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SUMMARY

. Title of Research ProjectⅠ

Development of productive system for higher value-added and useful proteins using target

sequence of fruiting body primordium-related proteins in mushroom and Breeding of

funtionality-enriched strain

. Objective and Necessity of the Research and DevelopmentⅡ

The goal of this study develop factorial system of mass production of foreign proteins

using Pleurotus eryngii with nutritional and economical values and provide industrial and

medicinal materials, preparing for biosimilar era and creating high value-added. The other

goal, by development of new mushroom species enriched with biological functionality,

secure core technology of new species development to prepare for potential of the

future market by protection of domestic market caused by FTA market opening and

preemption of protective patent by mitigation of GMO regulation

1. Objective of the Research and Development

A. Development of productive system for higher value-added and useful proteins using target

sequence of fruiting body primordium-related proteins in mushroom

(1) Analysis of property and functionality for proteins related with primordium formation of

fruiting body

(2) Analysis of genes encoding for proteins related with primordium formation of

fruiting body

(3) Development of expression and secretion vector using promoter and signal sequence of

the gene encoding for protein present in the primordium

(4) Cloning of useful genes into the expression and secretion vector and Its transformation

(5) Establishment of protein productive system in the primordium and mycelium

(6) Establishment of protein purification system by mass production of mycelial culture and

collection of the primordium

(7) Establishment of mushroom factory to produce useful proteins for preparation of

biosimilar era and Pharmaceutical raw materials by verification of the biological activity

(8) Creation of high value-added by mass production of useful protein and Provision of

industrial technology



B. Breeding of new mushroom species enriched with biological functionality

(1) Development of tranformation method for Pleurotus eryngii using plant and fungal vector

(2) Establishment of regeneration conditions by introduction of pigment and edible vaccine

encoding genes

(3) Breeding of funtionality-enriched mushroom strain and Mass production

(4) Development of functional healthy food and edible vaccine

2. Necessity of the Research and Development

A. Deficiency of system to produce and secrete useful proteins using Pleurotus eryngii as host

strain

(1) Need for molecular biological study of mushroom-specific promoter and signal sequence

(2) Need for mushroom factory to produce useful proteins

B. Deficient systematic study for transformation, regeneration, genetics, and protein expression

of Pleurotus eryngii

C. Need for developing protocols to improve efficiency of transformation and regeneration

in mushroom to connect BT to molecular breeding field of crops

D. Need for developing expression/secretion system by molecular biological study of

primordium

(1) Need for preemption of technical predominance of our inherent BT by developing protein

productive system

(2) Need for easiness of protein purification procedure by collection of primordium or protein

secretion of mycelium through mass fermentation

E. Need for developing mass production system of generics to prepare for Biosimilar era

(1) Need for pharmaceutical raw materials of useful proteins

F. Need for securing technical power and defensive/aggressive intellectual property to prepare

for FTA open market (international right protection of genetic resources)

G. Need for securing core technology of new species development enriched with additional

function

H. Need for increase of farm income and public health promotion by crops development

containing functional materials



. Contents and Scope of the Research and DevelopmentⅢ

1. Contents and Scope the Research and Development

A. Development of productive system for higher value-added and useful proteins using target

sequence of fruiting body primordium-related proteins in mushroom

: By analyzing proteins present in primordium which is essential for formation of fruiting

body, it will result in elucidating related mechanisms and roles of the proteins in process of

primordium formation. By investigating effects of gene promoter and signal sequence

encoding for the protein on regulations of expression and secretion of useful proteins (EPO,

EGF, hGH, CSF, Surfactant protein, fibrinolytic enzyme), this study aim for creation of high

value-added and offer of industrial technology

(1) Characterization and functional analysis of the protein related to primordium formation of

fruiting body

(2) Characterization and gene isolation encoding for proteins related to primordium formation

(3) Development of expression/secretion system using genes (promoter & signal sequence)

encoding for proteins expressed in primordium

(4) Introduction of useful genes into expression/secretion vector and transformation

(5) Establishment of productive system for proteins in mycelium and primordium

(6) Establishment of easiness for protein purification procedure by collection of primordium

or protein secretion of mycelium through mass fermentation

(7) Establishment of mushroom factory for mass production of protein

(8) Pharmaceutical raw materials of useful proteins by verification of biological activity

(9) Creation of high value-added and offer of industrial technology by mass production of

useful proteins

B. Breeding of new mushroom species enriched with biological functionality

: In cooperative project, the goal is to establish transformation method of Pleurotus eryngii

using plant and fungal vectors and to develop new Pleurotus eryngii strain enriched with

functionality by introduction of colorful genes ( -carotenoid and anthocyanin) and usefulβ

genes (HBsAg, GAD), resulting in protection of domestic market for FTA open market

and preemption of protective patent by mitigation of GMO regulation and securing core

technology of new species development to prepare potential of the future market.

(1) Development of tranformation method for Pleurotus eryngii using plant and fungal vector

(2) Establishment of regeneration conditions by introduction of pigment and edible vaccine



encoding genes

(3) Breeding of funtionality-enriched mushroom strain and Mass production

(4) Development of functional healthy food and edible vaccine

. Results of the Research and DevelopmentⅣ

1. The 1
st

detailed project : Development of productive system for higher value-added and

useful proteins using target sequence of fruiting body primordium-related proteins in

mushroom

A. Establishment of transformation method suitable for mycelium of Pleurotus eryngii

The necessary requirement in mushroom BT is to secure method for gene introduction.

