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Abstract Whole genome sequence of Abeliophyllum distichum Nakai (Oleaceae) cultivar Ok Hwang 1 Ho, which 
is Korean endemic species, was recently sequenced to understand its characteristics. Acteoside is one of major 
useful compounds presenting various activities, and its several proposed biochemical pathways were reviewed 
and integrated to make precise biochemical pathway. Utilizing MetaPre-AITM which was developed for predicting 
secondary metabolites based on whole genome with the precise biochemical pathway of acteoside and the 
InfoBoss Pathway Database, we successfully rescued all enzymes involved in this pathway from the genome 
sequences, presenting that A. distichum cultivar Ok Hwang 1 Ho may produce acteoside. High-performance 
liquid chromatography result displayed that callus of A. distichum cultivar Ok Hwang 1 Ho contained acteoside 
as well as isoacteoside which may be derived from acteoside. Taken together, we successfully showed that 
MetaPre-AITM can predict secondary metabolite from plant whole genomes. In addition, this method will be 
efficient to predict secondary metabolites of many plant species because DNA can be analyzed more stability 
than chemical compounds.

Key Words : Acteoside, biochemical pathway, Whole genome, MetaPre-AITM, InfoBoss Pathway Database, 
Abeliophyllum distichum, cultivar Ok Hwang 1ho

요  약  최근에 한국 고유종인 미선나무 (Abeliophyllum distichum Nakai; Oleaceae) 품종 옥황1호의 유전체가 성공적으로 

해독되었다. Acteoside는 다양한 활성을 가지는 물질이며, 여러개의 생화학합성과정이 제시되어왔고, 이들을 통합 검토하여 정

확한 생화학합성과정을 완성하였다. 유전체 데이터로부터 2차대사산물을 예측할 수 있는 MetaPre-AITM와 정확한 acteoside 
생화학합성과정, InfoBoss Pathway Database를 활용하여, acteoside에 관여하는 모든 효소의 유전자를 옥황1호 유전체로부

터 성공적으로 확인하였다. 이는 옥황1호는 acteoside 물질을 생산할 수 있는 가능성이 있음을 의미한다. 이에 고성능액체크로

마토그래피를 사용하여 옥황1호의 캘러스 세포를 분석하여 acteoside과 이의 유도체인 isoacteoside를 확인하였다. 본 연구는 
MetaPre-AITM은 유전체로부터 2차대사산물을 성공적으로 예측하였다. 이 방법은 화학물질보다 안정적인 DNA를 분석하여 2

차 대사산물을 예측하는 효율적인 방법이 될 것이다.

주제어 : Acteoside, 생화학 합성과정, 유전체, MetaPre-AITM, InfoBoss Pathway Database, Abeliophyllum distichum, 
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1. Background

Abeliophyllum distichum Nakai belonging to 

Oleaceae is Korean endemic species in 

Abeliophyllum genus unique in Korea. This 

genus is independent to neighbor genus, 

Forsythia, based on phylogenetic studies [1,2] as 

well as complete chloroplast genome sequences 

[2-6]. It indicates that A. distichum is one of 

economically valuable our own biological 

resources under the Nagoya Protocol [7]. Till 

now, ten natural habitats have been reported 

[8-11], which is a limited factor to prepare 

enough amount of samples for extracting useful 

compounds. However, commercial cultivar, 

named as Ok Hwang 1ho, was successfully 

registered and cultivated well, indicating that 

enough amount of samples can be prepared for 

commercial use.

Recent researches have reported that A. 

distichum synthesize acteoside, eutigoside B, 

isoacteoside, rutin, cornoside, and hirsutrin [12, 

13]. Moreover, activities of extracts from A. 

distichum have been investigated showing 

anti-cancer activity [14,15], antioxidative 

activities [16-20], inhibition of DNA damage 

[16,21], anti-inflammatory effects [15,17,19,22], 

and whiting effect of skin [18,20,23]. These results 

strongly support that A. distichum is a good 

target to understand its usefulness as candidate 

of medical materials and functional foods. In 

addition, these compounds and activities were 

identified in natural isolate of A. distichum. 

