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Eutypine (4-hydroxy-3-[3-methyl-3-butene-1-ynyl] benzaldehyde) is a toxin produced by Eutypa lata, the causal agent of eutypa dieback in the grapevine (Vitis vinifera). Eutypine is enzymatically converted by numerous plant tissues into eutypinol (4-hydroxy-3-[3-methyl-3-butene-1-ynyl] benzyl alcohol), a metabolite that is nontoxic to grapevine. We report a four-step procedure for the purification to apparent electrophoretic homogeneity of a eutypinereducing enzyme (ERE) from etiolated mung bean (Vigna radiata) hypocotyls. The purified protein is a monomer of 36 kD, uses NADPH as a cofactor, and exhibits a K m value of 6.3 M for eutypine and a high affinity for 3-and 4-nitro-benzaldehyde. The enzyme failed to catalyze the reverse reaction using eutypinol as a substrate. ERE detoxifies eutypine efficiently over a pH range from 6.2 to 7.5. These data strongly suggest that ERE is an aldehyde reductase that could probably be classified into the aldo-keto reductase superfamily. We discuss the possible role of this enzyme in eutypine detoxification.

Many pathogenic bacteria and fungi produce toxins that interfere with various functions of plant cells and may affect plant defense mechanisms (Durbin, 1981). Toxin production is commonly associated with disease severity and can be involved in colonization or systemic invasion by the pathogen [START_REF] Scha ¨fer | Molecular mechanism of fungal pathogenicity to plant[END_REF]. Toxin resistance has been shown in most cases to be based on the ability of the plant to metabolically detoxify pathogen toxins [START_REF] Meeley | Enzymatic detoxification of HCtoxin, the host selective cyclic peptide from Cochliobolus carbonum[END_REF][START_REF] Zhang | The gene for albicidin detoxification from Pantoea dispersa encodes an esterase and attenuates pathogenicity of Xanthomonas albilineans to sugarcane[END_REF]Zweimuller et al., 1997). Few cloned toxin-resistance genes that encode proteins involved in detoxification mechanisms have been described [START_REF] Utsumi | Cloning of fusaric acid-detoxifying gene from Cladosporium werbeckii: a new strategy for prevention of plant diseases[END_REF][START_REF] Johal | Reductase activity encoded by the HM1 disease resistance gene in maize[END_REF][START_REF] Zhang | The gene for albicidin detoxification from Pantoea dispersa encodes an esterase and attenuates pathogenicity of Xanthomonas albilineans to sugarcane[END_REF]. In many cases a relationship exists between toxin tolerance and resistance to the disease (Anzai et al., 1989;[START_REF] Meeley | A biochemical phenotype for a disease resistance gene of maize[END_REF]. The availability of toxinresistance genes will permit a greater understanding of the mechanisms causing plant disease and will also set the stage for engineering resistance to plant disease [START_REF] Keen | The molecular biology of disease resistance[END_REF].

Eutypine (4-hydroxy-3-[3-methyl-3-butene-1-ynyl] benzaldehyde) is a toxin produced by the ascomycete fungus Eutypa lata (Pers.: Fr.) Tul., the causal agent of eutypa dieback [START_REF] Rulh | Eutypine, a phytotoxin produced by Eutypa lata, the causal agent of dying-arm disease of grapevine[END_REF]. This disease is responsible for considerable loss in yield and is the most devastating disease of grapevine (Vitis vinifera) in many countries (Moller and Kasamitis, 1981;[START_REF] Munkvold | Reduction in yield and vegetative growth of grapevines due to Eutypa dieback[END_REF]. The fungus infects the stock through pruning wounds and is present in the xylem and phloem of the vine trunk and branches (Moller and Kasamitis, 1978;[START_REF] Duthie | Relationship between the age of the vineyard and incidence of Eutypa lata dieback[END_REF]. After a long incubation period, a canker forms around the infected wound. The toxin synthesized by the fungus in the trunk is believed to be transported by the sap to the herbaceous parts of the vine [START_REF] Fallot | Eutypa dieback of grapevine: isolation of a molecule synthesized by Eutypa lata and toxic for grapevine[END_REF]. Eutypine penetrates grapevine cells through passive diffusion and its accumulation in the cytoplasm has been explained by an ion-trapping mechanism related to the ionization state of the molecule (Deswarte et al., 1996b). In the cell the effects of eutypine include reduction of adenylated nucleotide content, inhibition of succinate dehydrogenase, uncoupling of oxidative phosphorylation, and mitochondrial swelling (Deswarte et al., 1996a).

