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Abstract Phenylpropanoids are common aromatic compounds

synthesized by plants that are often used as starting compounds

for the production of various flavor and fragrance compounds.

The use of bacterial metabolism as a means to produce value-

added compounds from natural resources has been given much

attention as an alternative method to replace conventional

chemical syntheses. This review describes bacterial metabolisms

of the phenylpropanoid compounds trans-anethole, isoeugenol,

and isosafrole to better understand efficient production of natural

fragrance and other value-added compounds. 
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Introduction

The phenylpropanoids are organic compounds synthesized by

plants from the precursor amino acid phenylalanine (Humphreys

and Chapple, 2002) (Fig. 1). These compounds serve as essential

components of a number of structural polymers such as lignin

compounds, provide protection from ultraviolet light, defend

against herbivores and pathogens, and mediate plant-pollinator

interactions as floral pigments and scent compounds. Phenylpropanoid

compounds and their metabolic intermediates produced by

microorganisms have been used traditionally by the flavor and

fragrance industries as starting materials for chemical synthesis of

aromatic chemicals (Krings and Berger, 1998; Serra et al., 2005).

Flavors and fragrances widely used by the food, beverage, and

cosmetic industries show worldwide market of $22 billion dollars

per year in 2010 and is growing steadily. Due to the high cost and

unavailability of natural flavor extracts, most commercial flavors

and fragrances are nature-identical, which means they are the

chemical equivalent of natural flavors but chemically synthesized

rather than being extracted from the source materials. Natural

flavor and fragrance compounds have been mostly obtained from

plants. Since the characterization and identification of their chemical

structures as well as effectiveness, various chemical synthesis

methods targeting the compounds have been developed to substitute

for natural compounds. Thus, currently most of the flavor

aromatic compounds are produced via chemical synthesis and has

occupied up to 80% of total production of the flavors and

fragrances (Krings and Berger, 1998). However, the chemical

synthesis often produces unexpected environmentally unfriendly

by-products during the synthetic processes.

As society develops, consumers prefer to use food additives

that are labeled as a “natural” (Longo and Sanroman, 2006) and

natural food flavors were used in Germany as much as 70% in

1990 (Krings and Berger, 1998). Although the price difference

between synthetic flavors and natural flavors is remarkable,

consumers prefer to use natural and healthy flavors. As an

example, the prices of the chemically synthesized natural-identical

vanillin and natural vanillin extracted from vanillin pods is about

$12 kg−1 and $4,000 kg−1 respectively. For this, the conventional

method using plants to produce the natural compounds is still

effective but has some disadvantages such as low concentration of

the desired compounds in plants, high dependent productivity on

irresistible factors such as weather conditions and plant disease

(Longo and Sanroman, 2006).

To overcome the problems mentioned above, the biotechnological
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production of natural compounds has recently drawn more