Recently, whole genome of A. distichum

cultivar Ok Hwang 1ho was successfully 

sequenced and assembled, presenting 1.01 Gbp 

in length which is congruent to the result of 

k-mer analysis (1.02 Gbp; Park et al., in 

preparation). Official cultivar of A. distichum has 

two advantages: amount of plant samples can be 

easily expanded based on already accumulated 

cultivation experiences and its genetic 

background is identical, which is good for 

controlling quality. Ok Hwang 1ho has already 

been cultivated for long time in 

GoesanBunjae-Nongwon (Goesan-gun, Chungbuk 

Province, Republic of Korea). Genome sequence 

of A. distichum cultivar Ok Hwang 1ho can be 

used for finding enzymes involved in biochemical 

pathways of secondary metabolites. One of 

typical examples is Coffea canephora genome 

for identifying caffeine biosynthesis: all 

identified enzymes of this biochemical pathway 

were identified from genome sequences and 

compared with the other species [24]. In 

addition, tea (Camellia sinensis) genome  was 

also sequenced with presenting enzymes of 

caffeine biosynthesis pathway [25].

Acteoside, which is a caffeoyl phenylethanoid 

glycoside isolated from various Lamiales plant 

species including Phlomis genus (Lamiaceae) 

[26], Byblis liniflora (Byblidaceae) [27], 

Verbascum phlomoides [28], Verbascum 

mallophorum (Scrophulariaceae) [29], Plantago 

lanceolata (Plantaginaceae) [30], Plantago 

asiatica (Plantaginaceae) [31], and Rehmannia 

glutinosa (Orobanchaceae) [32], plays multiple 

roles as a neuroprotective agent [33-35], an 

anti-inflammatory agent [36-38], an 

antibacterial agent [36,39-41], and an antiviral 

activity [31].

In this study, we investigated three biochemical 

pathways of acteoside described in Fig. 1 and 

proposed the integrated biochemical pathway 

described in Fig. 2 Based on this pathway, we 

successfully identified the enzyme genes from 

genome sequence of A. distichum cultivar Ok Hwang 

1ho collected from GoesanBunjae-Nongwon 

(Goesan-gun, Chungbuk Province, Republic of 

Korea) with utilizing MetaPre-AITM. Based on 

prediction result, in total, 42 predicted genes 

were mapped to 24 enzymes in the three 

proposed pathways and 33 predicted genes 
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corresponding to 17 enzymes from the 

integrated pathway of acteoside were 

successfully identified from the genome of A. 

distichum cultivar Ok Hwang 1ho. After that we 

confirmed existence of acteoside in callus of A. 

distichum cultivar Ok Hwang 1ho via 

high-performance liquid chromatography 

experiment. Our results strongly suggested that 

plant secondary metabolites can be predicted 

from the genome sequences with the 

MetaPre-AITM.

2. Materials & Methods 

2.1 Preparation of callus of A. distichum

cultivar Ok Hwang 1ho 

Fresh leaves of A. distichum cultivar Ok Hwang 

1ho were collected from GoesanBunjae-Nongwon 

(Goesan-gun, Chungbuk Province, Republic of 

Korea, Voucher in InfoBoss Cyber Herbarium (IN); 

Y. Kim, IB-00589). Leaves were surface sterilized 

for 3 sec in 70% ethanol, soaked in sodium 

hypochlorite (5.25%), 10 min in sterile aquadest 

and then they were washed two times with sterile 

aquadest in laminar air-flow hood. The callus 

induction media was composed of MS (Murashige 

and Skoog) basal medium and supplemented with 

30 g/L sucrose, naphthalene acetic acid 1 mg/L, 

and 2,4‑dichlorophenoxyacetic acid 1 mg/L. The 

callus was induced 20 days later. Induced callus 

was subcultured in the same medium and 

sufficient amount was secured. Samples for HPLC 

analysis were used callus 20 days after the 

subculture. Analytical samples were prepared by 

adding 10 ml of methanol to 3 g of callus, 

extracting by sonication for 20 minutes, and 

filterated at 0.45 µM.

