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Supplementary Figure 1. Size exclusion chromatograms of one LD Betula batch (gray 

line) and its corresponding LP extract (black line) detected at 280 nm. Elution time in 

minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 2. Fifty µg of 8 different batches of LD extracts and their 

corresponding LP extracts analyzed by immunoblot and incubated with a pool of sera 

from birch allergic patients (A, B). STD: Molecular weight standard. Bet v 1 allergen is 

marked with an *. Right panel shows allergenic profiles obtained for each sample by 

scanning densitometry and grouped by type of extract (1, 3: depigmented extracts; 2, 4: 

polymerized extracts). 
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Supplementary Figure 3. Bet v 1 identification using LC-MS/MS. A heat map 

illustrating the sequence coverage (%) was obtained for the different isoforms of Bet v 1 

in the 18 batches of (A) depigmented and (B) depigmented-polymerized Betula extracts 

examined in the study. 

 

 

  



 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 4. Standard curve tested with AQUA peptides diluted in 

water. Peak areas corresponding to sum of areas for the different fragment ions of 

each peptide. Concentrations as amounts of heavy peptide on column. 

 

  



 

 

Supplementary Figure 5. Peak areas for the different fragment ions corresponding to 

peptide AVESYLLAHSDAYN when 1, 2, 5, 25, 100 and 200 ng of total protein were 

analyzed. Overloading of the column resulted in poor chromatography when higher 

amounts of sample were injected into the system. 

 

 

 



SUPPLEMENTARY INFORMATION 

 

Materials and Methods 

1. Extract manufacturing 

Eighteen different depigmented extracts and their corresponding depigmented-

polymerized extracts of Betula verrucosa were manufactured in strict compliance with 

GMP principles following internal procedures (LETI Pharma S.L.U., Madrid, Spain). 

Briefly, different batches of B. verrucosa pollen, collected in different years, were 

individually homogenized and extracted (1:10 w/v) in phosphate-buffered saline buffer 

(PBS) 0.01 M pH 7.4. With the objective to purify the extracts, the pH was 

progressively reduced to 2 with 2 M HCl and kept under magnetic stirring for 15 

minutes. Finally, the extract was extensively dialyzed against bi-distilled water with a 

cut-off membrane of 3.5 kDa (Millipore, Bedford, USA) for removing low molecular 

weight substances, pH adjusted to 7 with NaOH and sterile-filtered, frozen and 

lyophilized. This extract was termed depigmented extract (LD).  

The depigmented extracts were reconstituted at 15 mg/ml in PBS 0.01M and 

polymerized with glutaraldehyde. The reaction was stopped with glycine, the extracts 

dialyzed in 100,000 kDa dialysis membranes (Millipore, Burlington, MA, USA) and 

freeze-dried. This extract was named depigmented-polymerized extract (LP). 

2. Protein and allergenic profile 

The protein profile of LD and LP extracts was investigated by SDS-PAGE under 

reducing conditions (50 µg of freeze-dried material of each extract). In addition, 

molecular weight distribution was analyzed by Size Exclusion Chromatography (SEC) 

using a Bio SEC-3 Column (Agilent Technologies, Santa Clara, CA, USA) in a 1260 

series HPLC system (Agilent), at 1ml/min in 150 mM phosphate buffer, pH 7. 

Detection was performed at UV–215 nm and Gel Filtration Standard (Bio-Rad 

Laboratories, Hercules, CA, USA) was used as molecular weight marker. 

The allergenic profile of the extracts was analyzed by immunoblot. Electrophoretically 

separated bands were transferred onto PVDF membranes and incubated overnight with 

a pool of sera composed of equal volumes of 20 serum samples from birch allergic 

individuals (Plasmalab International; Everett, WA, USA) and prepared following 

specifications described in the European guidelines. After washing, membranes were 

incubated with monoclonal a-human-IgE-PO (Ingenasa, Madrid, Spain), developed with 

luminol solution (ClarityTM Western ECL Substrate, Bio-Rad) and detected by 



chemiluminescence (Amersham Imager 600 RGB system; GE Healthcare, Uppsala, 

Sweden). 

