding compounds (Supplementary Figure 8). 422 
In contrast, gene laeA was shown to have a role as a repressor of production of competing 423 
compounds of CD88, CXCR1 and CXCR2. A ΔlaeA strain did not acidify the culture medium like 424 
D15#26 and produced CD88, PSGL-1, CXCR1, and CXCR2 competing activity. On the other hand, 425 
the acidifying laeA complemented D15#26 strain only produced competing activity with PSGL-1, 426 
showing that the global regulator of secondary metabolism LaeA is a repressor of production of 427 
the competing activities to CD88, CXCR1, and CXCR2 (Figure 9). The finding that LaeA can act as 428 
a repressor was previously reported in A. nidulans and A. niger. These laeA-deficient strains 429 
showed increased secretion of an uncharacterized secondary metabolite (26) and aspernigrin 430 
(30), respectively. In addition, loss of laeA inhibits synthesis of sterigmatocystin and penicillin in 431 
A. nidulans, lovastatin in A. terreus, and gliotoxin in A. fumigatus (34,52). 432 
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Cultivation at neutral pH (between 5 and 6) is crucial for the production of molecules 433 
competing for binding to CXCR1 in A. niger. This was based on the fact that two non-acidifying 434 
strains, D15#26 and ΔoahA produced components that interacted with this receptor. Similar 435 
results were obtained in preliminary experiments with the non-acidifying crzA mutant of A. 436 
niger in an AB4.1 background (Supplementary Figure 9). CrzA is a transcription factor of the 437 
calcium / calcineurin pathway, involved in fungal morphogenesis, virulence, and ion tolerance 438 
(53). This shows that the competing activity for CXCR1 is only produced under neutral pH and its 439 
production depends indirectly on LaeA, as it is secreted under all non-acidifying conditions 440 
tested, while the mechanism underlying repression of CXCR2 and CD88 competing activity is 441 
linked to the presence of LaeA (Figure 10). 442 

Immune receptors CXCR1 and CXCR2 are better known as CXCR1 and CXCR2. They are 443 
chemokine receptors belonging to the G-protein-coupled receptor (GPCR) family. Ligands 444 
binding to CXCR1 and CXCR2 include IL-8, NAP-2, GCP-2, and GRO-α, β, γ (53-55). Activation of 445 
CXCR1 and CXCR2 mediates neutrophil migration and chemotaxis and favor angiogenesis (56). 446 
Both receptors are present on neutrophils, are closely related, and generally interact with 447 
similar ligands, but not necessarily with the same affinity (57-59). The observation that the 448 
CXCR1-interactive compound produced under non-acidifying conditions is not reacting with 449 
CXCR2 suggests the presence of two different compounds binding specifically to each receptor 450 
(Table 4).  451 

Together, our results show that we are dealing with small hydrophilic molecules which 452 
could be secondary metabolites, carbohydrates, and / or small peptides that could be 453 
responsible for competition for binding of antibodies to cellular receptors. Aspergilli secrete 454 
polyketides (PKS), non-ribosomal peptides (NRPS), terpenes, and indole alkaloids as main groups 455 
of secondary metabolites (40). Deletion of the pptA gene abolishes secondary metabolite 456 
production via the PKS and NRPS pathway and to be able to grow these strains need 457 
siderophore medium (37). Growth of the ΔlaeA strain in siderophore medium did not alter 458 
medium acidification (Table 3), but the molecules competing for binding with the CD88, CXCR1 459 
and CXCR2 were not produced (Figure 8B). This indicates that the addition of medium 460 
containing siderophore produced by A. niger affects the production of these molecules 461 
suggesting that iron limitation might be involved in their regulation. In line with these results, 462 
we also do not see the production of these molecules in the ΔpptA strain and ΔlaeAΔpptA strain 463 
(Figure 8A and C, respectively). We therefore could not determine if the small molecules were 464 
indeed produced via a PKS and/or NRPS pathways and which could confirm they are secondary 465 
metabolites. Future research is needed to elucidate if the molecules competing for binding are 466 
indeed secondary metabolites and whether they are produced via a PKS, NRPS or other 467 
pathways involved in synthesis of secondary metabolites. 468 