attention to the researchers. The methods of biotechnological

production for flavor aromatic compounds has been classified as

a “natural” by the European and US food legislation (Krings and

Berger, 1998). Apart from agricultural farming, scaled up and

industrial-scale production using biotechnological tools such as

enzyme engineering or up-regulation of metabolisms are applicable

(Krings and Berger, 1998). In fact, advantages in biotransformation

and bioconversion are expected to be inexpensive and readily

available products from renewable natural precursors, such as

phenylpropanoids, fatty acids, and amino acids. In addition,

biotransformation and bioconversion can introduce chirality and

functionalization into chemically inert carbons, selective

modifications, and resolution of racemates (Krings and Berger,

Fig. 1 Expanded phenylpropanoid pathway in plants. 4CL, 4-hydroxycinnamoyl CoA ligase; C3H, p-coumarate 3-hydroxylase; C4H, cinnamate 4-
hydroxylase; CAD, cinnamyl alcohol dehydrogenase; CCoAOMT, caffeoyl CoA O-methyltransferase; CCR, cinnamoyl CoA reductase; COMT, caffeic
acid/5-hydroxyferulic acid O-methyltransferase; F5H, ferulate 5-hydroxylase; PAL, phenylalanine ammonia lyase; pCCoA3H, p-coumaryl CoA 3-
hydroxylase; SAD, sinapyl alcohol dehydrogenase; CFAT, coniferyl acetyltransferase; EGS, eugenol synthase; IGS, isoeugenol synthase; AIS, trans-
anol/isoeugenol synthase; CVOMT, chavicol O-methyltransferase; AIMT, trans-anol/isoeugenol O-methyltransferase; EOMT, eugenol O-
methyltransferase; IEMT, isoeugenol/eugenol O-methyltransferase.
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1998), which cannot be easily performed by the conventional

chemical methods. In this review, bacterial metabolisms of the

phenylpropanoid compounds trans-anethole, isoeugenol, eugenol,

vanillin, and isosafrole are introduced for a better understanding

of the efficient production process of natural fragrance and other

value-added compounds.

Bacterial Biotransformation of Phenylpropanoid Compounds

Biotransformation of trans-anethole. trans-Anethole (p-methoxy

propenylbenzene), the essential oils of anise, fennel, and star

anise, is also a type of phenylpropanoid compound formed by

terpene synthesis in plants (Newberne et al., 1999). trans-

Anethole is used commercially as a flavor substance in baked

goods, candy, ice cream, chewing gum, and alcoholic beverages

(Shimoni et al., 2003). However, there have been few research

reports regarding its metabolism (Shimoni et al., 2002; 2003;

Passreiter et al., 2004; Kurlemann et al., 2009; Wohlgemuth,

2010).

To date, two bacterial strains, Arthrobacter sp. TA13 and

Pseudomonas putida JYR-1 have been known to use trans-

anethole as a sole carbon source (Shimoni et al., 2002; Ryu et al.,

2005) (Fig. 2). Arthrobacter sp. TA13, which is pre-induced by

trans-Anethol, was capable of growing on anisic alcohol, p-

anisaldehyde, p-anisic acid, p-hydroxybenzoic acid, and

protocatechuic acid as sole carbon sources (Shimoni et al., 2002).

In addition, mutants of Arthrobacter sp. TA13 have been

introduced and found to accumulate three metabolic intermediates,

trans-anethole-diol, anisic acid, and 4,6-dicarboxylate-2-pyrone in

high amounts, among which four mutants can accumulate trace

amounts of anisic alcohol and anisaldehyde. From these results,

metabolic pathway of trans-anethole by Arthrobacter sp. TA13

was postulated that trans-anethole was first to be biotransformed

into anisic alcohol via an epoxide and diol. The alcohol was

further biotransformed to the corresponding anisaldehyde compound

or directly biotransformed to the diol, then to anisaldehyde. In

addition, during biotransformation of trans-anethole by P. putida

JYR-1, two stereoisomeric epoxides, syn- and anti-anethole-2,3-

epoxides, were identified as metabolic intermediates (Ryu et al.,

Fig. 2 Biotransformation pathway of trans-anethole combined from strains Pseudomonas putida JYR-1 and Arthrobacter TA13.
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2005). p-Anisic acid and p-hydroxybenzoic acid were also

detected in the culture medium of P. putida JYR-1(Ryu et al.,

2005).

