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1. Behaviour and experiments 
 

 

Behaviour 

 

Natural and experimental behaviour in palmate newts is described in the main paper, and can be 

seen in Movie S1: 

http://www.amphibia.be/downloads/abcde/pheromones.mov 

 

 

Receptivity tests 

 

To evaluate suitability of the animals to be used, all experiments were preceded by a receptivity test 

before the first experiment. Receptivity was tested by putting a male and a female together in a 

plastic container (25×16×14 cm) filled with 800 ml of aged tap water. Males that induced female 

following were considered receptive, and were used for collection of courtship water and chemical 

stimuli. Only females that followed a courting male were selected for subsequent (positive and 

control) two-female tests. For the species-specificity experiments, the courtship water of L. vulgaris 

and I. alpestris (used to test L. helveticus females) was first tested in a two-female test with L. 

vulgaris and I. alpestris, respectively. The positive reaction of these species to their own courtship 

water assured that the reduced reaction of L. helveticus females was due to species-specificity only, 

and not due to experimental variation in the potency of courtship water. 

 

 

 



 

2. SPF expression 
 

 

 

 

 
 

Figure S1. SPF expression in courtship water during and at the end of the breeding season. 

We performed RP-HPLC to purify SPF proteins from courtship water and compared their 

abundance in courtship water taken during the highlight of the breeding season with that sampled 

towards the end of the breeding season (when males are still tail-fanning). Comparison of RP-

HPLC elution profiles indicates that the SPF content is strongly reduced at the end of the breeding 

season (grey bar). Given that we compare molecules from courtship water, i.e. molecules that were 

effectively tail-fanned by the male to the female, this observation strengthens the evidence for a 

courtship function of SPF proteins during the breeding season. 

 



 

3. Identification of SPF proteins and post-translational modifications 
 

 

 

 

 
 

Figure S2. In source fragmentation pattern of SPF used to determine post-translational 

modifications. Eight hexoses (Mr of one hexose: 162.14) and one core N-acetylglucosamine 

(GlcNAc; Mr: 203.19) could be fragmented from a ten-times charged ion (m/z 2104.4). Taking into 

account the eight hexoses and two GlcNAcs, the m/z value of 2104.4 corresponds to the ion with 10 

charges of SPF 1 ( [[2104.4*10]-10]-[8*162.14]-[2*203.19]] = 19330.5 ). Typically, N-linked 

glycans contain two GlcNAcs. However, the glycosidic bond between the second core GlcNAc and 

the protein moiety rarely breaks during in-source fragmentation, thus no signal corresponding to the 

removal of the second core GlcNAc was detected. The N-linked glycan structure is most likely of 

the high mannose type, more specifically a Man(9 or 8)GlcNAc(2)-glycan. 

 

  

 

 



 

Table S1. Edman sequences. Cysteines were not detected (indicated as X in the sequence) as they 

were not alkylated prior to the sequence analysis. 



 

Table S2. Protein masses and identification of the level of glycosylation 

Full analysis of mass spectrometry data of SPF proteins in the courtship specific peak (fraction 

numbers refer to figure 2c), with corresponding cDNA precursor sequence matches from the 

abdominal gland. The table states (i) the measured relative molecular masses (Mr), (ii) the 

calculated precursor masses taking into account disulfide bridges and removal of the signal peptide, 

and (iii) the calculated precursor masses with glycosylation, taking into account S-S bridges and 

removal of the signal peptide. None of the precursor amino acid (AA) sequences shows homology 

with the 10 AA fragment that codes for the attractant deca-peptide sodefrin in Cynops pyrrhogaster, 

indicating that palmate newts do not express such a peptide. 

 



  

 

 

SPF found in 

courtship water 

(CP) 

Match with precursor found in abdominal gland 

Fraction i. Measured Mr Precursor 
ii. Calculated 

Mr precursor 

GlcNAc (Mr 

203.19) 

Hexose (Mr 

162.1442) 

iii. Calculated Mr 

glycosylated 

precursor 

47 20681.8 No match A     

47 20843.7 No match A + hex     

48 20830.0 SPF 2 19448.7 2 6 20828.0 

48 20667.3 SPF 2 19448.7 2 5 20665.8 

49 20830.4 SPF 2 19448.7 2 6 20828.0 

49 20667.5 SPF 2 19448.7 2 5 20665.8 

50 20829.7 SPF 2 19448.7 2 6 20828.0 

50 20667.6 SPF 2 19448.7 2 5 20665.8 

51 20697.3 No match B     

51 20828.4 SPF 2 19448.7 2 6 20828.0 

51 20738.7 SPF 4 19358.6 2 6 20737.9 

51 20667.0 SPF 2 19448.7 2 5 20665.8 

52 20696.8 No match B     

52 20737.4 SPF 4 19358.6 2 6 20737.9 

52 20896.5 SPF 5 19515.8 2 6 20895.0 

52 21059.7 SPF 5 19515.8 2 7 21057.2 

52 21028.2 No match C     

53 20897.6 SPF 5 19515.8 2 6 20895.0 

53 21059.0 SPF 5 19515.8 2 7 21057.2 

53 20865.8 No match C- hex     

53 20834.7 No match D     

53 21028.2 No match C     

53 20797.5 No match E     

53 20698.8 No match B     

54 20985.7 No match F     

54 20896.1 SPF 5 19515.8 2 6 20895.0 

54 20868.2 No match C- hex     

54 20834.9 No match D     

55 21037.7 SPF 1 19331.8 2 8 21035.3 

55 20981.2 No match F     

55 20874.2 SPF 1 19331.8 2 7 20873.2 

55 20713.6 SPF 1 19331.8 2 6 20711.1 

56 21037.6 SPF 1 19331.8 2 8 21035.4 

56 20875.5 SPF 1 19331.8 2 7 20873.2 

56 20713.1 SPF 1 19331.8 2 6 20711.1 

57 20876.3 SPF 1 19331.8 2 7 20873.2 

57 20924.7 No match G     

57 21038.4 SPF 1 19331.8 2 8 21035.4 

57 20712.8 SPF 1 19331.8 2 6 20711.1 

58 20876.1 SPF 1 19331.8 2 7 20873.2 

58 20924.2 No match G     

58 21035.2 SPF 1 19331.8 2 8 21035.4 

58 20712.3 SPF 1 19331.8 2 6 20711.1 

59 20327.1 SPF 3 18945.2 2 6 20324.4 

59 20164.5 SPF 3 18945.2 2 5 20162.3 

60 20326.5 SPF 3 18945.2 2 6 20324.4 

60 20163.7 SPF 3 18945.2 2 5 20162.3 

60 20003.4 SPF 3 18945.2 2 4 20000.1 

60 19679.1 SPF 3 18945.2 2 2 19675.8 

 



 

4. Molecular dating estimates 
 

 

Table S3. Age estimates and 95% highest posterior density (HPD). Node numbers correspond to 

the time tree of SPF protein diversification in figure 3. 

 

 
 

 

 