Although transformation methods such as protoplast (REMI), biolistic bombardment,

electroporetion, and Agrobacterium were developed, the big problem is that there is low

effectiveness and regeneration rate. In this study, we performed traditional transformation

methods (protoplast, electroporetion, gene gun, and Agrobacterium) to find out new

protocol of transformation using mycelium and explants of fruiting body. However, it was

not easy to establish optimized condition for transformation. Accordingly, we carried out to

obtain transformants using Agrobacterium mediated methods through trial and error.

B. Construction of cDNA library of Pleurotus eryngii

From tissue of Pleurotus eryngii, total RNA was extracted, followed by poly(A+) RNA

isolation as described in Molecular Cloning protocol (Green and Sambrook, 2012) using

oligo(dT) cellulose, and cDNA library (~ 1 x 108 pfu/ul) was constructed using ZAPλ

cDNA synthesis kit (Stratagene, La Jolla, CA). The library was used as gene source and

PCR template to screen some genes encoding proteins confirmed by primordium analysis.

C. Construction of genomic DNA library of Pleurotus eryngii

The genomic library (0.5 x 106 pfu/ul) was constructed from genomic DNA of Pleurotus

eryngii using FixII kit (Stratagene, La Jolla, CA). The library was used as gene source and

PCR template to screen genomic DNA encoding proteins confirmed by primordium analysis.

D. Isolation of gene encoding protein (laccase) in exudate of primordium and DNA sequencing

Primordium proteins of Pleurotus eryngii were analyzed using SDS-PAGE and 2-D, and

major proteins were characterized by CAF-MALDI sequencing. As a result, partial sequence



(LPANKLIEVSIPGAHPFHL HGHTFDIVRVSNSD) of the protein was characterized and it

was turned out to be laccase protein by BLAST search. Through retrieval of other reference

for laccase DNA sequence, laccase promoter (330 bp) and signal sequence (69 bp) were

obtained to construct secretion vector by PCR using genomic DNA library as template.

E. Construction of secretion vector using plant vector

Preceding to main experiment, the pPEVpR1b vector was constructed using pPEV binary

vector (Clontech, USA) containing CaMV (Cauliflower Mosaic Virus) S35 promoter and

signal sequence (102 bp) of pathogenesis-related protein 1b. And then the gene of human

growth hormone was cloned to the pPEVpR1b vector, named pPEVpR1bhGH, and

transferred into mycelium of Pleurotus eryngii using Agrobacterium-mediated transformation.

Finally, transformant harboring the pPEVpR1bhGH was constructed and the expressed

protein was analyzed by PAGE and western blot. The clone was used as positive control

when next recombinant vectors is constructed because its fast growth appear to be an

indicator of efficient transformation.

F. Construction of expression/secretion vector with laccase promoter and signal sequence and

GFP expression

To investigate promoter strength and efficient signal sequence by using GFP gene as

reporter, 6 types of expression/secretion vectors (pCam35S, pCam35SLacS, pCam35SpR1b,

pCamLacP, pCamLacPS, pCamLacPpR1b vectors) were constructed with CaMV 35S

promoter (538 bp), laccase promoter (330 bp), pR1b (pathogen-related protein 1b) signal

sequence (102 bp), and laccase signal sequence (69 bp). Finally, as efficient vector system

by comparison of GFP strength and easiness of transformant selection, expression/secretion

vectors composed of laccase promoter, laccase signal sequence, pR1b signal sequence were

optimal for our purpose (pCamLacP, pCamLacPS, pCamLacPpR1b vector). By introduction

of 6 types useful genes (CSF, EGF, EPO, hGH, PLSP, SPB) into the above

expression/secretion vectors, respectively, 16 types of recombinant Pleurotus eryngii were

obtained

G. Gene expression cloned in pCamLacPS vector : laccase promoter and signal sequence

There were no expression in pCamLacPCSF, pCamLacPEGF, pCamLacPEPO,

pCamLacPhGH, pCamLacPPLSP3, and pCamLacPSPB constructed by cloning 6 types of

useful genes into pCamLacP vector. Among recombinant vectors as pCamLacPSCSF,

pCamLacPSEGF, pCamLacPSEPO, pCamLacPShGH, pCamLacPSPLSP3, and pCamLacPSSPB

constructed by cloning 6 types of useful genes into pCamLacPS vector, each protein (EGF,



hGH, PLSP) in pCamLacPSEGF, pCamLacPShGH, and pCamLacPSPLSP3 was not secreted

but expressed in mycelium of Pleurotus eryngii (approximately 3-7% of total

soluble proteins). The proteins were confirmed by antigen-antibody reaction, respectively.

H. Gene expression cloned in pCamLacPpR1b vector : laccase promoter and pR1b signal

sequence

Among recombinant vectors as pCamLacPpR1bCSF, pCamLacPpR1bEGF,

pCamLacPpR1bEPO, pCamLacPpR1bhGH, pCamLacPpR1bPLSP3, pCamLacPpR1bSPB

constructed by cloning 6 types of useful genes into pCamLacPpR1b vector, each protein

(EGF and hGH) in pCamLacPpR1bEGF and pCamLacPpR1bhGH was not secreted but

expressed in mycelium of Pleurotus eryngii (approximately 3-5% of total soluble proteins).