Two bacterial strains, Arthrobacter sp. TA13 and P. putida JYR-

1 can also convert various aromatic compounds, whose structures are

closely related to that of trans-anethole. Arthrobacter sp. TA13

was capable of utilizing estragole as the sole carbon source

(Shimoni et al., 2003). On the other hand, Arthrobacter sp. TA13

failed to utilize eugenol, isoeugenol, safrole or isosafrole as the

sole carbon source (Shimoni et al., 2003), Arthrobacter sp. TA13

pre-grown on glucose in the presence of isoeugenol, eugenol,

isosafrole, and safrole can convert each substrate into vanillin and

vanillic acid, ferulic acid, piperonylic acid, and hydroxychavicol

(Shimoni et al., 2003). Metabolites of each compounds (except

safrole) indicated that strain TA13 could initiate the oxidation of

the side chains of propenylbenzene compounds (Shimoni et al.,

2003). The absence of specific demethylase to remove the

methoxy group at position 3 of the aromatic ring, Arthrobacter

sp.TA13 probably cannot make cleavage of the benzene ring,

resulting in no utilization of the aromatic compounds (Shimoni et

al., 2003). In contrasts, P. putida JYR-1 was able to utilize not

only caffeic acid and p-coumaric acid but also isoeugenol and

ferulic acid, both of which contain methoxy group at the 3-

position of benzene ring as the sole carbon source. P. putida JYR-

1, however, could not metabolize eugenol by resting cells grown

on trans-anethole. For understanding the mechanism, genes

involved in trans-anethole biotransformation were characterized

(Han et al., 2012a; 2012b). The genes responsible for the

metabolism of trans-anethole to protocatechuic acid were cloned

and placed on a plasmid, pTA163, approximately 34-kb sized

gene fragment from P. putida JYR-1 in Escherichia coli was

obtained (Fig. 4). When the open reading frame (ORF) 19 of the

plasmid pTA163 was mutated with Tn5, the ability to catalyze

trans-anethole was lost. Once ORF 10 (1047 nt) under a T7

promoter in E. coli was heterologously expressed, oxidative

cleavage of a propenyl group of trans-anethole to an aldehyde

group was catalyzed, resulting in the production of para-

anisaldehyde; this gene was designated as trans-anethole oxygenase

(tao). The deduced amino acid sequence of TAO had the highest

identity (34%) to a hypothetical protein of Agrobacterium vitis S4

and likely contained a flavin-binding site. With 18O-labeled H2O

and O2, TAO showed preferred incorporation of an oxygen

molecule from water into p-anisaldehyde, indicating stereopreference

of TAO for hydrolysis of the epoxide group (Fig. 5). In addition,

TAO from P. putida JYR-1 showed relaxed substrate range

covering isoeugenol, O-methyl isoeugenol, and isosafrole, all of

which contain the 2-propenyl functional group on the aromatic

ring structure, unlike the extremely narrow substrate range of

isoeugenol monooxygenase from P. putida IE27 and Pseudomonas

nitroreducens Jin1. The activity of TAO increased with addition of

NAD(P)H to the ultrafiltered cell extracts of E. coli (pTA163),

suggesting the presence of NADH-dependent oxygenase enzyme.

With the relaxed substrate range and single component oxygenase

of TAO, the system could have strong possibility for the production

of various fragrance compounds from plant phenylpropanoids in

the future (Han et al., 2012b).

Fig. 3 Bacterial biotransformation pathways of eugenol and isoeugenol. The ehyAB, calA, calB, fcs, ech, vdh, vdhAB, aat, and iem encode eugenol
hydroxylase, coniferyl alcohol dehydrogenase, coniferyl aldehyde dehydrogenase, feruloyl-CoA-synthetase, enoyl-CoA-hydratase/aldolase, vanillin
dehydrogenase, vanillate-O-demethylase, β-ketothiolase, and isoeugenol monooxygenase, respectively (adapted from Ryu et al., 2010). 
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Biotransformation of isoeugenol. Pseudomonas, Bacillus,

Brevibacillus, Psychrobacter, and Nocardia (Zhao et al., 2005;

