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Supplementary Figure 1.  Sequence alignment of A. fumigatus Crh enzymes 

with orthologues from S. cerevisiae and C. albicans. Due to the low sequence 

identity at the C-terminus residues 1-297 of AfCrh5 were used for alignment, which 

was performed by ClustalW. The secondary structural elements (helix-, strand-, 310 

helix-, turn-TT) of AfCrh5 are shown above the sequences. The conserved catalytic 

motif is boxed by a cyan rectangle; the acceptor sugar binding motif is boxed by a 

yellow rectangle. The N-terminal CBM module is highlighted as magenta. The two 

cysteines indicated by light green markers below the sequence form a disulfide bridge. 

The figure was produced by ESPript1 1. 
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Supplementary Figure 2.  Generation and confirmation of crh mutants. a) 

Schematic diagram of reusing the selective marker pyrG. b) PCR confirmation of the 

crh mutants using primer pairs of P31 & P32, P33 & P34, P35 & P36, P37 & P38 and 

P39& P40 to amplify crh1, crh2, crh3, crh4 and crh5 genes, respectively. Primers P23 

& P24 were used to amplify pyrG gene; primer P25 paired with P26, P27, P28, P29 

and P30 to amplify crh1 neo-d-d, crh2 neo-d-d, crh3 neo-d-d, crh4 neo-d-d and crh5 

neo-d-d fragments; primer pairs of P3 & P6, P7 & P10, P11 & P14 and P19 & P22 to 

amplify upstream-gene-downstream parts of crh1, crh2, crh3 and crh5, respectively. c) 
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Southern blot confirmation using pyrG, crh1 downstream, crh2 downstream, crh3 

downstream, crh4 upstream and crh5 downstream as probes. Strain 1 and 2 represent 

quintuple mutant candidates. Source data are provided as a Source Data file.  
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Supplementary Figure 3. Deletion of crh genes renders slight sensitivity to 

Congo red. The indicated strains were spotted on MM plates in the absence or 

presence of 100 µg ml-1 and 200 µg ml-1 of CR. Photos were taken after incubation at 

37 °C for 48 h for MM and 100 µg ml-1 CR plates or 72 h for 200 µg ml-1 CR plate. 

Source data are provided as a Source Data file.  
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Supplementary Figure 4. Incorporation of sulphorhodamine (SR) in A. fumigatus. 

105 conidia of WT and indicated strains were incubated with 3.75 µM of SR in MM for 

16 h at 37 °C. Cells were fixed and stained with 10 µg ml-1 DAPI and 10 µg ml-1 CFW 

before being analysed by fluorescent microscopy. All images were taken at the same 

exposure. Scale bar, 50 µm. 
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Supplementary Figure 5. Incorporation of FITC labelled NAG6 (NAG6-FITC) in A. 

fumigatus. 105 conidia of WT and indicated strains were incubated with 3.75 µM of 

NAG6-FITC in MM for 16 h at 37 °C. Cells were fixed and stained with 10 µg ml-1 DAPI 

and 10 µg ml-1 CFW before being analysed by fluorescent microscopy. All images were 

taken at the same exposure. Scale bar, 50 µm. 
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Supplementary Figure 6. Stereo view of the ligand omit map. a) The blue mesh 

cage represents a 2 σ countored electron density from 20-fold average omit map 

wherein the NAG molecules were excluded from the initial phase calculation and 

further map averaging. b) The NAG4 molecules, represented as yellow sticks, as fitted 

into the omit map. c) Table showing the overall calculated B values at 100% occupancy 

(Q) plus the extracted values for both donor and acceptor and the further manually 

adjusted Q values to match the protein observed B values. Calculations were 

performed with Moleman (USF-uppsala). 
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Supplementary Figure 7. Chitinase and transglycosylase activities were detected by 

FACE assay using 2.5 mM oligosaccharides incubated with or without 25 µg of proteins 

for 16 h at 37 °C in Mcllvaine buffer pH 4.9. Reaction was stopped and labelled by 750 

nmol ANTS as described in Methods. a) NAG2 to NAG5 and G3 to G5 were incubated 

with AfCrh5 WT protein. NAG2 to NAG6 and G3 to G5 sugar standards were loaded 

in parallel on FACE gel (right panel). b)  NAG5 was incubated with WT and the 

indicated mutant enzymes of AfCrh5. c) NAG5 was incubated with or without WT 

AfCrh5 protein. Note the loading for lane 3 was double of lane 2. d) Transglycosylase 

activity using NAG5 as the donor, G4 or G5 as the acceptor. AfChiB treatment was 
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applied at the indicated samples after the transglycosylation reaction. Source data are 

provided as a Source Data file.    
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Supplementary Table 1: PCR primers used in this paper. Restriction sites are 

denoted in bold. 