The proteins were confirmed by antigen-antibody reaction, respectively.

I. Changes of protein expression pattern by large culture

To study changes of expression pattern, mycelium weights (wet and dry), and expression

levels under different culturing times, fermentation was carried out using 20 L fermenter (10

L of working volume). As a result, transformant harboring pCamLacPShGH reached to

maximal growth at 8 days. When the mycelium was harvested, wet and dry weight were 38

g and 2.3 g, respectively. The protein expression was increased in proportional to culture

time and the expression level was 15% of total soluble proteins (~24 ug/g wet powder).

And also, the cloned gene (hGH) was stably maintained in transformant harboring

pCamLacPShGH. Transformant harboring pCamLacPSEGF reached to maximal growth at 14

days. When the mycelium was harvested, wet and dry weight were 45.7 g and 2.9 g,

respectively. The protein expression was increased in proportional to culture time and the

expression level was 5% of total soluble proteins. And also, the cloned gene (EGF) was

stably maintained in transformant harboring pCamLacPSEGF. Transformant harboring

pCamLacPSPLSP reached to maximal growth at 14 days. When the mycelium was

harvested, wet and dry weight were 35.5 g and 2.4 g, respectively. The protein expression

was increased in proportional to culture time and the expression level was 5% of total

soluble proteins. And also, the cloned gene (PLSP3) was stably maintained in transformant

harboring pCamLacPSPLSP. The clones in pCamLacPS vector showed slightly higher

expression than those of pCamLacPpR1b vector.

J. Phenotypic change of transformant harboring hGH gene

When the growth rates between control Pleurotus eryngii and recombinant Pleurotus

eryngii harboring pCamLacPShGH and pCamLacPpR1bhGH were compared, the recombinant



Pleurotus eryngii harboring hGH gene showed 6 times faster growth than that of the

control, interestingly. This result indicates that growth hormone originated from animal can

influence the activity on plant or mushroom and active protein can be synthesized in the

mycelium. However, when the fruiting body was induced by mycelium scratching, it showed

bonsai type of Pleurotus eryngii, suggesting that the hGH can affect profitably on the

increase of mycelium nutritional growth, while can give bad effect on sexual growth to

fruiting body.

K. Fruiting body analysis of transformants : Genomic DNA analysis

To confirm the interest genes in various fruiting bodys, genomic DNAs were extracted

from the body. Using gene-specific primer, the expected DNA fragments were amplified for

target genes by PCR and finally the correct sequences of the integrated genes were

confirmed by DNA sequencing. To verify next generation of the fruiting body, the spores

were isolated from each type of fruiting body, followed by serial culture of the mycelium,

and the fruting body was re-induced. It was finally confirmed that all fruiting bodies

contained stably 6 types of the genes, respectively.

L. Transcriptional analysis of the integrated genes in the transformants

To investigate transcriptional levels of the cloned genes in fruiting bodies of recombinant

Pleurotus eryngii, total RNAs were extracted from the fruiting bodies. Using gene-specific

and oligo(dT) primers, the expected DNA fragments were amplified for target RNAs by

RT-PCR and finally the correct sequences of the amplified fragments were

confirmed by DNA sequencing, indicating that all fruiting bodies can normally make

gene-specific RNA.

M. Translational analysis of transformants : Protein analysis

From fruiting bodies of various transformants (pCamLacPSEGF, pCamLacPShGH,

pCamLacPSPLSP3, pCamLacPpR1bEGF, and pCamLacPpR1bhGH), the proteins were

extracted and analyzed in SDS-PAGE and western blot. As a result, the specific protein

bands (8.8 kD EGF, 23 kD hGH, and 27 kD PLSP) were confirmed, showing that the

fruiting bodies expressed same specific proteins as in the mycelium. The fruiting bodies

containing other genes can make RNA at transcriptional level, but the proteins were not

synthesized, indicating that mRNA secondary structure present in 5’-end of mRNA might

affect importantly on the synthesis of proteins.



N. Prediction of mRNA secondary structure present in signal sequence and 5’-end of genes

To study effect of mRNA secondary structure on protein synthesis, it is analyzed using

mFOLD program (Zuker, 1989). In case of the genes cloned in pCamLacPS vector, laccase

signal sequence (69 bp) and DNA sequence (60 bp) in 5’-end of genes were analyzed,

while pR1b signal sequence (102 bp) and DNA sequence (60 bp) in 5’-end of genes were

analyzed for the genes cloned in pCamLacPpR1b vector. The overall expression trends were

proportional to the increase of G value to + direction as expression level is increased. InΔ

case of pCamLacPShGH showing high level expression of hGH, G value was predicted toΔ

be 13.07 Kcal/mole, which is higher value (to + direction) than those of other clones.

The pCamLacPSEGF (- 15.6 Kcal/mole) and pCamLacPSPLSP3 (- 17.7 Kcal/mole) which

expressed EGF and PLSP proteins showed similar trend as in pCamLacPShGH.

In pCamLacPpR1bhGH and pCamLacPpR1bEGF, G values were increased to + direction,Δ

compared with other clones. Accordingly, it is assumed that disruption of mRNA secondary

structure present in 5’-end of gene might be important factor for gene expression in

Pleurotus eryngii.

