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Supplementary Text S1 - Mass spectrometry  

Proteins were reduced, alkylated and digested in the polyacrylamide gel using trypsin 

(Promega, Mannheim, Germany) as previously described1. The resulting peptides were 

analyzed by nanoHPLC using an UltiMate 3000 HPLC system (LC PAcking, Dionex, Idstein, 

Germany) coupled to an amaZon ETD ion trap mass spectrometer (Bruker Daltonics, Bremen, 

Germany) with an ESI nanosprayer. The nanoHPLC system and the ion trap mass 

spectrometer were controlled using Bruker Compass HyStar v3.2 SR2 software. The liquid 

chromatography system comprised a reversed-phase pre-column (LC PAckings, Dionex) for 

sample desalting and a 15-cm PepMap 100 reversed-phase C18 column, 75 µm inner diameter 

(LC PAckings, Dionex), for peptide fractionation. The peptides were separated using a 45-

min linear gradient from 96% (v/v) solution A (2% (v/v) acetonitrile, 0.1% (v/v) formic acid 

in high-purity water) and 4% (v/v) solution B (98% (v/v) acetonitrile, 0.1% (v/v) formic acid 

in high-purity water) to 50% (v/v) solution A and 50% (v/v) solution B at a flow rate of 300 

nL min-1. The electrospray was operated in positive ion mode with a spray voltage of –4000 V 

and 10 psi gas pressure. The end plate offset of the mass spectrometer was set to –500 V and 

Proteomics AutoMSMS Alternating Spectra CID-ETD Bruker trapControl v7.0 was used for 

data acquisition. Raw data files were evaluated using Compass DataAnalysis v4.0 SR5 

software with embedded search engine Mascot Search v2.3.01 (Matrix Science Ltd, London, 

UK). The spectra were searched against the NCBInr fungi database and the cRAP database 

(including VAMAX1 and VAMAX2 sequences) using the following parameters: enzyme = 

trypsin, up to one missed cleavage permitted, no fixed modifications, variable modifications 

allowed = carbamidomethyl (C), oxidation (M) and propionamide (C), mass tolerance for 

precursor ion ±0.3 Da and fragment ion ±0.3 Da. 



 

Supplementary Figure S1 

 

Figure S1 Schematic representation of the VAMAX1 and VAMAX2 fusion antigens. DiCo1 and DiCo2 = diversity-

covering variants of PfAMA1 (dark gray); Pfs25 = Plasmodium falciparum D7 sexual-stage surface antigen Pfs25 

(light gray); PfCSP_TSR = thrombospondin-related region from P. falciparum 3D7 circumsporozoite protein 

PfCSP (hatched); PfMSP1_19 = C-terminal 19 kDa fragment of the merozoite surface protein 1 from P. falciparum 

strain FUP (cross-hatched). 



 

Supplementary Figure S2 

 

Figure S2 Investigation of potential proteolytic activity in the fermentation broth during the course of induction. (a) 

Samples of the supernatant during the induction phase of both strategies (three-phase = 3P, two-phase = 2P) 

were analyzed by LDS-PAGE and Coomassie-staining followed by the assessment of the background-corrected 

intensity of protein band 1 (VAMAX1) and protein band 2 (degradation product of VAMAX1) using AIDA Image 

Analyzer software (Raytest). Representative samples shown here from the end of the fermentation runs. M: 

marker. (b) To detect potential proteolytic activity in the fermentation broth the intensity ratio of band 1 to band 2 

was plotted during the induction phase. Filled symbols: three-phase strategy. Open symbols: two-phase strategy. 

Squares: VAMAX1 fermentations. Triangles: VAMAX2 fermentations. 



 

Supplementary Figure S3 

 

Figure S3 Stability of VAMAX1 (V1) in the supernatant after solid–liquid separation by centrifugation. At the end 

of the two-phase process, the cells were semi-continuously separated from the fermentation broth by 

centrifugation with a CARR Powerfuge P6 at 5,500 × g and a feed rate of 0.75 kg min-1. The cell density was 

considerably reduced to an OD600 of 2.48 ± 0.01 (n = 3) in the supernatant. (a) The stability testing of VAMAX1 

was performed during two consecutive filtration experiments starting directly (0.0 h) and 6.3 h after centrifugation, 

respectively, at room temperature. Samples of the supernatant were taken at the indicated times post-

centrifugation and were analyzed by LDS-PAGE and Coomassie-staining. (b) The Coomassie-stained bands of 

VAMAX1 were evaluated by densitometric analysis using AIDA Image Analyzer software. The background-

corrected integral of each band was plotted over time post-centrifugation. During the first filtration experiment, the 

apparent decrease in band intensity (representing product loss) was –0.26% per hour, calculated using a linear 

regression function (R2 = 0.97). For the second filtration experiment, the decrease in band intensity was –0.24% 

per hour (R2 = 0.97). 



 

Supplementary Table S1 – Mass spectrometry data 

Candidate / 
Protein band 

Accession Protein Score Peptides 
Sequence 
coverage 

VAMAX1      

Band 1 
VAMAX1_Dico1_ 
pfs25FKO_CSP_TSR 

VAMAX1 103.1 4 5.9% 

 gi|328352741 
Endochitinase [Komagataella 
phaffii CBS 7435] 

137.0 2 8.0% 

Band 2 
VAMAX1_Dico1_ 
pfs25FKO_CSP_TSR VAMAX1 396.1 8 12.9% 

VAMAX2      

Band 1 
VAMAX2_Dico2_ 
pfs25FKO_MSP1_19 VAMAX2 313.2 8 12.4% 

 gi|328352741 
Endochitinase [K. phaffii CBS 
7435] 

273.0 3 10.0% 

 gi|254564921 
Cell wall protein with similarity 
to glucanases [K. phaffii GS115] 

237.0 4 15.0% 

 gi|254570078 

Protein of the SUN family 
(Sim1p, Uth1p, Nca3p, Sun4p) 
that may participate in DNA 
replication [K. phaffii GS115] 

193.0 2 9.0% 

Band 2 
VAMAX2_Dico2_ 
pfs25FKO_MSP1_19 

VAMAX2 539.1 12 21.5% 

 gi|254564921 
Cell wall protein with similarity 
to glucanases [K. phaffii GS115] 

196.0 3 11.0% 

 gi|254570078 

Protein of the SUN family 
(Sim1p, Uth1p, Nca3p, Sun4p) 
that may participate in DNA 
replication [K. phaffii GS115] 

171.0 2 9.0% 

 



Supplementary Data S1 

Sequences of the putative host cell proteins identified by mass spectrometry (Supplementary 

Table S1) were used as BLAST queries against the UniProtKB database with the following 

parameters: 

- Threshold e-value: 0.001 

- Matrix:  auto 

- Filtering:  none 

- Gapped:  yes 

- Hits:   100 

 

Alignment with an endochitinase from Saccharomyces cerevisiae (UniProtKB entry P29029) 

found by using gi|328352741 (endochitinase [Komagataella phaffii CBS 7435]) as a BLAST 

query: 

 



Alignment with a putative family 17 glucosidase SCW10 from S. cerevisiae (UniProtKB 

entry Q04951) found by using gi|254564921 (cell wall protein with similarity to glucanases 

[K. phaffii GS115]) as a BLAST query: 

 

 



Alignment with a probable secreted β-glucosidase SUN4 from S. cerevisiae (UniProtKB entry 

P53616) found by using gi|254570078 (Protein of the SUN family [K. phaffii GS115]) as a 

BLAST query: 
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