Genes required for the biosynthesis of these metabolites are usually located in gene 469 
clusters, with some exceptions like in A. nidulans where two gene clusters located on separate 470 
chromosomes are required for the production of meroterpenoids austinol and dehydroaustinol 471 
(60). A. niger D15#26 produces more responsive molecules when compared to its wild type 472 
strain N402. D15#26 contains a variety of mutations including a mutation in laeA that controls 473 
production of secondary metabolites like sterigmatocystin, penicillin, and lovastatin (26,30). The 474 
competing components produced by D15#26 are expressed in a LaeA-dependent manner. A. 475 
niger ATCC 1015 is predicted to have 81 gene clusters associated with secondary metabolite 476 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2022. ; https://doi.org/10.1101/2022.04.26.489527doi: bioRxiv preprint 

https://doi.org/10.1101/2022.04.26.489527
http://creativecommons.org/licenses/by-nc-nd/4.0/


12 
 

production (61) and 145 secondary metabolites have been identified from the Aspergillus Nigri 477 
section. Many of these compounds (e.g. ochratoxin A, naptho-γ-pyrones, bocoumarins) are 478 
found in both A. niger and A. tubingensis (23). As described by (61), A. fumigatus Af293 contains 479 
39 secondary metabolite gene clusters, while at least 226 A. fumigatus secondary metabolites 480 
have been reported, some of them associated with virulence (62,63). The fact that components 481 
produced by D15#26 (lacking LaeA) and A. fumigatus and A. tubingensis (both containing LaeA) 482 
compete for to the same set of receptors (PSGL-1, CXCR1, and CXCR2) indicates that we are 483 
dealing with a variety of molecules that are regulated differently but might be produced by 484 
orthologous gene clusters. By using Anti-SMASH prediction software, we detected 88 gene 485 
clusters in the genome of A. tubingensis CBS134.48. Of these, 30 gene clusters showed ≥ 75 % 486 
homology at the amino acid level when compared to A. niger ATCC 1015. 4 gene clusters 487 
showed 50 % homology at the amino acid level when compared to A. fumigatus Af293. The 4 488 
gene clusters having similarity between A. tubingensis CBS134.48 and A. fumigatus Af293 were 489 
also found in A. niger ATCC 1015. In this case a similarity ≥ 57 % at the amino acid level was 490 
found in the latter strains. Shared clusters were assigned and predicted in A. tubingensis as 491 
Cluster 4 (non-ribosomal peptide), Cluster 18 (type I polyketide synthase), Cluster 27 (terpene), 492 
and Cluster 79 (other). Cluster 4 showed similarity with A. fumigatus Afu1g10380 (nrps1 / pes1), 493 
while Cluster 18 had similarity with A. fumigatus Afu2g01290, Cluster 27 with No PKS or NRPS 494 
backbone 6 and cluster 79 with No PKS or NRPS backbone 2. These clusters are of interest for 495 
further analysis with respect to immune receptor binding. 496 

Identification of the small compounds secreted by A. niger laeA mutant strains might 497 
result in novel therapeutic agents. Furthermore, absence of medium acidification might also 498 
explain the secretion of immune-modulatory components of the pathogen A. fumigatus. In this 499 
study it was shown that this species produced components ≤ 3 kDa that might compete with 500 
antibodies for interaction with receptors PSGL-1, CXCR1, CXCR2, CD192, CD99, CD45, CD47, and 501 
CD29. Even though several purification methods and a preparative HPLC was done, we were 502 
unable to identify the molecules which compete for binding with the immune receptors. More 503 
research should be done to identify these molecules and determine their role in infection. 504 

Interestingly, A. fumigatus increases the pH of the culture medium to 8. This increase 505 
may be responsible for the production of the binding compounds. Notably, (20,64) reported 506 
that secretion of serine protease (Alp1), metalloproteases (Mep1), and leucine aminopeptidases 507 
(Lap1 and Lap2) by A. fumigatus were favoured at pH between 7 -7.5 but undetected at pH 3.5 508 
(20,64). Secretion of Alp1 is related with immune evasion as it degrades human complements 509 
proteins C3, C4, and C5 (12). Possibly, PacC that is required for alkaline adaption and implicated 510 
as another global regulator of secondary metabolite production (34,65) plays an important role 511 
in the production of these compounds. 512 
 513 
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Figure Legends 708 