Name Sequence 5’ to 3’ Details 

 

P1 

 

gttaacTTAATTAACCTAGGCCGGCCCCTTGcccgggACTCATGCGGCC

GCCTCCGCGATCGCCACCGGCGCGCCgttaacAGCT 

 

Making 

construct I  

 

P2 

 

gttaacGGCGCGCCGGTGGCGATCGCGGAGGCGGCCGCATGAGTccc

gggCAAGGGGCCGGCCTAGGTTAATTAAgttaacGTAC 

Making 

construct I  

 

P3 

 

aacTTAATTAAAACCTGTTTTCTACTGGGGACACCGC 

crh1 

upstream 

 

P4 

 

caaggGGCCGGCCGTTACTGTAAGGCTGTTGGCAGCAGATG 

Crh1 

upstream 

 

P5 

 

CTCATGCGGCCGCACCAACCAACATGTACTAGACTTTCTG 

crh1 

downstream 

 

P6 

 

aacGGCGCGCCGCTCCTGGTGCAGATGCGAAAGACC 

crh1 

downstream 

 

P7 

 

aacTTAATTAAATCTGATTGGCTCAGAGCAGTTCATCG 

crh2 

upstream 

 

P8 

 

caaggGGCCGGCCGGTGGCTGATATTGTACAAGAGAATAG 

crh2 

upstream 

 

P9 

 

CTCATGCGGCCGCGCGTGGGGTACTTGACACTTTCCAC 

crh2 

downstream 

 

P10 

 

aacGGCGCGCCAGAGCGGCCCTTCGCCTGGCTAGG 

 

crh2 

downstream 

P11 aacTTAATTAAGATGATGAGAAGATGGATAAGATATGATTG crh3 

upstream 

P12 caaggGGCCGGCCGATGGGGTTTTAGAAGGATCTCTCTCTAG crh3 

upstream 

P13 CTCATGCGGCCGCCCCTGCGTTGCAAAACGATCTCGTCC crh3 

downstream 

P14 aacGGCGCGCCCGCGGCCGTCAGCTCCGCCATCGC crh3 

downstream 

P15 aacTTAATTAAGAAGCATGGCGAGTTTCCCTTATAGG crh4 

upstream 

P16 caaggGGCCGGCCGGTGAGAGGCTTCGGAGGTAATGTG crh4 

upstream 

P17 CTCATGCGGCCGCGCTGAGCTTACGAAGAAGCGATGCAC crh4 

downstream 
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P18 aacGGCGCGCCGGCTCCGAACTGACATTAGGGACCAAC crh4 

downstream 

P19 aacTTAATTAATTGAATGGAAGTTAGGATCTTTGATTCTC crh5 

upstream 

P20 caaggGGCCGGCCGTCTGCGCTACGCAGGATAAAGGAGC crh5 

upstream 

P21 CTCATGCGGCCGCACAAAATGACGATTTTGGTTTAATGCACG crh5 

downstream 

P22 aacGGCGCGCCCAAGCGATTATCTGATCGATCAGGGAAG crh5 

downstream 

P23 CCTGCTTATCTGCATCAAAT pyrG marker 

P24 TACGAATCAGGGTCCACCAG 

 

pyrG marker 

P25 GCGGGGATCTCATGCTGGAG Neo-d500 

P26 GGCGTAGTAGCTGTCCTCCT 

 

crh1-d-d 

P27 GTACAAGTGGCTTCCCGGGG 

 

crh2-d-d 

P28 AGAAGCCTGCAGAGCCTACA 

 

crh3-d-d 

P29 TGTCCTTCCACGAACATCAG 

 

crh4-d-d 

P30 ACAGTTCCGATCGACACAAG 

 

crh5-d-d 

P31 AAAGGATCCATGATGCTGCCATTGCTGGCCGTTTC crh1 gene 

P32 tttGCGGCCGCTTAGAACGCAAGTGCGATAGCCAGG crh1 gene 

P33 AAAGGATCCATGGTGCGGATCGGCTCTTCACTTC crh2 gene 

P34 tttGCGGCCGCTCACAGGGTGACCAGGGCAACAACG crh2 gene 

P35 AAAAGATCTATGTCGCTCCTTTACCTTGTGGCCC crh3 gene 

P36 tttGCGGCCGCTTAATTGACCGGCTGGTATCCCTTGTG crh3 gene 

P37 ATGAGATTGTCTCTCGTTGGTGTGGC crh4 gene 

P38 TCAAAAGATTGCGATGAGGCCGCCAAG crh4 gene 

P39 AAAGGATCCATGTATTTCAAGTACACAGCAGCAGCC crh5 gene 

P40 tttGCGGCCGCTTAGAATGCCAACACGGCAGCGACG crh5 gene 

P41 AAAGGATCCTGGTCAAAGTGCAATCCCCTTG Truncate of 

crh5 (22-

275) 
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P42 tttGCGGCCGCTTA GCCCTGGGAGAGCTCGGGG Truncate of 

crh5 (22-

275) 
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