O. Measurement of cell viability in insulinoma cell (RINm5F)

To investigate antidiabetic effect and cell viability of insulinoma RINm5F cell by hGH and

EGF, the samples were prepared by large culture of transformants harboring

pCamLacPShGH and pCamLacPSEGF, followed by partially purification using metal

chelating method and treated in culture broth of RINm5F cell and STZ-treated RINm5F cell

to examine the effects. As a result, hGH and EGF increased cell viability to 5-20% and

antidiabetic effects were improved to 12% (hGH, at 5 ng/ml conc.) and 19% (EGF, at 1

ng/ml conc.), suggesting that by treatment of hGH and EGF in typeI diabetes (STZ-treated

cell), these materials can be candidates having protective and curing functions for cell

toxicity and cell death.

P. Biological activity of hGH : feed additive

(1) In vivo experiment of SD (Sprague Dawley) rat

Two types of feed additives (liquid and powder) were manufactured by mycelial culturing

of transformant harboring pCamLacPShGH (liquid type, p-hGH1 & 2 ; powder type, Myc1

& 2). The effects of mycelial extracts containing hGH on growth rate, plasma lipid levels,

alakaline phosphatase (ALP, BALP) activity, growth related factors (GH, IGF-1, GHRF) and

bone growth were investigated after 4 weeks of treatment. The growth rates of the treated

groups slightly increased approximately 3-5%, compared to that of the control group, but it



was not a dose-dependent effect and total cholesterol levels of the treated group decreased

by approximately 12-15% ; LDL-cholesterol levels (16-28% decrease), and total triglyceride

level (15-18% decrease), compared to the control group. The levels of ALP and BALP

increased largely to 15-31% and 29.7-47.5%, respectively, compared to the control group.

And also, levels of growth-related factors increased largely to 17-26% of IGF-1, 28-46%

of rat GH, and 26-42% of GHRF, respectively. In experiment of bone growth, tibial

growth plate increased slightly than the control group and serum BALP is considered to

be a good marker of bone formation. Conclusively, these results indicate that hGH

expressed in mushroom was biologically active and stimulated effectively rat growth.

(2) Field test in chicken broiler farm

From large mycelial culture of transformant harboring pCamLacPShGH, the mycelium was

harvested and lyzed. The hGH was partially purified by metal cheating method and the

concentration was determined to be approximately 600 ug/g of wet weight. Feed additive

was manufactured by mixing the hGH and wheat flour (1 ug hGH/g powder of wheat

flour) and administrated with a final concentration of 0.1% to main feed during 1 month.

Field test was carried out in chicken broiler farm located in Kimcheon (Gyeongbuk). Chicks

were randomly divided into two groups, control group (10,800 chicks) and treated group

(23,500 chicks). Before going to the market, total body weights (TBW) were weighed

(treated group, 36,363 kg ; control group, 15,280 kg). Average body weight (ABW) of

treated group is 1.59 kg, while that of control group is 1.45 kg. There was 9.6% of weight

gain effect in the treated group. Average daily gain (ADG) is 28.6% higher in the treated

group (54.82 g) than that of the control group (42.64 g). Feed efficiency (total feed

intake/total body weight) showed better effect in the treated group (1.56) than the control

group (1.77). And also, production index (PI) was largely increased in the treated group

(341.95) than that of the control group (235.16), indicating that addition of hGH (0.1%)

can stimulate all growth related factors. Accordingly, culturing period will be shortened

(4-5 advanced days to market), feed cost will be saved and farm income will increase by

treatment of new functional feed additive.

Q. Epidermal growth factor (EGF) : cosmetic ingredient

Measurement of cosmetic stability by EGF : it was confirmed that there were stabilities for

pH, viscosity, temperature, and UV

Safety experiment by patch test : it was confirmed that EGF did not give rise to dermatitis



R. Periserrula leucophyryna serine protease (PLSP3) : Semi-quantitative assay

To test protease activity of PLSP3 expressed in mycelium of Pleurotus eryngii, partial

purified PLSP was spotted on sterilized paper disc in protease assay plate (1% skim milk,

0.1% yeast extract, 1.5% agar) and incubated at 37 overnight. As a result, clear zone was

observed around paper disc, suggesting that PLSP was expressed as biological active protein

in the mycelium and it present industrial utilization of PLSP as fibrinolytic protease.

S. In this study, we are presenting that biological active proteins can be produced in

recombinant Pleurotus eryngii harboring various vectors, hGH with growth-stimulating effect,

EGF with cell viability promotion, and PLSP with fibrinolytic activity. Accordingly, we can

utilize Pleurotus eryngii to produce biological active proteins as factorial system, and this

expression system will be applicable for production of industrially useful, other proteins.

2. The 1st cooperative project : Breeding of new mushroom species enriched with biological

functionality

A. Total summary

In order to develop a high-valued Pleurotus eryngii cultivar, improvement of mycelium

culture condition, methods of practical transformation and selection, and induction of fruiting

body have been investigated. Supplementation of spent coffee ground (SCG) to the culture

media resulted in the increase of mycelium growth rate and biomass and enhancement of

flavonoid and phenol contents and antioxidative activity. Similar results were observed by

the supplementation of bamboo leaf and mistletoe extracts. Carrot extracts, instead of potato

extracts in the culture medium, greatly increased the mycelium growth rate. Addition of

metal ion during bottle culture resulted in the slightly different number of fruiting body

generation. In order to establish an efficient transformation method using Agrobacterium, a

brief mechanical wounding to the mycelia was determined to be prerequisite before

co-cultivation with the bacteria.