Zhang et al., 2006; Kasana et al., 2007; Unno et al., 2007; Yamada

et al., 2007; Seshadri et al., 2008; Ryu et al., 2010; Ashengroph et

al., 2012; Wangrangsimagul et al., 2012), and yeast Candida

(Ashengroph et al., 2011) can biotransform 1-propenylbenzene

such as isoeugenol (Fig. 3). Although Seshadri et al. (2008) proposed

several isoeugenol degradation pathways, only one pathway, in

which isoeugenol was converted to vanillin via epoxide and diol

intermediates by resting cell of Nocardia iowensis DSM 45197,

was substantially proven. Bacillus pumilus and Bacillus subtilis

HS8 can also produce two intermediates, isoeugenol epoxide and

isoeugenol diol during biotransformation reaction from isoeugenol

to vanillin (Zhang et al., 2006, Hua et al., 2007). In our laboratory,

a soil bacterium Pseudomonas nitroreducens strain Jin1 was

isolated and was able to grow on both eugenol and isoeugenol as

sole sources of carbon and energy. Metabolites from the two

compounds suggest different pathways may be involved in the

biotransformation of eugenol and isoeugenol to vanillin by P.

nitroreducens Jin1 (Fig. 3). Eugenol was biotransformed to

vanillin through coniferyl alcohol and ferulic acid similarly to the

pathway suggested previously by Pseudomonas sp. HR199, and

vanillin produced from eugenol was rapidly metabolized to vanillic

acid. However, during the biotransformation of isoeugenol to

vanillin by P. nitroreducens Jin1, metabolic intermediates were

not present. In addition, biotransformation of vanillin to vanillic

Fig. 4 Contig 2 of fosmid clone pTA163, which contains P. putida JYR-1 genomic DNA fragment (A), and tao gene with arrow marks on the sites of
Tn5 transposon insertions (B) (adapted from Han et al. 2012).

Fig. 5 trans-Anethole side chain cleavage reaction by TAO of P. putida JYR-1 (adapted from Han et al., 2012).
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acid occurred in much slower rate (Unno et al., 2007). The genes

involved in the metabolism of eugenol and isoeugenol were

cloned into plasmid p1500 in E. coli, which were clustered in the

region of about 30 kb of P. nitroreducens Jin1 (Fig. 6). Two ORFs

26 (iemR) and 27 (iem) out of 23 ORFs in this region were

predicted to be involved in the conversion of isoeugenol to vanillin.

The deduced amino acid sequence of isoeugenol monooxygenase

(Iem) of P. nitroreducens strain Jin1 had 81.4% identity to

isoeugenol monooxygenase from P. putida IE27, which also

transforms isoeugenol to vanillin, was heterologously expressed in

E. coli BL21(DE3), and was found to biotransform isoeugenol to

vanillin. Deletion and sub-cloning analyses indicated that

expression of iem in the presence of isoeugenol required the gene

iemR, located upstream of iem, suggesting protein of iemR could

be the iem positive regulatory gene. IemR contained a putative

helix-turn-helix motif in its C-terminal part, representative for

members of the AraC/XylS family transcriptional regulators

(Tropel and van der Meer, 2004) with about 22.4% amino acid

sequence identity to cad gene transcriptional regulator from

Bradyrhizobium sp. HW13. The genes involved in the metabolism

of eugenol and isoeugenol were differently induced by isoeugenol,

eugenol, and vanillin, based on the reverse transcription, real-time

polymerase chain reaction (PCR) analyses (Ryu et al., 2010).

We investigated factors potentially affecting the expression of

iem in a heterologous expression system, which are the types of

chemical inducers,and the transcriptional regulator IemR. The

Fig. 7 Biotransformation of and gene arrangement for isoeugenol to vanillin by isoeugenol monooxygenase of P. nitroreducens Jin1.
Biotransformation pathway of isoeugenol to vanillin by isoeugenol monooxygenase (Iem) (A), the gene arrangement (B) and predicted promoter
sequence (C) of isoeugenol monooxygenase regulator (iemR) and iem genes (B) (adapted from Ryu et al., 2012). 

