TWO DEFENSIVE LINES IN JUVENILE LEAF BEETLES; ESTERS OF 3-NITROPROPIONIC ACID IN THE HEMOLYMPH AND APOSEMATIC WARNING 
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Fig. S1 Mass spectra of isoxazoline-5-one-glucoside and isoxazoline-5-one-glucoside ester. Marked signals correspond to [M]- and[M+HCOOH]-  ions
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Fig. S2 Mass spectra of isoxazoline-5-one-glucoside ester before and after injection with [13C,15N]-3-NPA.
The signal intensity of m/z 395 corresponding to [M+HCOOH+2] - is increased, see Fig. S5 for labelling ratios of the investigated species
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Fig. S3 Double quantum filtered (dqf)-COSY spectra (500 MHz, CD3OD) of the crude hemolymph from Chrysomela populi (A) or Phaedon cochleariae (B). Signals corresponding to amino acids (three letter codes), as well as isoxazoline (IO), glucose (Glc), and 3-nitropropionate (NPA) units are labelled.
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Fig. S4 Concentrations of isoxazolinone glucoside 5 and its 3-Nitropropionic acid ester 6 per mg body weight. The concentration of isoxazolinone glucoside (triangles) remained stable during development (regression analysis, P=0.448, F=0.593, N=30), the ester (dots) showed an increase in concentration (P<0.001, F=14.757, r²= 0.345, N=30), indicating autogenous synthesis
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Fig. S5 [13C,15N]-enrichment of isoxazolin glucoside ester 6 upon injection with [13C,15N]-3-Nitropropionic acid. The enrichment of 6 upon incorporation of injected labelled 3-NPA was calculated based on the relative intensities of the isotopic signals (detected as formic acid adducts) by using the equation:  [13C,15N]-6 in % = 100 / ([M+HCOO]- L + [M+1+HCOO]- L + [M+2+HCOO]- L) * ([M+2+HCOO] - L - [M+2+HCOO] - C)  with L representing the labelled compound and C the unlabelled control. The isotope enrichment for compound 6 in Chrysomela populi was 13.2 % ± 4,3% (mean value ± standard deviation, n=10 for each species), in the case of Phaedon cochleariae it was 7% ± 1,3%, while Chrysomela lapponica showed 24.5% ± 9,5% enrichment.
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Fig. S6 NMR spectroscopic identification of 8-hydroxygeraniol glucoside and salicin. A: Partial dqf-COSY spectrum of the crude Phaedon cochleariae hemolymph; B: dqf-COSY spectrum of 8-hydroxygeraniol glucoside standard; C: Partial dqf-COSY spectrum of the crude Chrysomela populi hemolymph; D: dqf-COSY spectrum of salicin standard.
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Tab. S1 Leaf beetle larvae analyzed for this study with collection site and host plant











	
	5
	6

	
	1H
	COSY
	13C
	HMBC
	1H
	COSY
	13C
	HMBC

	1
	4.925 d
	J1,2 = 9.2
	90.4*
	C-1’, 
C-2,3,5
	4.930 d
	J1,2 = 9.2
	90.2*
	C-1’
C-2,3,5

	2
	3.746*
	H-1’, H-3’
	71.0*
	C-1,3
	3.746*
	H-1’, H-3’
	71.0*
	C-1,3

	3
	3.457*
	H-2’, H-4’
	78.5*
	C-2,4
	3.457*
	H-2’, H-4’
	78.5*
	C-2,4

	4
	3.326*
	H-3’, H-5’
	70.9
	C-3,5,6
	3.326*
	H-3’, H-5’
	70.9
	C-3,5,6

	5
	3.407 ddd
	J5,4 = 10.8
J5,6 = 5.5
	80.3
	C-1,3,4
	3.610 ddd
	J5,4 = 10.7
J5,6 = 5.7
	77.2
	C-1,4

	6a
	3.84 dd 12.2, 2.1
	2J = 12.2
J6,5 = 2.1
	62.3
	C-4,5
	4.466 dd 12.0, 1.9
	2J = 12.0
J6,5 = 1.9
	64.7
	C-1’’, 
C-4,5