In order to produce pigmented P. eryngii, pigment-biosynthesis related genes including

myb, crtO and PAC (psy+crtl) were cloned and introduced into the mycelium to finally

obtain transgenic fruiting bodies. In most cases, transgenic P. eryngii was retarded in its

growth and deformed. No distinctive change in pigment development in the transgenic

mushroom suggested a further study of pigment biosynthesis system in P. eryngii in the

future.



P. eryngii mycelium was exploited as edible vaccines against hepatitis B virus and type I

diabetes. Hepatitis B virus surface antigen (HBsAg) and glutamic acid decarboxylase

(GAD1) were cloned, constructed as expression vectors, and introduced into the mycelium.

Oral administration of transgenic mycelia expressing HBsAg and GAD1 in mice resulted in

the significant induction of anti-HBsAg antibody in BALB/c mice and the suppression of

blood glucose level in NOD mice, respectively.

B. Detailed summary

(1) Acceleration of mycelium growth

Many bioactive compounds are still remained in spent coffee grounds (SCG), a coffee

waste. Supplementation of 1-7.5% SCG to the culture medium accelerated the mycelium

growth of P. eryngii and also other several mushroom species. In solid, liquid and bottle

cultivation, SCG was greatly effective for the improvement of growth and biomass, total

contents of flavonid and phenol, and DPPH scavenging activity. The effect of 0.1-2%

bamboo leaf or mistletoe extracts was very similar to that of SCG. Carrot extracts were

found to be an excellent substitute for potato extracts in the cultivation medium to

accelerate the mycelium growth of P. eryngii, P. ostreatus, Lentiniula edodes and Grifola

frondosa. Also, improvement of total protein and fiber contents was made by carrot

extract-based cultivation.

(2) Pigment biosynthesis in transgenic P. eryngii

Transcription factor myb from grape, Haematococcus pluvialis -C-4 oxygenase (β crtO) that

converts -carotene to canthaxanthin, and carotenoid-biosynthetic PAC containing pepperβ

phytoene synthase (psy) and Pantoea caroten desaturase (crtl) were cloned and introduced

into the expression vector. Mycelia transformants generated by Agrobacterium-mediated

method were confirmed by PCR and dot blot hybridization. Almost all of the transgenic

fruiting bodies showed smaller than the wild type in size, implying the results of T-DNA

insertion-mediated genetic mutagenesis. No change in the level of pigmentation was

monitored suggesting a further study to be needed for detailed understanding of the

metabolic system of pigment biosynthesis in P. eryngii. Extracellular polysaccharides from

some of the mycelia transformants showed a significant toxicity to SKOV-3 (ovarian cancer

cell line) in MTT assay. This indicated improvement of EPS function owing to T-DNA

insertional mutagenesis in P. eryngii.

(3) Evaluation of transgenic P. eryngii as an edible vaccine



In order to generate edible vaccine against hepatitis B virus, hepatitis B surface antigen

(HBsAg) was cloned and inserted into expression vector to obtain pCamHBsAg. Mycelium

was transformed by the Agrobacterium method and selected by hygromycin resistance.

Transgene integration was verified by PCR and dot blot hybridization. HBsAg protein

expression was measured by ELISA. Oral administration of the mycelium expressing HBsAg

in mice significantly increased anti-HBsAg antibody titer levels using a double prime-boost

strategy that combined parenteral and oral HBsAg boosters. It was evident that parenteral

priming led to a recall response induced by mycelium-derived HBsAg. Transgenic mycelium

was verified as an excellent immuno-booster effector in combination with a primer and

booster injection of the commercial vaccine.

Pancreatic glutamic acid decarboxylase (GAD67) is strongly associated with insulin-dependent

diabetes mellitus. GAD67 was cloned and introduced into the expression vector to construct

pCamGAD67. Mycelium was transformed by the Agrobacterium method and selected by

hygromycin resistance. Transgene integration was verified by PCR and dot blot

hybridization. GAD67 protein expression was confirmed by western blot and ELISA.

Notably, oral administration of the GAD67 mycelium to prediabetic NOD mice kept the

initial blood glucose levels almost constant for 15 weeks, and sufficiently prevented the

onset of diabetes. Optimized oral delivery of the mycelia expressing higher levels of

GAD67 antigen could eventually provide a convenient way to prevent type I diabetes.

. Research outcome and Its applicable plansⅤ

1. Research papers

Using direct and indirect results obtained from this research, the manuscripts were

submitted to domestic and international journals, published, and manuscripts are under

preparation

A. Domestic paper

(1) Choi, J. W., D. I, Shin, and H. S. Park. 2012. Enhancement of growth and

bioactivity of Pleurotus eryngii mycelia by spent coffee ground. Journal of

Agriculture & Life Science. 46(6), 157-163.

B. International paper

(1) Park, H. S. and J. W. Choi. 2014. Functional expression of bovine growth



hormone gene in Pleurotus eryngii. Biotechnology and Bioprocess Engineering.