Fig. 6 Gene localization for iem in Pseudomonas nitroreducens Jin1. ORF 27 encodes isoeugenol monooxygenase (Iem). ORF17, 18, 20, 21, 28, 29,
31, 33, 34, and 38 are annotated as transcriptions-activator-protein, TetR family transcriptional regulator, transcriptions-regulator-protein, methyl-
accepting chemotaxis protein, alcohol dehydrogenase, predicted nucleoside-diphosphate-sugar epimerase 1, hypothetical protein, putative gamma-
glutamylcysteine synthetase, putative formaldehyde dehydrogenase, glutathione-dependent, and predicted nucleoside-diphosphate-sugar epimerase 2,
respectively. ORF26 is annotated as isoeugenol monooxygenase regulator (iemR) (adapted from Ryu et al., 2010).
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positive regulatory protein IemR of P. nitroreducens strain Jin1 is

divergently expressed from Iem, and the promoter region is located

between the genes (Fig. 7). The levels of isoeugenol and IemR

affected transcription of iem, and isoeugenol was found to be the

best inducer for expressing iem, followed by trans-anethole,

which induced iem to 58% of the transcription level observed for

isoeugenol. The transcription of iem was significantly increased

with overproduction of IemR in E. coli , up to 96-fold, even in the

absence of isoeugenol, as compared to basally expressed IemR, an

indication that the transcription of iem is dependent on the type of

inducers and on IemR. This basic research suggest that the

development of bioengineering strategies for increased production

of vanillin through high-level expression of the isoeugenol

monooxygenase gene in microorganisms (Ryu et al., 2012) could

be possible. Furthermore, isoeugenol monooxygenase (Iem) was

overexpressed in E. coli and purified. Based on the 18Oxygen-

labeling experiment, Iem catalyzed the oxidative cleavage of

isoeugenol via a monooxygenation reaction and incorporated

oxygen atom from O2 into vanillin, which is preferable to the one

from water (Fig. 8). The Iem did not require addition of any metal

cofactors. When four conserved histidines (His167, His218, His282,

and His471) of Iem, which are known to be associated with Fe2+

ligands in the apocarotenoid-15,15'-oxygenase (ACO) of Synechocystis

sp. PCC 6803, were replaced with alanine by site-directed

mutagenesis, Iem lost the activity. We have found Iem activity

was inhibited by preincubation with high concentrations of

chelators, and addition of iron ions did not affect the activity,

indicating tight binding of iron to the Iem. This was proven with

inductively coupled plasma mass spectroscopy (ICP-MS) analysis,

which showed 0.7 mol of iron per mol of Iem. These results

implied that Iem is an iron-containing oxygenase and iron metal

was involved in the Iem reaction (Ryu et al., 2013). Due to the

advantage of catalytic property, production of vanillin from

isoeugenol by utilizing isoeugenol monooxygenase expressed in

E. coli has been well studied (Priefert et al., 2001; Barghini et al.,

2007; Yamada et al., 2008; Kaur and Chakraborty, 2013).

Biotransformation of eugenol. Pseudomonas and Rhodococcus

can biotransform 2-propenylbenzene, eugenol, to vanillin through

a different pathway from isoeugenol (Overhage et al., 1999;

Plaggenborg et al., 2006; Jin et al., 2007) (Fig. 3). The bacteria

first initiate hydroxylation reaction on the 2-propenyl side chain of

eugenol to produce coniferyl alcohol by eugenol hydroxylase

(EhyAB), which is then oxidized to coniferyl aldehyde by

coniferyl alcohol dehydrogenase (CalA), and further oxidized to

ferulic acid by coniferyl aldehyde dehydrogenase (CalB). Finally,

ferulic acid was transformed to vanillin through coenzyme A

acylation and carbon bond cleavage catalyzed by feruloyl-CoA

synthetase (FCS) and enoyl-CoA hydratase/aldolase (ECH)

(Overhage et al., 1999).

Biotransformation of vanillin. Vanillin dehydrogenase (VDH) of

Pseudomonas sp. strain HR199 was reported to oxidize vanillin to

vanillic acid (Priefert et al., 1997). Vanillic acid was further converted

to protocatechuate by the two subunits vanillate O-demethylase,

VanA and VanB, identied in Pseudomonas sp. strain HR199 and

Rhodococcus jostii RHA1 (Chen et al., 2012).