Symptoms of eutypa dieback in the herbaceous part of the plant lead to dwarfed and withered new growth of branches, marginal necrosis of the leaves, dryness of the inflorescence, and, finally, death of one or more branches (Moller and Kasamitis, 1981). The toxin appears to be an important virulence factor involved in symptom development of the disease (Deswarte et al., 1996a). However, the absence of toxin-deficient mutants of the fungus and its long incubation period in the trunk before symptom development have prevented a critical study of the toxin in vine plants. Determining the gene responsible for eutypine resistance would therefore be an important critical tool in determining the role of eutypine toxin in symptom development in the disease; and it has the potential to confer resistance to transgenic grapevines.

Recently, [START_REF] Colrat | Enzymatic detoxification of eutypine, a toxin from Eutypa lata, by Vitis vinifera cells: partial purification of an NADPH-dependent aldehyde reductase[END_REF] found detoxification to occur in grapevine cells through the enzymatic reduction of eutypine into its corresponding alcohol, eutypinol (4hydroxy-3-[3-methyl-3-butene-1-ynyl] benzyl alcohol). We have determined that this derivative of the toxin is non-toxic for grapevine tissues. Furthermore, we have established a relationship between the susceptibility of grapevine to eutypa dieback and the ability of tissues to inactivate eutypine, suggesting that the detoxification mechanism plays an important role in defense reactions. Eutypine is enzymatically detoxified in numerous plant species and, among them, we found that the tissues of mung bean (Vigna radiata), a nonhost plant for the pathogen, exhibit an efficient detoxification activity. As a prerequisite for demonstrating the involvement of eutypine toxin in eutypa dieback, we report here the purification to homogeneity and the characterization of an ERE from etiolated mung bean hypocotyls.

MATERIALS AND METHODS

Chemicals

Nonradioactive eutypine and [ 14 C]-labeled eutypine (1.36 GBq mmol Ϫ1 ) were synthesized according to previously described procedures [START_REF] Defrancq | The synthesis of ( 14 C) labelled eutypine[END_REF][START_REF] Defrancq | The synthesis of natural acetylenic compounds from Eutypa lata (Pers:) Tul[END_REF]. Benzaldehyde and benzyl alcohol were purchased from Sigma, cinnamaldehyde from Fluka, and all other chemicals from Aldrich.

Plant Material

Seeds of mung bean (Vigna radiata [L.] R. Wilcz) were purchased from Cereal Wander Nutrition Co. (Annonay, France). They were allowed to imbibe overnight in running tap water under continuous aeration, and then sown in vermiculite. Seedlings were harvested after 5 d in the dark at 23°C, and hypocotyls (approximately 2 cm long) were cut for enzyme extraction.

Assay of ERE Activity

ERE activity was assayed spectrophotometrically at 25°C by measuring the rate of enzyme-dependent decrease of NADPH absorption at 340 nm. The reaction mixture consisted of 200 mm Na 2 HPO 4 /100 mm citric acid, pH 6.5, 100 m NADPH, 100 m eutypine or other aldehyde derivatives (listed in Table II), and 10 to 100 L of proteins in a total volume of 500 L. To verify the identity of the reaction product, eutypine was substituted by [ 14 C]eutypine. After a 15-min incubation the reaction products were extracted three times with diethyl ether. The ether phases were evaporated under a stream of nitrogen, and the extracted compounds were suspended in 20 L of ethanol. The samples were cochromatographed with labeled eutypinol on silica-gel TLC using dichloromethane as a solvent, and the plates were exposed to radiographic film (Kodak XAR-5) for several days.

We determined the pH optimum for ERE activity in preliminary experiments by assaying activity in crude protein extracts. It was later confirmed with pure protein using a 0.1 m citric acid/0.2 m Na 2 HPO 4 buffer solution ranging from pH 5.5 to 8.0. Protein content was determined using a bicinchoninic acid dye reagent (Pierce) and BSA as a standard.

K m values were determined from initial velocities by varying the concentration of the substrates (3-25 m) and the cofactor (5-100 m). Kinetic parameters were calculated assuming Michaelis-Menten enzyme performance. All kinetic mesurements were performed at least three times, and the mean values were used for the subsequent calculations.