17, 176-184. (SCIE, IF = 1.224)

2. Meeting and Poster presentation

(1) M. G. Lee, K. B. Koo and J. W. Choi. 2014. Functional expression of the

human growth hormone gene in mycelia of Pleurotus eryngii. Annual Meeting

of the Korean Society for Plant Biotechnology. “Genome to Phenome in Plants”.

Daegu, 2014. 10. 30. P1-47

3. Patents registration and application

A. Patent registration

(1) Composition of culture medium for mushroom mycelium comprising spent coffee ground

(Registration date 2014.11.10; Registration number 10-1462233)

B. Patent application

(1) A recombinant vector for transformation of Pleurotus eryngii and methods for

preparation of target protein using the same

(Application date 2013.10.16; Application number 10-2013-0123254)

(2) Production methods of foreign protein using secretion vecter in Pleurotus eryngii

(Application date 2013.10.16; Application number 10-2013-0123273)

(3) Secretion vector harboring laccase promoter of Pleurotus eryngii and methods for

preparation of target protein using the same

(Application date 2013.10.16; Application number 10-2013-0123293)

(4) Secretion Vector Harboring Laccase Promoter of Pleurotus eryngii and Methods for

Preparation of Epidermal Growth Factor Protein Using the Same

(Application date 2014.12.15; Application number 10-2014-0180050)

(5) Secretion Vector Harboring Laccase Promoter of Pleurotus eryngii and Methods for

Preparation of Human Growth Hormone Protein Using the Same

(Application date 2014.12.15; Application number 10-2014-0180054)

(6) Production Methods of Epidermal Growth Factor Protein using a Vector for transforming



Pleurotus eryngii)

(Application date 2014.12.15; Application number 10-2014-0180062)

(7) Production Methods of Human Growth Hormone Protein using a Vector for Transforming

Pleurotus eryngii

(Application date 2014.12.15; Application number 10-2014-0180064)

(8) Production Methods of Epidermal Growth Factor Protein Using Secretion Vector in

Pleurotus eryngii

(Application date 2014.12.15; Application number 10-2014-0180071)

(9) Production Methods of Human Growth Hormone Protein Using Secretion Vector in

Pleurotus eryngii

(Application date 2014.12.15; Application number 10-2014-0180078)

4. Applications

A. Technology transfer

(1) Participant : Greenfarm

(2) Technology :

Ⓐ Secretion Vector Harboring Laccase Promoter of Pleurotus eryngii and Methods for

Preparation of Epidermal Growth Factor Protein Using the Same

(Application date 2014.12.15; Application number 10-2014-0180050)

Ⓑ Secretion Vector Harboring Laccase Promoter of Pleurotus eryngii and Methods for

Preparation of Human Growth Hormone Protein Using the Same

(Application date 2014.12.15; Application number 10-2014-0180054)

(3) Technical transfer : Normal license (2 years)

(4) Royalties : Prepaid royalties (3,000,000 won) + Ordinary royalties (3% per total

sales/year)

B. Commericialization and Manufacturing prototype

(1) Commercialization : "In preparation"

(2) Prototype : Feed additive (liquid & solid types)
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Item
매 액 만( $) 연평균

(%)2004 2006 2008 2010

Erythropoietin 9,478 10,212 11,581 12,908 7.4

Insulin 5,207 6,436 7,360 8,050 8..0

Interferon alpha 2,714 3,715 4,573 5,518 13.0

Interferon beta 3,052 3,567 3,656 3,721 6.6

Growth hormone 1,902 2,043 2,110 2,122 2.5

Growth factor 243 349 428 502 17.8

Interleukin 242 256 251 245 3.2

Colony stimulating factor 2,739 3,205 3,486 3,877 6.6

Therapeutic vaccine 186 527 944 1,442 45.3

Blood clothing factor 3,406 3,813 4,133 4,323 5.9

Plasminogen activator 678 701 696 684 0.7

other 2,510 3,163 3,380 3,539 6.5

사 가
매 네릭

Insulins CSF GH EPO IFN PA

Bio-Technology
General US

Cangene Canada

Merck KGaA Europe

GeneMedix UK

IVAX US

LG Life Sciences Korea

Mirobix Bosystems Canada

SICOR US

Stada Israel

Donga Pharm Korea

주: CSF : colony stimulating factors, GH : growth hormones, IFN : interferons,

EPO : erythropoietins, PA : Plasminogen activators

( 료 보건산업진흥원 등 료 근거로 대우증권 리 치 터: Datamonitor, )
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Fig. 4. Effect of sucrose concentration in molasses on mycelial growth of Pleurotus eryngii.

Fig. 5. Effect of nitrogen source containing a concentration of 0.1% on the mycelial growth of

Pleurotus eryngii. (a) none, (b) yeast extract, (c), industrial yeast extract, (d) bacto peptone, (e) soy

bean meal, (f) protease peptone and (g) malt peptone.



Fig. 6. Effect of yeast extract concentration on mycelial growth of Pleurotus eryngii.



Fig. 7. Life cycle of Pleurotus eryngii (A) and Cultivation procedure of fruiting body formation(B)



Fig. 8. Procedure of fruiting body formation (A) and Its schematic pictures (B).



A. pBARGPE1 vector

B. pPEV vector

C. pCAMBIA1300 vector

Fig. 9. Representative maps of various vectors used in this study. (A) pBARGPE1 vector, (B)

pPEV vector, and (C) pCAMBIA1300 vector.