2.2 Identification of enzymes related to 

biochemical pathways of acteoside 

To identify enzymes of biochemical pathways of 

acteoside, the bioinformatic pipeline, named as 

MetaPre-AITM, was used, which was constructed 

together with the GenomeArchive® 

(http://www.genomearchive.info/; Park et al., in 

preparation), the Genome Information System (GiS; 

http://gis.infoboss.co.kr/), and the InfoBoss Pathway 

Database (IPD; http://pathway.infoboss.co.kr/; Park 

et al., in preparation). IPD is a standardized 

database of curated biochemical pathways with 

plant genomes supported by the Plant Genome 

Database (http://www.plantgenome.info; Park et al., 

in preparation). MetaPre-AITM contains three major 

components to identify enzymes from whole 

genome sequences as depicted in Fig. 3: i) 

homology-based enzyme identifier which selects 

candidate genes based on already-known enzyme 

amino acid sequences, ii) functional-domain based 

enzyme identifier which utilizes functional domains 

predicted by InterProScan [42], iii) 

phylogenetic-approach enzyme identifier which 

finds correct enzymes which display high similarity 

of amino acids within gene family, such as 

Cytochrome P450s, iv) amino acid pattern analyzer 

based on support vector machine (SVM) which 

classifies enzymes with forth-level of enzyme 

classification (EC) numbers displaying better than 

previous AI-based classifiers [43, 44], and v) 

AI-based evaluator which makes final decision of 

enzyme functions together with analysis results from 

the first two engines.

2.3 Protocol of high-performance liquid 

chromatography (HPLC) for identifying 

acteoside

A Waters 2695 system equipped with Waters 

2996 PDA was used for the analysis of 

acteoside. The separation was carried out on a 

Xbridge-C18 column (250 mm × 4.6 mm, 5 µm) 

with a C18 guard column. The binary mobile 

phase consisted of acetonitrile (solvent A) and 

water containing 1% acetic acid (solvent B). All 
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the solvents were filtered through a 0.45 µm 

filter prior to use. The flowrate was kept 

constant at 1.0 ml/min for a total run time of 

40 min. The system was run with a gradient 

program: 0 min, 90% B; 0-5 min, 85% B; 5-15 

min, 85% B; 15-40 min, 85% to 60% B. The 

sample injection volume was 10 µl. The peaks 

of interest were monitored at 335 nm by a PDA 

by comparing with an acteoside standard.

3. Results & Discussions

3.1 Integrated biochemical pathways of 

acteoside based on proposed multiple 

acteosides biochemical pathways

Till now, three biochemical pathways of 

acteoside described in Fig. 1 have been proposed 

(here after three pathways are mentioned as 

pathway A, B, and C, corresponding for Fig. 1A, 

1B, and 1C [32, 45, 46]). Three pathways of 

acteoside present critical differences among 

them: for example, process of caffeic acid 

biochemical pathway in pathway C described 

more intermediate products in comparison to 

that of pathway B. Especially, pathway C 

contains enzymes which do not exist in plant 

species highlighted as orange colored text in Fig. 

1C: dopamine beta monooxygenase (DBH; EC 

number is 1.14.17.1), which plays role to produce 

L-noradrenaline from dopamine, does not have 

any homologous gene in plant species in KEGG 

database even though it is known that plants also 

produce dopamine from L-noradrenaline [47]. In 

addition, pathway A contains typo of enzyme 

name marked as orange color with wave outlined 

box in Fig. 1A: ALDH is typo of alcohol 

dehydrogenase (ADH) which produces 

hydroxytyrosol from dopamine. This kind of 

phenomenon is natural because the proposed 

biochemical pathways of acteosides are not fully 

probed by experiments like the other 

biochemical pathways [48-50]. Pathway A 

mentioned primary-amine oxidase (CUAO; EC 

1.4.3.21) and alcohol dehydrogenase (ADH; EC 

1.1.1.1) involved in the reaction from tyramine to 

tyrosol; while pathway C presented 

primary-amine dehydrogenase (AOC3; EC 

1.4.3.21) and aryl-alcohol dehydrogenase (AAD; 