Extraction and Purification of ERE

All purification steps were carried out at 4°C. Mung bean hypocotyls (400 g) were homogenized in 2 volumes (w/w) of extraction buffer consisting of 100 mm sodium borate buffer, pH 8.0, 10% (v/v) glycerol, 1% (w/v) polyvinylpyrrolidone (M r 40,000), and 4 mm DTT. The resulting homogenate was centrifuged at 48,000g for 30 min. The clear supernatant was subjected to (NH 4 ) 2 SO 4 precipitation and the fraction precipitating between 30% and 70% saturation was resuspended in the same volume of 25 mm potassiumphosphate buffer, pH 8.0, and 10% glycerol (buffer A). Any material that was not readily solubilized was removed by centrifugation at 48,000g for 10 min and discarded. ERE activity was measured after desalting a 2.5-mL aliquot of the supernatant on a PD10 column (Pharmacia). The extract recovered from (NH 4 ) 2 SO 4 precipitation was adjusted to 1 m (NH 4 ) 2 SO 4 and loaded onto a phenyl Sepharose CL-4B column (1.6 ϫ 30 cm; Pharmacia) preequilibrated with buffer A adjusted to 1 m (NH 4 ) 2 SO 4 .

The enzyme was eluted from the column with a linear decreasing gradient of 1 to 0 m (NH 4 ) 2 SO 4 at a flow rate of 1.5 mL min Ϫ1 . Fractions of 5 mL were collected and those exhibiting ERE activity were pooled and desalted on a PD10 column as previously described. To maximize the elimination of contaminants, only the fractions containing the highest levels of ERE activity were pooled after each step for use in the subsequent steps. The desalted fractions from the phenyl Sepharose column were loaded onto a hydroxyapatite column (Econo-Pac CHT II, Bio-Rad) preequilibrated with buffer A. Proteins were eluted with an increasing linear gradient of 25 to 150 mm potassiumphosphate buffer, pH 8.0. Active fractions were pooled, desalted as outlined above, concentrated to a volume of 300 L by ultrafiltration on a Centrisart C 4 membrane (Sartorius, Goettingen, Germany), and injected into a fast protein liquid chromatography column (30 ϫ 1 cm) of Superose 12 HR (Pharmacia) equilibrated with buffer A. Proteins were eluted with the same buffer at a flow rate of 0.3 mL min Ϫ1 , and fractions of 300 L were collected.

Fractions containing ERE activity were pooled and desalted on a NAP10 (Pharmacia) column preequilibrated in Tris-HCl buffer, pH 8.0, and 10% glycerol (buffer B). The active, desalted Superose 12 HR fractions were loaded onto a Mono-Q HR5/5 column (Pharmacia) equilibrated with buffer B. The column was then rinsed with 10 mL of buffer B, and the ERE activity was eluted with an increasing linear gradient of 0 to 500 mm KCl at a flow rate of 1 mL min Ϫ1 . Purified ERE fractions were stored at Ϫ80°C.

Determination of Molecular Mass of ERE

To determine the molecular mass of ERE, partially purified enzyme (post hydroxyapatite) was subjected to Superose 12 HR gel filtration. Calibration was performed using the following molecular mass markers (Sigma): BSA, 66 kD; ovalbumin, 45 kD; carbonic anhydrase, 29 kD; Cyt c, 12.5 kD. All proteins were loaded in a total volume of 300 L, and elution was monitored by A 280 .

Electrophoretic Analysis

Denaturing SDS-PAGE electrophoresis was performed according to the method of [START_REF] Laemmli | Cleavage of structural proteins during the assembly of the bacteriophage T4[END_REF] in gels containing 12% acrylamide. Proteins were stained with silver nitrate [START_REF] Damerval | A simplification of Heukeneneshoven and Dermick's silver staining of proteins[END_REF]. The pI of the enzyme was determined by rapid IEF according to the method of [START_REF] Robertson | Rapid isoelectric focusing in a vertical polyacrylamide minigel system[END_REF].

RESULTS

ERE Purification

We achieved purification of ERE to apparent homogeneity by using a five-step protocol that included (NH 4 ) 2 SO 4 precipitation and four successive chromatographic steps (Table I). The corresponding chromatograms are presented in Figure 1. A second minor peak of ERE activity was found on the hydroxyapatite column. We focused on the major peak for the subsequent purification steps. After the last chromatographic step, an overall 1563-fold purification was obtained, with a recovery of 3.0%. The pure ERE had a specific activity of 891 nkat mg Ϫ1 using eutypine as a substrate. It was verified by TLC that the product from a reaction catalyzed by pure ERE (post Mono-Q) was a single spot that comigrated with authentic eutypinol (data not shown).