Fig. 10. Antibiotics resistance of P. eryngii mycelium after antibiotics treatment. (A) Control, (B) 50

ug/ml Ampicillin, (C) 50 ug/ Rifampicine, and (D) 100 ug/ml PPT.



Fig. 11. Reagents used for preparation of protoplast from mycelium of P. eryngii.



Fig. 12. Procedure for protoplast preparation of mycelium of P. eryngii.



Fig. 13. Formation of protoplast from mycelium of P. eryngii after treatment with lytic enzyme.

Mycelium before (A) and after (B) lytic digestion.

Fig. 14. Transformants of P. eryngii with pBARGPE1 using protoplast by REMI method (A) and

Transformants of P. eryngii on MCM plate containing 300 ug/ml of PPT (B).



Fig. 15. Regeneration of protoplasts from P. eryngii. Protoplasts of P. eryngii was incubated on MCM plates

without PPT (A) and pBARPAC transformed colonies of P. eryngii was incubated on selective MCM plates

containing 300 ug/ml PPT (B) at 25 for 10 day. Screening of the putative P. eryngii mycelium containing℃

the recombinant expression vector, pBARPAC. control (C) and (D) pBARPAC transformed colonies(D) of P.

eryngii was incubated on selective MCM plates containing 300 ug/ml PPT.



Fig. 16. Procedure of General Agrobacterium-mediated transformation with slightly modification.



Fig. 17. General Agrobacterium-mediated transformation and Hygromycin test.



Fig. 18. Agrobacterium-mediated transformation using aluminum oxide



A

no transformant
15-40% transformation

efficiency

0-3% transformation

efficiency

B

Fig. 19. Transformation efficiencies by different protocols using Agrobacterium (A) and Selection of

hygr mycelial transformants and identification of transgene by PCR using hyg-specific primers (B).

C, non-transformed. 1-7, transformed.
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Fig. 20. Isolation of total RNA from P. eryngii mycelium. Lane 1 : Size marker, Lane 2-9 :

Total RNAs of P. eryngii mycelium.
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Fig. 21. The synthesized 2nd-strand cDNAs (A) were fractionated (B) in agarose gel and quantified

using EtBr plate assay (C).



A

B

Fig. 22. Determination of insert DNA size. (A) Size distribution of insert DNAs introduced into

lambda Zap vector after plasmid excision. (B) Twenty plaques are randomly picked and insert DNA

are PCR amplified with T7 and T3 primer. PCR products were electrophoresed on a 1% TAE

agarose gel.



β

μ

Fig. 23. Isolation of genomic DNA from P. eryngii mycelium. Lane 1 : DNA size marker, Lane

2-11 : Genomic DNAs of P. eryngii.





Fig. 24. Size distribution of P. eryngii genomic DNAs introduced into Lambda FixII vector. Lane

M : DNA size marker, Lane 1-19 : Genomic DNAs of P. eryngii.



Fig. 25. Morphological change of primordium exudates and SDS-PAGE analysis.



Fig. 26. Primordium exudates at the early stage of fruiting body formation.



α

Fig. 27. SDS-PAGE Analysis of primordium exudates.



Table 21. Sequencing result using CAF-MALDI method

Name Protein sequence

Pe-1
1) PHSTVEKGLVAR

2) SSAVSNCDDNPMRSAPSWYA

Pe-2

1) PM*HYTTLPRVAR

2) AKNM*SKGPDTKSIR

3) AATTLLYRAAHCLM*M*PK

Pe-3

1) ALVWTNHNR

2) ATGTKHVSLAR

3) DIM*TVPDNNGTSIR

4) KDTLLM*TATALPLEDTR

5) KDM*HRCLWWLPEHR

Pe-4

1) M*VANAPGR

2) ANGPHGSGHIR

3) APFKM*EVKWGALR

4) PLGPM*LGDLTPPLDPR

5) ACAEDCLVEVLAM*PVVGTRPD

Pe-5

1) ASGGTVAGKSHHTTTTAP①

1) ASGGTVAGKSHHTTTIR②

2) AIAGKTEAGGSSPAM*GP①

1) ATM*TTMPPKTAVPR②

3) KVSACGLRPLKAEHPPK

4) APGWDDYRLKANHCLR

Pe-6

1) EM*MPNGAIHTR

2 )

LKVNVHRMHACGMMNSCGYSLCLHVP

MMKTTR

Pe-7

1) GLPPM*IGGGNDKIYTR

2) CAAETDVALPKRTGM*VALNLDAR

3) GLFNAPGR

4) DPALGAM*SAHR

Pe-8

1) DMDGWSPPYWAM*PELVAGF

2) TGGDTPTVYM*LLKLR

3) ARIYISAM*SNGM*PR

Pe-9

1) ANLVTYAKASSGAGPAHIPR

2) KVTLYPM*WSSRPPPR

3) WGMGTPR



Table 22. BLAST search results

spot

No.
Protein

Accession

No.
kDa pI

Coverage

(%)