EC 1.1.1.90). Since 4-hydroxyphenylacetaldehyde 

is aromatic aldehyde and tyrosol is aromatic 

alcohol, ADH described with orange colored 

wave outlined box in Fig. 1A is not proper 

enzyme which catalyzes tyrosol from 

4-hydroxyphenylacetaldehyde.

Moreover, tyrosinase (TYR) mentioned in all 

three proposed pathways described in Fig. 1 

was changed to catechol oxidase (CO) because 

TYR gene was not found in plant genome.

To construct reasonable biochemical pathway 

of acteoside, we identified all enzymes which 

were mentioned in the three proposed pathways, 

which were listed in Table 1. Some enzymes, such 

as alcohol dehydrogenase (ADH), were used 

multiple times in the three pathways. In total, we 

identified 24 distinct enzymes from the three 

proposed pathways, which are listed in Table 2. 

Two of them, aspartate aminotransferase, 

chloroplastic (ASP5) and aspartate 

aminotransferase, mitochondrial (GOT2), have 

the same function but their subcellular locations 

are different so that we considered those as 

distinct enzyme; however, only one predicted 

protein of A. distichum (ADP131992.1.1) was 

found. During identification of 24 enzymes, we 

integrated two subpathways, phenylpropanoid 

subpathway [51] and tyrosine-derived 

subpathway [52] referred to the pathway C: EC 

number of trans-cinnamate 4-monooxygenase 

(C4H) mentioned in the pathway C was corrected 

EC number from 1.14.13.11 to 1.14.14.91 because 

EC number 1.14.13.11 was deprecated in 2018. In 

addition, both pathways B and C display one 
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ambiguous process in the last step of which 

substances are caffeic acid and hydroxytyrosol 

glucoside; however, we suggest that glucose of 

hydroxytyrosol glucoside is originated from 

salidroside through catechol oxidase (CO; EC 

number is 1.10.3.1) which is replacement of 

polyphenol oxidase (PPO) described in pathway A 

(EC number is 1.14.18.1). However, enzyme of 

which EC number is 1.14.18.1 is phenol oxidase 

and is distributed only in fungal and animal 

species. The result of MetaPre-AITM also presents 

that plant genomes including A. distichum do not 

contain PPO gene described in pathway A. In 

addition, for construction of better quality of 

acteoside biochemical pathway, we also refer to 

the KEGG pathway database [53], which is one of 

major databases of biochemical pathways.

Based on these results, we proposed the 

integrated biochemical pathway of acteoside 

covering distinct 17 enzymes described in Fig. 2. 

The integrated pathway of acteoside provides i) 

the detailed process that phenylalanine and 

tyrosine were generated from chorismite, ii) 

incorporates the phenylpropanoid and 

tyrosine-derived pathways, and iii) probes the 

final step that acteoside was generated from 

caffeic acid and hydroxytyrosol glucoside with 

rhamnose. In addition, this pathway also 

provides correct EC numbers of each enzyme. 

One example of correction of EC numbers is 

prephenate dehydrogenase (PD; EC 1.3.1.12) 

mentioned in the pathway C: the enzyme of 

which EC nunber is 1.3.1.2 was not found in A. 

distichum genome sequences; instead, EC 

1.3.1.13 enzyme was found in the genome, 

indicating that EC 1.3.1.12 should be changed 

to EC 1.3.1.13. However, there is no clue to 

determine the proper enzyme which produces 

acteoside by combining caffeic acid and 

hydroxy tyrosol glucoside in the last step. All 

steps except it in the integrated biochemical 

pathway of acteoside became reasonable in 

comparison to the three proposed pathways 

described in Fig. 1. 