SDS-PAGE analysis of fractions from ERE sequential purification showed, after Mono-Q, a dominant polypeptide with an apparent molecular mass of approximately 36 kD (Fig. 2, lane 6). The purity of this band was verified by two-dimensional electrophoresis (data not shown).

Physicochemical Properties of ERE

The apparent molecular mass of the native ERE determined by gel filtration on Superose 12 corresponded to 36 kD. The fact that the protein size on SDS-PAGE-denaturing electrophoresis and native molecular mass estimation on Sepharose 12 gel filtration were both approximately the same suggested that ERE is monomeric. The pI of the ERE protein was found to be 7.2 (data not shown). The pH optimum of ERE activity was determined on the pure ERE (post Mono-Q) in citric acid/Na 2 HPO 4 buffer over a pH range of 5.5 to 8.0 under saturating substrate conditions. Enzymatic activity was optimal between pH 6.2 and 7.5, with a maximum at 6.5. Activity was maximum at 45°C, with an Arrhenius activation energy of 49.8 kJ mol Ϫ1 over the range of 25°C to 45°C.

Substrate Specificity of ERE

We determined the apparent K m for eutypine to be 6.3 m, indicating that ERE exhibited a high affinity toward the toxin (Table II). The K m value for NADPH was 8.4 m. NADH could not substitute for NADPH as cofactor. When ERE was incubated in the presence of NADP ϩ and eutypinol, no dehydrogenase activity was detected, even at high protein concentrations.

To identify other potential substrates of ERE, we examined its affinity toward various aromatic and aliphatic aldehydes. The data presented in Table II show that the enzyme had a relatively broad range of substrates. ERE had the highest specificity constant (k cat /K m ) for eutypine and the lowest K m values for 3-nitro-benzaldehyde and 4-pyridine carbaldehyde. Benzaldehyde and benzaldehyde derivatives containing substituents at position 3 on the aromatic ring (like eutypine) were reduced by ERE, but the enzyme showed higher K m values for 3-methoxy-, 3-methyl-, and 3-fluoro-benzaldehyde than for 3-nitrobenzaldehyde.

To determine the influence of the electronic nature of the substituents (represented by the constant ) on the rate of the ERE-catalyzed reaction, the log (apparent k cat ) values of ERE for different substrates were plotted against their values. The constant represents the electrical effect for a group R attached to an aromatic ring [START_REF] March | Advanced Organic Chemistry[END_REF]. The data showed that the electronic nature of the substituents weakly influenced the velocity of the enzyme-catalyzed reaction (the slope was only 0.15 Ϯ 0.06), suggesting that electron-withdrawing groups slightly accelerated the reaction, whereas electron-donating groups apparently decreased ERE activity (Fig. 3a). To determine whether steric hindrance plays a role in the reduction rates, the k cat values of 3-and 4-substituted compounds were plotted separately (Fig. 3, b andc). The two plots were essentially the same (i.e. they had very similar slopes, 0.32 Ϯ 0.04 and 0.33 Ϯ 0.06 for 3-and 4-substituted compounds, respectively). The data indicate that the steric hindrance at position 3 is similar to that at position 4. Various other aromatic aldehydes, such as cinnamaldehyde, coniferaldehyde, and sinapaldehyde, were converted much less efficiently than eutypine. Dihydroquercitin and dihydromyricetin, the two major dihydroflavonols found by [START_REF] Mato | Flavonol changes in seedlings of Vigna mungo during growth[END_REF] in mung bean, were not converted at all. Furthermore, ERE converted the reduction of various aliphatic aldehydes, and the efficiency of the reduction increased with the length of their hydrocarbon chains. We found the K m value for decylaldehyde to be close to that of eutypine.