Scanning densitometry of SDS-PAGE and immunoblot detected bands was performed 

with ImageQuant TL 8.1 software (GE Healthcare).   

3. Proteins digestion 

Birch lyophilized samples of LD and LP were dissolved in ammonium bicarbonate (50 

mM NH4HCO3, pH 8.5) and proteins were precipitated in acetone overnight at -20ºC. 

The pellets were dissolved in 8 M urea/ 50 mM NH4HCO3 and proteins quantified using 

PierceTM BCA Protein assay (ThermoFisher Scientific, Waltham, MA, USA). Proteins 

were reduced (dithiothreitol 20 mM; 1.5 h, 32oC) and alkylated (iodoacetamide 35 mM; 

at RT for 30 min). Samples were diluted down to 1.5 M urea and digested with Lys C 

1/10 (w/w) for 2h (Sequence grade Lys-C, Wako; pH 8, 35oC) followed by porcine 

trypsin (Promega, Madison, WI, USA) digestion 1/25 (w/w) (pH 8, 35oC, 16h 

overnight). Peptides were cleaned-up with a C18 Top Tip (Poly LC), dried-down and 

stored at -20oC until the subsequent MS analysis. 

4. LC-MS/MS Data-Dependent Analysis (DDA) for Bet v 1 identification 

Digested peptides were analyzed in DDA mode in an LC-MS system comprising a 

nanoAcquity liquid chromatograph (Waters, Mildford, MA, USA) coupled to an LTQ-

Orbitrap Velos mass spectrometer (ThermoFisher Scientific). Digested peptides were 

analyzed for 30 min at a flow rate of 250 nL/min in a C18 column using a gradient of 1 

to 40% B (Symmetry C18TM trap column (5 μm × 180 μm × 20 mm); 75 μm Øi, 25 cm, 

1.7 μm BEH column, Waters), (A: 0.1% formic acid; B: 100% acetonitrile; 0.1% formic 

acid). 

Raw data files were searched against a database containing the International Union of 

Immunological Societies (IUIS) protein entries for Bet v 1 isoforms using the Mascot 

search engine. 

  



Supplementary Table 1. m/z and retention times for the light and heavy versions of the 

peptides included in the targeted acquisition method for relative quantification of Bet v 

1. 

m/z Start time (min.) 
 
End time (min.) Sequence 

927.965248 43.53 49.53 GVFNYETETTSVIPAAR (light) 

932.969382 43.53 49.53 GVFNYETETTSVIPAAR (heavy) 

618.979257 43.53 49.53 GVFNYETETTSVIPAAR (light) 

622.315347 43.53 49.53 GVFNYETETTSVIPAAR (heavy) 

920.957423 43.33 49.33 GVFNYESETTSVIPAAR (light) 

925.961557 43.33 49.33 GVFNYESETTSVIPAAR (heavy) 

614.307374 43.33 49.33 GVFNYESETTSVIPAAR (light) 

617.643463 43.33 49.33 GVFNYESETTSVIPAAR (heavy) 

933.98344 47.25 53.25 GVFNYEIETTSVIPAAR (light) 

938.987575 47.25 53.25 GVFNYEIETTSVIPAAR (heavy) 

622.991386 47.25 53.25 GVFNYEIETTSVIPAAR (light) 

626.327475 47.25 53.25 GVFNYEIETTSVIPAAR (heavy) 

1069.558032 40.12 46.12 VAPQAISSVENIEGNGGPGTIK (light) 

1073.565132 40.12 46.12 VAPQAISSVENIEGNGGPGTIK (heavy) 

713.374447 40.12 46.12 VAPQAISSVENIEGNGGPGTIK (light) 

716.045846 40.12 46.12 VAPQAISSVENIEGNGGPGTIK (heavy) 

736.372994 31.8 37.8 SVENIEGNGGPGTIK (light) 

740.380094 31.8 37.8 SVENIEGNGGPGTIK (heavy) 

776.867545 40.09 46.09 AVESYLLAHSDAYN (light) 

780.376127 40.09 46.09 AVESYLLAHSDAYN (heavy) 

518.247455 40.09 46.09 AVESYLLAHSDAYN (light) 

520.58651 40.09 46.09 AVESYLLAHSDAYN (heavy) 

719.846081 41.76 47.76 AVESYLLAHSDAY (light) 

723.354663 41.76 47.76 AVESYLLAHSDAY (heavy) 

 

  



Supplementary Table 2. Concentrations of the AQUA peptides diluted in water in the 

different points of the standard curve tested. Concentrations as amounts of peptide on 

column. 