3.2 Prediction of biochemical pathway of 

acteoside from whole genome sequences 

of A. distichum cultivar Ok Hwang 1ho

We used the first version of gene model of A. 

distichum cultivar Ok Hwang 1ho whole 

genome sequences (Park et al., in preparation). 

Among 147,440 predicted genes, 33 predicted 

proteins which are corresponding to 17 

enzymes in the integrated pathway of acteoside 

were identified via the MetaPre-AITM and listed 

in Table 2. Usual way to identify enzymes in 

whole genome sequences is searching similar 

proteins using BLAST program which calculates 

sequence similarity [54]. It is based on the 

assumption that similar protein sequences may 

have similar three-dimensional structure and its 

function will also be similar. However, there is 

exceptional case, for example, Cytochrome 

P450 [55-57] which involve in various 

biochemical pathways with presenting high 

similarity of amino acid sequence to each 

other. It causes trouble to identify correct 

enzyme genes when only relying on sequence 

similarity. MetaPre-AITM contains the engine can 

identify correct enzyme which can cause 

problem, which is phylogenetic-approach 

enzyme identifier in Fig. 3. Taken together, the 

33 predicted proteins listed in Table 2 indicate 

that A. distichum cultivar Ok Hwang 1ho 

genome contains all enzymes involved in the 

integrated pathway of acteoside. It will be a 

strong evidence that A. distichum cultivar Ok 

Hwang 1ho can synthesize acteoside as a 

secondary metabolite.
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3.3 Prediction of biochemical pathway of 

acteoside from whole genome 

sequences of A. distichum cultivar Ok 

Hwang 1ho

To confirm whether acteoside exists in A. 

distichum cultivar Ok Hwang 1ho or not, we 

chose callus for conducting high-performance 

liquid chromatography (HPLC; See Materials & 

Methods). The HPLC result depicted in Fig. 4 

presents that acteoside and isoacteoside were 

clearly identified. Acteoside was already 

predicted from the result of MetaPre-AITM, 

probing that the prediction result was correct. 

In addition, isoacteoside identified together is 

isomer of acteoside, of which position of 

carbon of one residue is different from that of 

acteoside. It can be generated from the process 

of combing caffeic acids with hydroxytyrosol 

glucosides or be produced after accumulating 

acteoside compound via specific enzyme. 

However, this enzyme was not identified till 

now, which will be a next step for finding 

proper enzyme for isoacteoside.

4. Conclusions

In this study, we predicted acteoside 

compound from A. distichum genome analysis 

conducted by MetaPre-AITM and confirmed its 

existence using HPLC experiment. It suggests 

that the new method conducted by 

MetaPre-AITM to identify useful secondary 

metabolites in plant species based on their 

genome sequences works properly. This new 

method can be a practical candidate to improve 

both accuracy and efficiency to identify 

secondary metabolites from plant species. Due 

to recent stabilized next generation and third 

generation sequencing technologies [58-60], the 

cost of genome sequencing project has been 

decreased as well as the difficulties of genome 

assembly and related bioinformatic analyses 

have also been solved. Moreover, DNA is more 

stable and easier to be analyzed using computer 

than chemical compounds, e.g. HPLC or gas 

chromatography, suggesting that our approach 

supported by MetaPre-AITM will become an 

efficient way to identify secondary metabolites 

from many plant species. In addition, we also 

know that suggested pathways of secondary 

metabolites should be reviewed in various 

aspects like what we did in this study. Taken 

together, our result can be a first step to link 

plant genomes to its secondary metabolites. In 

near future, this method can be applied to 

many plant species for identifying useful 

compounds efficiently and systematically.
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Fig. 1. Possible three acteoside biochemical pathways
Proposed pathways of acteoside were displayed as orange color with wave outline boxes which indicate incorrect information. (A) displays 