Biotransformation of isosafrole. Another 1-propenylbenzene,

isosafrole, which have the same 1-propenyl side chain as trans-

anethole and isoeugenol, are used in fragrance industry and are

Fig. 8 Oxidative cleavage of isoeugenol to vanillin by Iem (A) and determination of the origin of oxygen located in vanillin by GC/MS of vanillin (B)
(adapted from Ryu et al., 2013).
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found in small amounts in various essential oils. It can be

commonly obtained by isomerizing the plant oil safrole. Isosafrole

is a precursor to the important fragrance piperonal and can also be

converted to into the psychoactive drug, 3,4-methylenedioxy-N-

methamphetamine (MDMA) (ecstasy). Piperonal, also known as

heliotropin and structurally related to benzaldehyde and vanillin,

is commonly found in fragrances and flavors, and has a floral odor

similar to that of vanillin and cherry. There are no genes or enzymes

that could transform isosafrole to piperonal. However, the yeast

strain Cladosporium sphaerospermum was found to yield piperonal

from isosafrole (Santos et al., 2003). Shimoni et al. reported that

a mutant of Arthrobacter sp. TA13 could transform isosafrole to

piperonal and piperonylic acid (2003). Thus, the TAO of P. putida

JYR-1 has potential for the production of piperonal, which is a

compound of great commercial importance in the flavor and

fragrance industries (Han et al., 2012a; 2012b). O-Methyl isoeugenol,

derivative of isoeugenol methylation, is also a component of

essential oil. Veratraldehyde is widely used as flavor and odorant

compounds due to its pleasant woody fragrance in fragrance

industry and an intermediate in the synthesis of pharmaceuticals

(Surburg et al., 2006).

Conclusion

In this report, we described various bacterial metabolisms of

compounds produced by phenylpropanoid pathways in plants

such as trans-anethole, isoeugenol, and eugenol, with seeking

possible applications for industrial production of natural flavors

and fragrances. These bacterial metabolisms can provide various

biocatalytic tools for producing the value-added compounds of

natural flavors and fragrances, and chemical synthons from

inexpensive plant-derived biomass (Fig. 9). However, many

problems, such as toxicity of the parent compounds and products,

efficient expression of the targeted genes, and physiological

stability of the recombinant bacterial strains, should be overcome

in order to produce expensive “natural” flavors and fragrances by

engineered microorganisms.

Acknowledgment This work was supported by the National

Research Foundation of Korea (NRF: 2012-0008725) grant,

Ministry of Education, Science & Technology, Republic of Korea.

References

Ashengroph M, Nahvi I, Zarkesh-Esfahani H, and Momenbeik F (2011)

Candida galli strain PGO6: a novel isolated yeast strain capable of

transformation of isoeugenol into vanillin and vanillic acid. Curr

Microbiol 62, 990–8.

Ashengroph M, Nahvi I, Zarkesh-Esfahani H, and Momenbeik F (2012)

Conversion of isoeugenol to vanillin by Psychrobacter sp. strain CSW4.

Appl Biochem Biotechnol 166, 1–12.

Barghini P, Di Gioia D, Fava F, and Ruzzi M (2007) Vanillin production using

metabolically engineered Escherichia coli under non-growing conditions.

Microb Cell Fact 6, 13.

Chen HP, Chow M, Liu CC, Lau A, Liu J, and Eltis LD (2012) Vanillin

catabolism in Rhodococcus jostii RHA1. Appl Environ Microbiol 78,

586–8.

Han D, Kurusarttra S, Ryu JY, Kanaly RA, and Hur HG (2012a) Production

of natural fragrance aromatic acids by coexpression of trans-anethole

oxygenase and p-anisaldehyde dehydrogenase genes of Pseudomonas

putida JYR-1 in Escherichia coli. J Agric Food Chem 60, 11972–9.