Figure 1. Schematic overview of strains used in this study (underlined in red). Adapted from 709 
(30). nac: non acidifying.  710 
 711 
Figure 2. CBB stained SDS PAA gels of mixed maltose and xylose culture media of A. niger N402 712 
(A), A. niger D15#26 (B), A. tubingensis (C), and A. fumigatus 293 (D) after 24, 48, and 72 h of 713 
growth.  714 
 715 
Figure 3. Competition binding assay of culture media of A. niger N402 (A) and A. niger D15#26 716 
(B). Lymphocytes, monocytes, and neutrophils are represented with red, green, and blue dots, 717 
respectively, * represents outliers. Y-axis represent the inverted geometric mean of 718 
fluorescence, the X-axis represent the used receptors in the CBA, data points above the dotted 719 
line (2) are scored as positive for binding of molecules from the culture medium. Samples were 720 
tested in 3 independent experiments. 721 
 722 
Figure 4: Competition binding assay using ≤ 3kDa fractions of culture media of D15#26 (A), N402 723 
(B), JN22.7 (C), JN21.1 (D), JN24.6 (E), and JN23.1 (F). Lymphocytes, monocytes, and neutrophils 724 
are represented with red, green, and blue dots, respectively, * represents outliers. Y-axis 725 
represent the inverted geometric mean of fluorescence, the X-axis represent the used receptors 726 
in the CBA, data points above the dotted line (2) are scored as positive for binding of molecules 727 
from the culture medium. Samples were tested in 3 independent experiments. 728 
 729 
Figure 5. Competition binding assay of A. fumigatus Af293 (A) and A. tubingensis (B) whole 730 
culture media. Lymphocytes, monocytes, and neutrophils are represented with red, green, and 731 
blue dots, respectively, * represent outliers. Y-axis represent the inverted geometric mean of 732 
fluorescence, the X-axis represent the used receptors in the CBA, data points above the dotted 733 
line (2) are scored as positive for binding of molecules from the culture medium. Samples were 734 
tested in 3 independent experiments. 735 
 736 
Figure 6. Competition binding assay of A. fumigatus Af293 (A) and A. tubingensis (B) ≤ 3 kDa 737 
fractions. Lymphocytes, monocytes, and neutrophils are represented with red, green, and blue 738 
dots, respectively, * represent outliers. Y-axis represent the inverted geometric mean of 739 
fluorescence, the X-axis represent the used receptors in the CBA, data points above the dotted 740 
line (2) are scored as positive for binding of molecules from the culture medium. Samples were 741 
tested in 3 independent experiments. 742 
 743 
Figure 7. binding assay of the ≤ 3kDa fraction of the culture medium of strain AB1.13ΔoahA#76. 744 
Lymphocytes, monocytes, and neutrophils are represented with red, green, and blue dots, 745 
respectively, * represent outliers. Y-axis represent the inverted geometric mean of fluorescence, 746 
the X-axis represent the used receptors in the CBA, data points above the dotted line (2) are 747 
scored as positive for binding of molecules from the culture medium. Samples were tested in 3 748 
independent experiments. 749 
 750 
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Figure 8. binding assay of the ≤ 3kDa fraction of the culture medium of strains JP1.1 (A), JN24.6 751 
(B) and MA870.1 (C). Lymphocytes, monocytes, and neutrophils are represented with red, 752 
green, and blue dots, respectively, * represent outliers. Y-axis represent the inverted geometric 753 
mean of fluorescence, the X-axis represent the used receptors in the CBA, data points above the 754 
dotted line (2) are scored as positive for binding of molecules from the culture medium. 755 
 756 
Figure 9. CBB stained SDS PAA gels of mixed maltose and xylose culture media after 72 h of 757 
growth of A. niger JN24.6 and of JN24.6, MA871.1 and JP1.1 after growth in siderophore 758 
medium.  759 
 760 
Figure 10. Model of the effectors and their role in the production of components competing 761 
with binding to the CD88, CXCR1, CXCR2 and PSGL-1 receptor. 762 
 763 

 764 

 765 

Tables 766 

Table 1. Strains used in this study.  767 
Strain name Parent Relevant genotype  Reference 