proposed biochemical pathway of acteoside from Figure 5 in Wang et al., 2017 [32]. (B) presents proposed biochemical pathway of 

acteoside from Figure 4 in Reyes-Martinez et al., 2019 [45]. (C) shows proposed biochemical pathway of acteoside from Figure 1 in Zhou 

et al., 2016 [46].
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Fig. 2. Biochemical pathway of Acteoside constructed from three pathways proposed previously
Integrated pathway of acteoside was displayed with chemical compound structure drawed by ChemDraw. Numbers on black arrows 

indicate EC number of enzymes involved in the reaction. Compound names were displayed below chemical compound structure. Dotted 

arrows indicate that enzyme in that reaction is not identified fully. Black boxes including label starting with EC mean EC number of 

enzymes in each step. Labels starting with ADP indicate predicted gene names of A. distichum cultivar Ok Hwang 1ho genome 

corresponding to enzymes in each step.
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Fig. 3. Structureof MetaPre-AITM

Cylinder diagrams indicates databases used as input in MetaPre-AITM. Filled rectangle with dotted line means MetaPre-AITM solution used 

in this study. Blue rounded rectangles mean components of MetaPre-AITM which can generate intermediate results from input data. 

Orange-colored rounded rectangle indicates AI-based evaluator which merges all intermediate results and makes a final result. 

Green-colored rounded rectangle with pathway diagram displays final result of MetaPre-AITM.

Fig. 4. Identification of Acteoside and Isoacteoside by HPLC of extracts from callus of A. distichum Cultivar 

Ok Hwang 1ho
Chromatogram indicate HPLC analysis of standard (A) and callus extracts (B). In the callus extract, the peaks of Acteoside and Isoacteoside 

wrere indified at the same retention time as standard, and the absorption spectrums (small graphs) of each peak were also the same.
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Table 1. List of candidate enzyme genes related to possible two acteoside biochemical pathways identified 