Han D, Ryu JY, Kanaly RA, and Hur HG (2012b) Isolation of a gene

responsible for the oxidation of trans-anethole to para-anisaldehyde by

Pseudomonas putida JYR-1 and its expression in Escherichia coli. Appl

Environ Microbiol 78, 5238–46.

Hua D, Ma C, Lin S, Song L, Deng Z, Maomy Z et al. (2007)

Biotransformation of isoeugenol to vanillin by a newly isolated Bacillus

pumilus strain: identification of major metabolites. J Biotechnol 130,

463–70.

Humphreys JM and Chapple C (2002) Rewriting the lignin roadmap. Curr

Opin Plant Biol 5, 224–9.

Jin J, Mazon H, van den Heuvel RH, Janssen DB, and Fraaije MW (2007)

Discovery of a eugenol oxidase from Rhodococcus sp. strain RHA1.

FEBS J 274, 2311–21.

Kasana RC, Sharma UK, Sharma N, and Sinha AK (2007) Isolation and

identification of a novel strain of Pseudomonas chlororaphis capable of

transforming isoeugenol to vanillin. Curr Microbiol 54, 457–61.

Kaur B and Chakraborty D (2013) Biotechnological and molecular

approaches for vanillin production: a review. Appl Biochem Biotechnol

169,1353-72.

Krings U and Berger RG (1998) Biotechnological production of flavours and

fragrances. Appl Microbiol Biotechnol 49, 1–8.

Kurlemann N, Lara M, Pohl M, Kroutil W, and Liese A (2009) Asymmetric

synthesis of chiral 2-hydroxy ketones by coupled biocatalytic alkene

oxidation and C-C bond formation. J Mol Catal B-Enzym 61, 111–6.

Longo MA and Sanroman MA (2006) Production of food aroma compounds:

microbial and enzymatic methodologies. Food Technol Biotechnol 44,

335–53.

Newberne P, Smith RL, Doull J, Goodman JI, Munro IC, Portoghese PS et al.

(1999) The FEMA GRAS assessment of trans-anethole used as a

flavouring substance. Food Chem Toxicol 37, 789–811.

Overhage J, Priefert H, and Steinbuchel A (1999) Biochemical and genetic

analyses of ferulic acid catabolism in Pseudomonas sp. Strain HR199.

Appl Environ Microbiol 65, 4837–47.

Passreiter CM, Wilson J, Andersen R, and Isman MB (2004) Metabolism of

thymol and trans-anethole in larvae of Spodoptera litura and

Trichoplusia ni (Lepidoptera: Noctuidae). J Agric Food Chem 52, 2549–

51.

Plaggenborg R, Overhage J, Loos A, Archer JA, Lessard P, Sinskey AJ et al.

(2006) Potential of Rhodococcus strains for biotechnological vanillin

production from ferulic acid and eugenol. Appl Microbiol Biotechnol 72,

745–55.

Priefert H, Rabenhorst J, and Steinbuchel A (2001) Biotechnological

Fig. 9 Bacterial biocatalytic tools for producing value-added compounds
of natural flavors and fragrances, and chemical synthons from
inexpensive plant-derived biomass.



J Korean Soc Appl Biol Chem (2013) 56, 125−133  133

production of vanillin. Appl Microbiol Biotechnol 56, 296–314.

Priefert H, Rabenhorst J, and Steinbuchel A (1997) Molecular characterization

of genes of Pseudomonas sp. strain HR199 involved in bioconversion of

vanillin to protocatechuate. J Bacteriol 179, 2595–607.

Ryu J, Seo J, Lee Y, Lim Y, Ahn JH, and Hur HG (2005) Identification of

syn- and anti-anethole-2,3-epoxides in the metabolism of trans-anethole

by the newly isolated bacterium Pseudomonas putida JYR-1. J Agric

Food Chem 53, 5954–8.