DISCUSSION

Our results show that the capacity of mung bean to detoxify eutypine is determined by ERE. This protein was purified to apparent electrophoretic homogeneity from etiolated hypocotyls, and the purified enzyme catalyzed the reduction of eutypine into eutypinol, a nontoxic compound. We found ERE to be a NADPH-dependent oxidoreductase with a molecular mass of 36 kD and a monomeric active form. ERE exhibited a high affinity for eutypine and a broad substrate specificity but failed to catalyze the reverse reaction using eutypinol as a substrate. It showed a preference for 4-nitro-benzaldehyde, as do certain aldehyde reductases [START_REF] Jagt | Aldose reductase from human skeletal and heart muscle[END_REF][START_REF] Bohren | Expression of human aldose and aldehyde reductases[END_REF]. Furthermore, the pI of the purified enzyme on IEF gel electrophoresis was similar to the pI values of several aldehyde reductases [START_REF] Bohren | The aldo-keto reductase superfamily[END_REF][START_REF] Inoue | Cellular detoxification of tripeptidyl aldehyde by an aldo-keto reductase[END_REF]. ERE is therefore probably a member of the aldo-keto reductase superfamily [START_REF] Jez | Comparative anatomy of the aldo-keto reductase superfamily[END_REF].

Aldo-keto reductases catalyze the NADPH-dependent reduction of a variety of biogenic and xenobiotic aldehydes to their corresponding alcohols in mammalian and plant tissues. In mammalian cells aldehyde or aldose reductases play an important role in the biological inactivation of various toxic aldehydes such as chlordecone [START_REF] Winters | Isolation and characterization of cloned cDNAs encoding human liver chlordecone reductase[END_REF], N-acetyl-leucyl-leucyl-norleucinal (Inoue et al., 1993), and acreoline [START_REF] Kolb | Aldose reductase catalyzed reduction of acrolein: implication in cyclophosphamide toxicity[END_REF]. Similarly, aflatoxin B1, a mycotoxin secreted by Aspergillus flavus, can be metabolized to aflatoxin B1 dihydrodiol by an aldo-keto reductase of 36 kD isolated from rat liver [START_REF] Hayes | Resistance to aflatoxin B 1 is associated with the expression of a novel aldo-keto reductase which has a catalytic activity towards a cytotoxic aldehydecontaining metabolite of the toxin[END_REF]. In plants few reductases involved in toxin inactivation have been described. The first to be well characterized was a NADPH-dependent carbonyl reductase able to metabolize HC toxin, a cyclic tetrapeptide from Cochliobolus carbonum race 1 that parasitizes sensitive maize cultivars [START_REF] Meeley | A biochemical phenotype for a disease resistance gene of maize[END_REF]. The characterization of ERE contributes to an increased understanding of detoxification mechanisms for fungal toxins.

The analysis of purified ERE activity revealed that it reduced a broad range of aromatic and aliphatic aldehydes. It converted benzaldehyde and diverse substituted benzaldehydes, but the position and the nature of the substituents greatly affected the efficiency of the reduction. It was shown that electron-withdrawing groups accelerated the reaction, whereas electron-donating groups decreased ERE activity. This suggests that ERE differs from the benzyl alcohol dehydrogenases, because in the benzaldehyde reduction reaction these enzymes are known to be independent of the electronic nature of the benzaldehyde substituents [START_REF] Shaw | Substrate specificity of benzyl alcohol dehydrogenase and benzaldehyde dehydrogenase encoded by TOL plasmid pWWW0[END_REF][START_REF] Shaw | Kinetic studies on benzyl alcohol dehydrogenase encoded by TOL plasmid pWWW0[END_REF]. Furthermore, because nitro groups are larger than methyl or fluoro groups, the size of the substituent at position 3 or 4 on the aromatic ring may not affect structural hindrance.

Because ERE was purified from mung bean, a nonhost plant for E. lata, ERE may have a physiological role in mung bean. The apparent substrate specificity is distinct from that of cinnamyl-alcohol dehydrogenases [START_REF] Wyrambik | Purification and properties of isoenzymes of cinnamyl alcohol dehydrogenase from soybean cell suspension cultures[END_REF][START_REF] Goffner | Purification and characterization of isoforms of cinnamyl alcohol dehydrogenase (CAD) from Eucalyptus xylem[END_REF], dihydroflavonol-4-reductases [START_REF] Heller | Enzymatic reduction of (ϩ)-dihydroflavonol to flavan -3, 4-cis-diols with flower extracts from Matthiola incana and its role in anthocyanin biosynthesis[END_REF], and aromatic alcohol: NADP ϩ oxidoreductase such as the Arabidopsis defenserelated protein ELI3 [START_REF] Somssich | Arabidopsis thaliana defense-related protein ELI3 is an aromatic alcohol: NADP ϩ oxidoreductase[END_REF]. Even though ERE is probably involved in the generation of benzyl or aliphatic alcohol derivates, the physiological function of the enzyme remains unclear.