A. niger    
N402  Short conidiophore mutant of 

NRRL3 
(42)  

D15#26 N402 An UV-generated pyrG
-

 prtT
-

, laeA
-

 

strain isolated as a non-acidifying 
mutant (ac-) 

(30)  

JN21.1 D15#26 pAO4_13 (30)  
JN22.7 D15#26 pAO4_13-laeA  (30)  
JN23.1 AB4.1 pAB4.1 pyrG+   
JN24.6 AB4.1 ΔlaeA::AopyrG (30)  
AB1.13 AB4.1 pyrG

-

 prtT
- (66)  

AB1.13ΔoahA#76 AB1.13 ΔoahA::pyrG (67)  
JP1.1 N402 ΔpptA::AopyrG (36)  
MA870.1 JN24.6 ΔlaeA, ΔpptA::hygR This publication 
AF11#56 AB4.1 ΔprtT::pyrG (68)  
A. fumigatus    
Af293  Clinical isolate from lung tissue (46)  
A. tubingensis    
CBS 133792  Clinical isolate from an immuno-

compromised patient suffering 
from osteomyelitis 

(48)  

 768 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2022. ; https://doi.org/10.1101/2022.04.26.489527doi: bioRxiv preprint 

https://doi.org/10.1101/2022.04.26.489527
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 
 

Table 2. pH of Aspergillus culture media after 24, 48, and 72 h of growth and mycelium 769 
morphology after 72 h. The pH of culture medium at 0 h was 6. 770 

Strain 
pH 

Growth characteristic after 72 h of growth 
24 h 48 h 72 h 

A. niger N402 4.5 5.5 5.5 Dense pellets (± 450,000 µm2) 

A. niger D15#26 5.5 6.5 7 
Pellets (± 50,000 µm2) with some dispersed 
growth 

A. tubingensis 4.5 5 5.5 Dense pellets (± 230,000 µm2)   
A. fumigatus 293 7 7 8 Pellets (± 22,500 µm2) with dispersed growth 
 771 
 772 
 773 
 774 
 775 
 776 
 777 
 778 
Table 3. pH of the medium of 72-h-old A. niger cultures grown in MM in the presence of xylose 779 
or maltose. Strains JP1.1, JN24.6 and MA870.1 were grown in siderophore medium 780 
Strains   Medium addition pH Maltose pH Xylose 

D15#26 ΔpyrG, ΔprtT, ΔlaeA  7 7 
JN21.1 ΔpyrG, ΔprtT, ΔlaeA  7 7 
JN22.7 ΔpyrG, ΔprtT  3 3 
JN23.1   5 4 
JN24.6 ΔlaeA  7 7 
AB1.13 ΔpyrG, ΔprtT  4.5 4.5 
AB1.13ΔoahA#76 ΔpyrG, ΔprtT, ΔoahA  7 7 
JP1.1 ΔpptA Siderophore 

medium 
5 5.5 

JN24.6 ΔlaeA Siderophore 
medium 

7 7 

MA870.1 ΔpptA, ΔlaeA Siderophore 
medium 

6 7 

 781 
 782 
 783 
 784 
 785 
 786 
 787 
 788 
 789 
 790 
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Table 4. Summary of receptors with competition of binding from the fungal supernatant with 791 
antibodies 792 
 A. niger A. 

fumigatus 

A. 

tubingensis 
 N402 D15#26 JN22

.7 
JN21
.1 

JN24
.6 

JN23
.1 

Δoa

hA 
Af293  

 Whol
e 
fracti
on 

≤ 
3k
Da 

Whol
e 
fracti
on 

≤ 
3k
Da 

≤ 
3kD
a 

≤ 
3kD
a 

≤ 
3kD
a 

≤ 
3kD
a 

≤ 
3kD
a 

Whol
e 
fracti
on 

≤ 
3k
Da 

Whol
e 
fracti
on 

≤ 
3k
Da 

CD1
1b 

    X         

CD4
7 

  X  X        X 

CD8
8 

   X   X       

CD1
41 

  X           

PSG
L-1 

X X X X X X X X X X X X X 

CXC
R1 

  X X  X X  X X X   

CXC
R2 

  X X  X X   X X   

CD1
91 

         X X   

CD1
92 

            X 

 793 

 794 

 795 
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