Ryu JY, Seo J, Ahn JH, Sadowsky MJ, and Hur HG (2012) Transcriptional

control of the isoeugenol monooxygenase of Pseudomonas nitroreducens

Jin1 in Escherichia coli. Biosci Biotechnol Biochem 76, 1891–6.

Ryu JY, Seo J, Park S, Ahn JH, Chong Y, Sadowsky MJ et al. (2013)

Characterization of an isoeugenol monooxygenase (Iem) from

Pseudomonas nitroreducens Jin1 that transforms isoeugenol to vanillin.

Biosci Biotechnol Biochem 77, 289-94.. 

Ryu JY, Seo J, Unno T, Ahn JH, Yan T, Sadowsky MJ et al. (2010)

Isoeugenol monooxygenase and its putative regulatory gene are located

in the eugenol metabolic gene cluster in Pseudomonas nitroreducens

Jin1. Arch Microbiol 192, 201–9.

Santos AS, Pereira NP, da S, II, Sarquis MI, and Antunes OA (2003)

Microbiologic oxidation of isosafrole into piperonal. Appl Biochem

Biotechnol 105 -108, 649–57.

Serra S, Fuganti C, and Brenna E (2005) Biocatalytic preparation of natural

flavours and fragrances. Trends Biotechnol 23, 193–8.

Seshadri R, Lamm AS, Khare A, and Rosazza JPN (2008) Oxidation of

isoeugenol by Nocardia iowensis. Enzyme Microb Tech 43, 486–94.

Shimoni E, Baasov T, Ravid U, and Shoham Y (2003) Biotransformations of

propenylbenzenes by an Arthrobacter sp. and its t-anethole blocked

mutants. J Biotechnol 105, 61–70.

Shimoni E, Baasov T, Ravid U, and Shoham Y (2002) The trans-anethole

degradation pathway in an Arthrobacter sp. J Biol Chem 277, 11866–72.

Surburg H, Panten J, and Bauer K (2006) In Common Fragrance and Flavor

Materials : Preparation, Properties and Uses. (5th ed.), Vol. xii, p. 318,

Wiley-VCH, Weinheim, Germany.

Tropel D and van der Meer JR (2004) Bacterial transcriptional regulators for

degradation pathways of aromatic compounds. Microbiol Mol Biol Rev

68, 474–500.

Unno T, Kim SJ, Kanaly RA, Ahn JH, Kang SI, and Hur HG (2007)

Metabolic characterization of newly isolated Pseudomonas nitroreducens

Jin1 growing on eugenol and isoeugenol. J Agric Food Chem 55, 8556–

61.

Wangrangsimagul N, Klinsakul K, Vangnai AS, Wongkongkatep J, Inprakhon

P, Honda K et al. (2012) Bioproduction of vanillin using an organic

solvent-tolerant Brevibacillus agri 13. Appl Microbiol Biotechnol 93,

555–63.

Wohlgemuth R (2010) Biocatalysis--key to sustainable industrial chemistry.

Curr Opin Biotechnol 21, 713–24.

Yamada M, Okada Y, Yoshida T, and Nagasawa T (2007) Purification,

characterization and gene cloning of isoeugenol-degrading enzyme from

Pseudomonas putida IE27. Arch Microbiol 187, 511–7.

Yamada M, Okada Y, Yoshida T, and Nagasawa T (2008) Vanillin production

using Escherichia coli cells over-expressing isoeugenol monooxygenase

of Pseudomonas putida. Biotechnol Lett 30, 665–70.

Zhang Y, Xu P, Han S, Yan H, and Ma C (2006) Metabolism of isoeugenol

via isoeugenol-diol by a newly isolated strain of Bacillus subtilis HS8.

Appl Microbiol Biotechnol 73, 771–9.

Zhao LQ, Sun ZH, Zheng P, and Zhu LL (2005) Biotransformation of

isoeugenol to vanillin by a novel strain of Bacillus fusiformis. Biotechnol

Lett 27, 1505–9.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