The enzymatic degradation of eutypine was previously described in grapevine cells cultured in vitro, and a 54-kD protein able to biologically inactivate the toxin has been partially characterized [START_REF] Colrat | Enzymatic detoxification of eutypine, a toxin from Eutypa lata, by Vitis vinifera cells: partial purification of an NADPH-dependent aldehyde reductase[END_REF]. The ERE protein purified from mung bean seems to be different from the enzyme described in the grapevine, suggesting that various aldehyde reductases could reduce eutypine in plants. However, the high affinity of ERE for the toxin and the fact that purified ERE effectively detoxified eutypine across a broad range of temperatures (25°C-45°C) and pH values (6.2-7.5) make the corresponding gene an attractive candi- 

Figure 1 .

 1 Figure 1. Chromatograms of ERE purification. Elution profiles of proteins (छ) and ERE activity (ࡗ) from Phenyl Sepharose (A), hydroxylapatite (B), Superose 12 (C), and Mono-Q (D) columns.

Figure 2 .

 2 Figure 2. Silver-stained SDS-PAGE documenting the progress of purification of ERE. Fractions include: Lane 1, Crude extract; lane 2, (NH 4 ) 2 SO 4 ; lane 3, Phenyl-Sepharose chromatography; lane 4, hydroxyapatite chromatography; lane 5, Superose 12 chromatography; lane 6, Mono-Q chromatography. The positions of molecular mass markers are indicated on the left in kD.

Figure 3 .

 3 Figure 3. Correlation of k cat with , dependent on the electronic nature of the substituent R, for ERE. a, Variation of log (apparent k cat ) with for substituted benzaldehydes. b, Variation of log (apparent k cat ) with for 3-substituted benzaldehydes. c, Variation of log (apparent k cat ) with for 4-substituted benzaldehydes.

Table I .

 I Purification of ERE from etiolated mung bean hypocotylsThe results presented are for a typical purification starting from 400 g of tissue

	Chromatography	Total Protein	Total Activity	Specific Activity	Purification Factor	Yield
		mg	nkat	nkat/mg		%
	Crude extract	613	350.0	0.57	-	100
	(NH 4 ) 2 SO 4	86	108.0	1.25	2.2	30.8
	Phenyl Sepharose	9.92	86.5	8.72	15.3	24.7
	Hydroxyapatite	0.43	22.4	51.5	90.3	6.4
	Superose 12	0.03	12.5	403	707.0	3.5
	Mono-Q	0.01	10.7	891	1 563.1	3.1

Table II .

 II Substrate specificity of the ERE of mung bean date to confer resistance to vinestock and to determine the role of eutypine in the symptom development of eutypa dieback. Cloning of the mung bean ERE cDNA is currently underway.

	Substrate	K m	k cat	k cat /K m
		M	min Ϫ1	10 5 min Ϫ1 /M Ϫ1
	Eutypine	6.3	50	79
	Benzaldehyde	33	5.1	1.5
	2-Nitro-benzaldehyde	376	10	0.3
	3-Nitro-benzaldehyde	2.9	11	40
	4-Nitro-benzaldehyde	5.3	11	23
	2-Fluoro-benzaldehyde	702	42	6.0
	3-Fluoro-benzaldehyde	5.4	9.0	16
	4-Fluoro-benzaldehyde	40	5.7	1.4
	2-Methyl-benzaldehyde	125	4.4	0.4
	3-Methyl-benzaldehyde	20	7.2	3.6
	4-Methyl-benzaldehyde	41	5.7	1.4
	2-Methoxy-benzaldehyde	49	7.8	1.5
	3-Methoxy-benzaldehyde	212	10	49
	4-Methoxy-benzaldehyde	150	7.2	0.5
	Propionaldehyde	87	3.2	37
	Hexanaldehyde	15	5.2	3.4
	Decylaldehyde	3.3	18	54
	Sinapylaldehyde	126	26	21
	Coniferylaldehyde	60	36	5.9
	Cinnamaldehyde	99	9.0	0.9
	Salicylaldehyde	66	14	2.1
	Furaldehyde	207	15	0.7
	4-Pyridine carbaldehyde	4.5	14	
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