from A. distichum whole genome sequences

No Enzyme name EC number Substrate Products Original pathway

1 4-coumarate--CoA ligase (4CL) 6.2.1.12
Caffeic acid Caffeoyl CoA A

Cinnamic acid Cinnamoyl-CoA C

2 Alcohol dehydrogenase (ADH) 1.1.1.1

Tyramine Tyrosol A,B*

Dopamine Hydroxytyrosol A

DOPAL Hydroxytyrosol B

3
Arogenate dehydrogenase (NADP+), plant 

(TYRAAT)
1.3.1.78 L-arogenate Tyrosine C

4 Arogenate/prephenate dehydratase (ADT) 4.2.1.91 Prephenate Phenylpyrute C

5 aryl-alcohol dehydrogenase (AAD) 1.1.1.90
4-hydroxyphenylacetalde

hyde
4-hydroxyphenylethanol C

6
Aspartate aminotransferase, chloroplastic 

(ASP5)
2.6.1.1 Phenylpyrute Phenylalnine C

7
Aspartate aminotransferase, mitochondrial 

(GOT2)
2.6.1.1 4-hydroxyphenylpyruvate Tyrosine C

8
Aspartate-prephenateaminotransferase   

(PAT)
2.6.1.79 Prephenate L-arogenate C

9 Caffeoylshikimate esterase (CSE) 3.1.1.-
5-O-Caffeoyl shikimic 

acid
Caffeic acid C

10 Catechol-O-methyltransferase (COMT) 2.1.1.6 Caffeic acid Ferulic acid B

11 Chorismate mutase (CM) 5.4.99.5 Chorismate Prephenate C

12
Coumaroylquinate (coumaroylshikimate) 

3′-monooxygenase(C3H)
1.14.14.96

4-coumaric acid Caffeic acid A, B

4-Coumaroyl shikimate
5-O-Caffeoyl shikimic 

acid
C

13 Cyclohexadienyl dehydratase (Phe) 4.2.1.51 L-arogenate Phenylalanine C

14 Dopamine betamonooxygenase (DBH)  1.14.17.1 Dopamine L-noradrenaline C

15 Monoamine oxidase (MAO) 1.4.3.4 Dopamine DOPAL B

16 Phenylalanine ammonia-lyase (PAL) 4.3.1.24 L-phenylalanine 4-cinnamic acid A, B, C

17 Prephenate dehydrogenase (PD) 1.3.1.13 Prephenate 4-hydroxyphenylpyruvate C

18 Primary-amine oxidase (AOC3) 1.4.3.21
Tyramine, 

4-hydroxyphenylpyruvate

4-hydroxyphenylacetalde

hyde
C

19

　
Primary-amine oxidase (CuAO) 1.4.3.21

Dopamine Hydroxytyrosol A

Tyramine Tyrosol A. B

20
Shikimate O-hydroxycinnamoyltransferase 

(HCT)
2.3.1.133

Caffeoyl CoA, 

Hydroxytyrosol glucoside
Acteoside A

p-Coumaroyl-CoA 4-coumaroyl shikimate C

21
Trans-cinnamate 4-monooxygenase 

(C4H)
1.14.14.91

4-cinnamic acid 4-coumaric acid A, B

Cinnamoyl-CoA p-Coumaroyl-CoA C

22 Tyrosinase (TYR) 1.14.18.1

Salidroside
Hydropytyrosol   

glucoside
A

Tyrosine DOPA A, B, C

Tyramine Dopamine A

Tyrosol Hydroxytyrosol A

23 Tyrosine decarboxylase (TyDC) 4.1.1.25
Tyrosine Tyramine A, B, C

DOPA Dopamine A, B

24
UDP-glucose:(glucosyl) LPS 

alpha-1,2-glucosyltransferase (UGT)
2.4.1.-

Tyrosol Salidroside A, B

Hydroxytyrosol
Hydroxytyrosol   

glucoside
A

Caffeoyl CoA, 

Hydroxytyrosol glucoside
Acteoside A
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Table 2. List of enzymes identified from the integrated pathway of acteoside 

No Enzyme name EC number Predicted gene

1 Chorismate mutase (CM) 5.4.99.5 ADP088311.1.1

2 Arogenate/prephenate dehydratase (ADT) 4.2.1.91
ADP067318.1.1

ADP090928.1.1

3 Aspartate-prephenateaminotransferase (PAT) 2.6.1.79 ADP087260.1.1

4 Aspartate aminotransferase, chloroplastic (ASP5) 2.6.1.1 ADP131992.1.1

5 Aspartate aminotransferase, mitochondrial (GOT2) 2.6.1.1 ADP131992.1.1

6 Prephenate dehydrogenase (PD) 1.3.1.13 ADP033243.1.1

7 Cyclohexadienyl dehydratase (Phe) 4.2.1.51
ADP048895.1.1

ADP000570.1.1

8 Arogenate dehydrogenase (NADP+), plant (TYRAAT) 1.3.1.78 ADP059693.1.1

9 Phenylalanine ammonia-lyase (PAL) 4.3.1.24 ADP115622.1.1

10 Catechol oxidase (CO) 1.10.3.1
ADP047556.1.1

ADP097461.1.1

11 Tyrosine decarboxylase (TyDC) 4.1.1.25 ADP042753.1.1

12 Trans-cinnamate 4-monooxygenase (C4H) 1.14.14.91

ADP143827.1.1

ADP143816.1.1

ADP098858.1.1

ADP074900.1.1

13 Primary-amine oxidase (CuAO) 1.4.3.21
ADP094567.1.1

ADP135933.1.1

14 Coumaroylquinate (coumaroylshikimate) 3′-monooxygenase(C3H) 1.14.14.96
ADP035792.1.1

ADP104543.1.1

15 Alcohol dehydrogenase (ADH) 1.1.1.1

ADP007159.1.1

ADP068307.1.1

ADP041117.1.1

16 Aryl-alcohol dehydrogenase (AAD) 1.1.1.90

ADP073020.1.1

ADP075198.1.1

ADP034058.1.1

ADP062724.1.1

ADP135289.1.1

17

　
UDP-glucose:(glucosyl) LPS alpha-1,2-glucosyltransferase (UGT)