	6b
	3.65 dd
	2J = 12.3
J6,5 = 6.0
	
	C-4,5
	4.203 dd
	2J = 12.0
J6,5 = 6.0
	
	C-1’’, 
C-4,5

	1’
	8.453 d
	J1,2 = 3.7
	154.8
	C-2’, C-3’
	8.433 d
	J1,2 = 3.7
	155.1
	C-2’, C-3’

	2’
	5.315 d
	J2,1 = 3.7
	90.9
	C-1’, C-3’
	5.344 d
	J2,1 = 3.7
	91.5
	C-1’, C-3’

	3’
	-
	-
	174.0
	
	-
	-
	173.9
	

	1’’
	-
	-
	-
	
	-
	-
	171.5
	

	2’’
	-
	-
	-
	
	3.016 t
	J = 5.9
	31.7
	

	3’’
	-
	-
	-
	
	4.705 t
	J = 5.8
	70.7
	C-1’’, 
C-2’’



Tab. S2 NMR data of isoxazolinone glucosides 5 and 6 derived from analysis of 1H NMR, dqf-COSY, HSQC, and HMBC spectra of Phaedon cochleariae hemolymph
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[bookmark: _GoBack]Tab. S3 Screening of larval hemolymph for isoxazolinone glucoside, the corresponding ester and the presence of free 3-Nitropropionic acid. Hemolymph was taken in capillaries, sealed and shipped at RT.  1 hemolymph analyzed freshly. 2 amounts below limit of quantification. Concentrations are given in nmol/mg hemolymph
image7.tiff
species location plant

Chrysomela lapponica Uryl, Kazakhstan Betula rotundifolia
Chrysomela 20punctata  Alsemberg, Belgium Salix fragilis
Chrysomela populi Dornburg, Germany Populus trichocarpa
Chrysomela saliceti Halle, Belgium Salix purpurea
Chrysomela tremulae Treignes, Belgium Populus tremula
Linoidea aenea Treignes, Belgium Alnus glutinosa
Plagiodera versicolora Alsemberg, Belgium Salix fragilis

Phratora vitellinae Boitsfort (Brussels), Belgium Populus trichocarpa
Phratora vulgatissima Buizingen (Halle), Belgium Salix cinerea
Phaedon cochleariae own breeding Brassica rapa subsp. pekinensis
Gastrophysa viridula Jena, Germany Rumex spp.
Gastrolina depressa Kyoto, Japan Juglans regia
Chrysolina bruviniensis ~ Saint-Genesius-Rode, Belgium Hypericum perforatum
Chrysolina coerulans Brussels, Belgium Mentha viridis
Chrysolina herbaceae Saint-Genesius-Rode, Belgium Mentha viridis
Leptinotarsa decemlineata Brussels, Belgium Solanum tuberosum

Agelastica alni Halle, Belgium Alnus glutinosa





image8.tiff
species tribe subtribe 5 6 3-NPA
Chrysomela lapponica’ willow Chrysomelini Chrysomelina 412 3,81 +
Chrysomela lapponica’birch  Chrysomelini Chrysomelina 20,9 1,2 +
Chrysomela 20punctata Chrysomelini Chrysomelina 3,81 - +
Chrysomela populi’ Chrysomelini Chrysomelina 3,13 18,18 +
Chrysomela saliceti Chrysomelini Chrysomelina 51 1,13 +
Chrysomela tremulae Chrysomelini Chrysomelina 1,49 + +
Linaidea aenea Chrysomelini Chrysomelina 11,61 - +
Plagiodera versicolora Chrysomelini Chrysomelina 8,2 - +
Phratora vittelinae Chrysomelini Chrysomelina 9,08 - +
Phratora vulgatissima Chrysomelini Chrysomelina 11,36 - +
Phaedon cochleariae’ Chrysomelini Chrysomelina 9,05 49,05 +
Gastrophysa viridula? Chrysomelini Chrysomelina + - +
Gastrolina depressa Chrysomelini Chrysomelina + - +
Chrysolina brunsvicensis Chrysolinini  Doryphorina - -

Chrysolina coerulans Chrysolinini  Doryphorina - -

Chrysolina herbaceae Chrysolinini  Doryphorina - -
Leptinotarsa decemlineata Chrysolinini  Doryphorina - -

Agelastica alni Sermylini - -
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A) dgf-COSY of the C. populi hemolymph

F1 [ppm]

s F2(ppm]

B) dgr-COSY of the P. cochleariae hemolymph
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