 
AVESY(L)LAHSDAYN* AVESY(L)LAHSDAY*  AVESY(L)LAH* 

Standard curve  fmol on column fmol on column fmol on column 

AQUA_250amol 0.25 0.25 0.25 

AQUA_500amol 0.5 0.5 0.5 
AQUA_1fmol 1 1 1 
AQUA_2_5fmol 2.5 2.5 2.5 
AQUA_5fmol_1 5 5 5 
AQUA_10fmol_1 10 10 10 
AQUA_25fmol_1 25 25 25 
AQUA_50fmol_1 50   
AQUA_100fmol_1 100   

*(L) corresponds to 13C6,
15N-Leu.  



Supplementary Table 3. Fragment ions/transitions analyzed and used for the absolute 

quantification of the selected peptides. 

 

AVESYLLAHSDAYN 776.8675++ 
L[y9] - 1003.4843+  
D[b11]-1186.5739+ 
A[b12]-1257.6110+  
Y[b13]-1420.6743+ 
D[b11]-593.7906++ 
A[b12]-629.3091++ 
Y[b13]-710.8408++  
 

AVESYLLAHSDAYN 780.3761++ (heavy)     
L [y9] - 1010.5015+     
D [b11] - 1193.5910+ 
A [b12] - 1264.6282+ 
Y [b13] - 1427.6915+ 
D [b11] - 597.2992++ 
A [b12] - 632.8177++ 
Y [b13] - 714.3494++  
 

AVESYLLAHSDAY 719.8461++  
A[b8]-847.4560+ 
H[b9]-984.5149+ 
D[b11]-1186.5739+  
A[b12]-1257.6110+ 
D[b11]-593.7906++ 
A[b12]-629.3091++ 
 

AVESYLLAHSDAY 723.3547++ (heavy) 
A[b8]-854.4732+ 
H[b9]-991.5321+ 
D[b11]-1193.5910+ 
A[b12]-1264.6282+ 
D[b11]-597.2992++ 
A[b12]-632.8177++  
 

AVESYLLAH 501.7664++         
E[y7]-832.4199+ 
S[y6]-703.3774+         
Y[y5]-616.3453+ 
L[y4]-453.2820+ 
E[y7]-416.7136++ 
L[b6]-663.3348+ 
L[b7]-776.4189+ 

AVESYLLAH 505.2750++ (heavy) 
E[y7]-839.4371+ 
S[y6]-710.3945+ 
Y[y5]-623.3625+ 
L[y4]-460.2992+ 
E[y7]-420.2222++ 
L[b6]-670.3520+ 
L[b7]-783.4360+  
 

  



Supplementary Table 4. Bet v 1 content (µg/mg lyophilized extract) determined in 18 

batches of depigmented (LD) and depigmented-polymerized (LP) extracts of B. 

verrucosa by immune-assays (mAb) or mass-spectrometry analysis (MS). 

 

 Bet v 1 content (µg/mg lyophilized extract) 

Extract family LD extracts (MS) LP extracts (MS) LD extracts (mAb) 

1 70.36 92.86 90.03 

2 66.23 97.36 93.60 

3 55.87 60.23 71.31 

4 70.95 109.5 63.88 

5 70.15 59.46 119.77 

6 66.81 66.46 63.96 

7 54.67 41.06 66.72 

8 59.22 51.59 115.29 

9 67.16 75.24 114.64 

10 86.97 83.12 97.55 

11 65.41 57.15 85.21 

12 82.99 98.39 95.38 

13 74.64 63.33 63.19 

14 89.56 84.59 70.72 

15 82.07 60.53 96.64 

16 55.23 56.07 71.23 

17 61.16 67.69 63.06 

18 89.27 100.86 64.04 

 

 

 

 