2.4.1.-

　

ADP077969.1.1

ADP000154.1.1

18 4-coumarate-CoA ligase (4CL) 6.2.1.12
ADP032128.1.1 

ADP056394.1.1

19 Caffeoylshikimate esterase (CSE) 3.1.1.- ADP144392.1.1

20 Catechol-O-methyltransferase (COMT) 2.1.1.6

ADP013856.1.1

ADP001950.1.1

ADP058351.1.1

ADP086664.1.1 

ADP099608.1.1

21 Dopamine betamonooxygenase (DBH) 1.14.17.1 N/A

22 Monoamine oxidase (MAO) 1.4.3.4 ADP086112.1.1

23 Shikimate O-hydroxycinnamoyltransferase (HCT) 2.3.1.133
ADP110810.1.1

ADP090962.1.1

24 Tyrosinase (TYR) 1.14.18.1 N/A
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․ 관심분야 : 식물분류학

․ E-Mail : myarn@infoboss.co.kr

이 준 미(Jun-mi Lee)                         [정회원]

․ 2020년 2월 : 서울대학교 응용생

물화학부(농학사, 졸업예정)

․ 2019년 10월 ~ 현재: Infoboss 

인턴

․ 관심분야 : 생화학

․ E-Mail : toosomeplace@naver.com

손 장 혁(Janghyuk Son)                       [정회원]

․ 2015년 8월 :  창업진흥원 기업멘토 

․ 2016년 6월 : 창업진흥원 아이디어

마루 멘토 

․ 2016년 4월 : 서울산업진흥원 인재

추천단

․ 2017년 2월 : 고려대학교 경제학 석사

․ 2019년 12월 ∼ 현재 : 인포보스(주) 공동대표

․ 관심분야 : 정보처리 및 IT, 사업계획 타당성분석 지적재산권

․ E-Mail : jasonshon@infoboss.co.kr

안 정 좌(Joungjwa Ahn)                       [정회원]

․ 1987년 2월 : 서울대학교 지구과학

교육과(이학사)

․ 1991년 5월 : 캔사스주립대 식품영

양학과 (이학석사)

․ 1994년 12월 : 캔사스주립대 식품

영양학과 (이학박사)

․ 2009년 3월 ~ 현재 : 중원대학교 식품공학과 교수

․ 관심분야 : 기능성식품, 식품가공

․ E-mail : jjahn@jwu.ac.kr
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장 태 원(Taewon Jang)                        [정회원]

․ 2015년 2월 : 중원대학교 생약자원

개발학과 (이학사)

․ 2017년 2월 : 중원대학교 생약자원

개발학과 (이학석사)

․ 2017년 9월 ∼ 현재 : 안동대학교 

생약자원학 박사과정

․ 관심분야 : 세포생물학, 분자생물학, 분석화학

․ E-Mail : jtw2111@hanmail.net

최 지 수(Jisoo Choi)                          [정회원]

․ 2018년 2월 : 중원대학교 생약자원

개발학과 (이학사)

․ 2020년 2월 : 중원대학교 생약자원

개발학과 (이학석사)

․ 관심분야 : 세포생물학, 분자생물학, 

분석화학

․ E-Mail : bryant511@naver.com

박 종 선(Jongsun Park)                        [정회원]

․ 2006년 8월 : 서울대학교 농업생명

과학대학 응용생물화학부, 공과대

학 컴퓨터공학부 학사

․ 2010년 8월 : 서울대학교 농업생명

과학대학 협동과정 농업생물공학 

박사

․ 2015년 5월 ∼ 현재 : 인포보스(주) 공동대표

․ 관심분야 : 생물정보학

․ E-Mail : starflr@infoboss.co.kr