Supplementary Table 5. Bet v 1 content (µg/mg lyophilized extract) determined in the depigmented (LD) and depigmented-polymerized (LP) extracts of B. 

verrucosa by mass spectrometry analysis. Example of calculations for sample 12. For the three peptides in each sample, the point in the calibration curve with H/L 

ratio closest to one was used to extrapolate the amount of the peptide in the sample, and the amount of the three peptides were summed for the final Bet v 1 

quantification in fmol. The molecular mass of Bet v 1 (17571 Da) was used to calculate µg of the protein in the sample. The amount of Bet v 1 in the extracts was 

corrected with the precipitation factor, which was calculated by dividing the total protein concentration before and after the precipitation step. 

  
Peptide 

Sequence 

 
Replicate 

Name 
 

Heavy 
to Light 

Ratio 

Quantification 
skyline (heavy) 

(fmol) 

Light 
peptide  on 

column (fmol) 

Lyophilized sample 
on column 

(ng) 

fmol 
peptide /ng 

lyophilized extract 

ng peptide/ 
ng lyophilized extract 

µg Bet v 1/ 
µg lyophilized extract 

precipitation 
factora 

µg Bet v 1 
protein / mg 

lyophilized extract 

Mean µg Bet v 1 
protein/ mg 

lyophilized extract 
SD 

 
 

% CV 
 
 

Sample 

 

 
AVESYLLAHSDAYN 12_LD_4ng_50fmol_1 1 46.4 38.4 12 3.3 0.06 

      

 
AVESYLLAHSDAY 12_LD_4ng_250amol_1 1 0.3 0.3 12 0.0 0.0 

      

Extract 12 AVESYLLAH 12_LD_4ng_500amol_1 1 0.4 0.5 12 0.0 0.00 0.06 0.715 83.1 
   

 
AVESYLLAHSDAYN 12_LD_4ng_50fmol_2 1 55.1 38.3 12 3.3 0.06 

      

LD AVESYLLAHSDAY 12_LD_4ng_250amol_2 1 0.3 0.3 12 0.0 0.0 
      

 
AVESYLLAH 12_LD_4ng_500amol_2 1 0.4 0.5 12 0.0 0.00 0.06 0.7 82.8 

   

 
AVESYLLAHSDAYN 12_LD_4ng_50fmol_3 1 51.3 38.3 12 3.3 0.06 

      

 
AVESYLLAHSDAY 12_LD_4ng_250amol_3 1 0.3 0.3 12 0.0 0.0 

      

 
AVESYLLAH 12_LD_4ng_500amol_3 1 0.4 0.5 12 0.0 0.00 0.06 0.7 83.1 83.0 0.19 0.23 

 
AVESYLLAHSDAYN 12_LP_4ng_25fmol_1 1 22.1 30.2 6 4.8 0.08 

      

 
AVESYLLAHSDAY 12_LP_4ng_250amol_1 1 0.1 0.6 6 0.1 0.0 

      

Extract 12 AVESYLLAH 12_LP_4ng_500amol_1 1 0.4 0.2 6 0.0 0.00 0.09 0.9 98.6 
   

 
AVESYLLAHSDAYN 12_LP_4ng_25fmol_2 1 22.6 30.2 6 4.8 0.08 

      

LP AVESYLLAHSDAY 12_LP_4ng_250amol_2 1 0.1 0.2 6 0.0 0.0 
      

 
AVESYLLAH 12_LP_4ng_500amol_2 1 0.4 0.5 6 0.1 0.00 0.09 0.9 98.3 

   

 
AVESYLLAHSDAYN 12_LP_4ng_25fmol_3 1 21.5 30.2 6 4.8 0.08 

      

 
AVESYLLAHSDAY 12_LP_4ng_250amol_3 1 0.2 0.2 6 0.0 0.0 

      

 
AVESYLLAH 12_LP_4ng_500amol_3 1 0.4 0.5 6 0.1 0.00 0.09 0.9 98.2 98.4 0.22 0.22 

a Precipitation factor was calculated by dividing the total protein concentration measured by colorimetric assay before and after the precipitation step. SD: standard deviation; 
CV: coefficient of variation 
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