Identifi

cation

Pe-1

predicted protein gi|170108314 18.04 9.17 6 No

hypothetical protein

SCHCODRAFT_113215
gi|300101210 72.22 5.62 1 No

hypothetical protein

SNOG_10822
gi|169615330 32.16 6.53 5 No

Pe-2

solid-state culture specific

protein
gi|70988577 51.62 6.14 3 No

hypothetical protein

AN8951.2
gi|67903928 39.06 9.39 3 No

hypothetical protein

AFUA_7G08370
gi|70986574 21.5 8.01 7 No

Pe-3

nonribosomal peptide

synthetase 6
gi|59896118 224.9 5.04 1 No

probable GTP-binding

protein
gi|18376285 41.33 8.68 3 No

oxidoreductase gi|226287674 46.28 5.88 4 No

Pe-4

hypothetical protein gi|50303931 94.75 9.57 1 No

conserved hypothetical

protein
gi|154273186 11.75 7.44 9 No

Pe-5

hypothetical protein

CaO19.8149
gi|68476987 86.26 7.05 1 No

predicted protein gi|154277960 33.22 4.76 5 No

predicted protein gi|242223056 137.2 5.41 1 No

Pe-6

metallophosphoesterase gi|170106788 54.4 6.40 3 No

hypothetical protein gi|50309927 156.24 8.58 1 No

hypothetical protein

NCU01337
gi|85102930 45.09 6.35 4 No

Pe-7

actin-binding protein

Fragmin, putative
gi|212543865 44.31 5.62 4 No

hypothetical protein

AN6880.2
gi|67541420 151.27 7.13 1 No

sec7 domain belongs to

guanine nucleotide exchange

factors

gi|17008530

3
142.70 8.52 1 No

Pe-8

conserved hypothetical

protein
gi|238508271 69.41 6.14 2 No

predicted protein gi|154300932 145.14 9.84 10 No

Pe-9

hypothetical protein

CIMG_00724
gi|119192694 75.01 7.67 6 No

hypothetical protein

SNOG_13932
gi|169621444 106.51 7.66 1 No

hypothetical protein

EBI_27177
gi|269861473 87.91 8.14 2 No



Fig. 28. Two dimensional electrophoresis of primordium exudates



Table 23. BLAST search result for different 2-D spots

spot

No.
Protein

Accession

No.
kDa pI

Coverage

(%)

Identifi
cation

PE1-1
hypothetical protein

PICST_81383
gi|149385655 72.00 4.76 9 No

PE3-1 She9/Mdm33 family protein gi|310799841 51.32 6.15 12 No

PE3-2 predicted protein gi|325091570 21.54 11.19 25 No

PE4-1
hypothetical protein

FG02040.1
gi|46110316 65.43 8.30 14 No

PE5-1 predicted protein gi|154293181 9.09 9.30 56 No

PE5-2
hypothetical protein

GLRG_03316
gi|310792711 29.54 5.71 22 No

PE5-3
hypothetical protein

PTT_10208
gi|311327139 56.85 8.88 14 No

PE6-1

STCV_EMENI Putative

sterigmatocystin biosynthesis

dehydrogenase stcV

gi|67901636 43.89 6.57 21 No

PE6-2
THO complex component

(Rlr1), putative
gi|238494442 267.17 6.95 7 No

PE6-3 predicted protein gi|149238217 58.78 5.88 17 No

PE8-1
hypothetical protein

MPER_09526
gi|238586184 18.08 4.54 28 No
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Fig. 29. Analysis of N-terminal amino acid sequence for PE5-2 spot using Edman degradation



Table 24. BLAST search result for amino acid sequence of PE 5-2 spot.

Fig. 30. SDS-PAGE analysis of primordium exudates collected from other batch of primordium.

Accession Description Scientific name
Query

coverage (%)

M.W

(kDa)

XP_002176209.1 predicted protein
Phaeodactylum tricornutum

CCAP 1055/1
70 79.85

XP_002176205.1 predicted protein
Phaeodactylum tricornutum

CCAP 1055/1
70 79.83

XP_001011880.2 hypothetical protein Tetrahymena thermophila 100 113.75

XP_001210832.1 conserved hypothetical protein Aspergillus terreus NIH2624 90 71.45

XP_003042300.1
hypothetical protein

NECHADRAFT_51752

Nectria haematococca mpVI

77-13-4
90 57.29

EGO23916.1
hypothetical protein

SERLADRAFT_439227

Serpula lacrymans var.

lacrymans S7.9
90 55.31

EGN98356.1
hypothetical protein

SERLA73DRAFT_56314

Serpula lacrymans var.

lacrymans S7.3
90 53.08



Table 25. Sequencing results of 3 protein bands using CAF-MALDI method

Name Protein sequence

No. 1
1) WTNTRTGPLTALIANHLAWLRLPSNS

2) VDGLRIVDGSILPFAPNAHTQGPIYLVGERGADLI

No. 2 1) LPANKLIEVSIPGAGAHPFHLHGHTFDIVRVSNSD

No. 3

1) S*T*AAG*T*TFTFGGTR

2) S*TGAAAG*TFTGGTR

3) *VSCFAV*PVAEQTYE*F*ADAR

4) VSCFAVXPVAEQTYEQFXADAR

Table 26. BLAST search results of 2 different protein bands

spot

No.
Protein

Accession

No.
kDa pI

No.1

aryl-alcohol oxidase precursor

[Pleurotus eryngii]
gi|3851524 63.71 4.8

aryl-alcohol oxidase precursor

[Pleurotus pulmonarius]
gi|6906855 63.64 4.8

B Chain B, Crystal Structure Of

Aryl-Alcohol-Oxidase From Pleurotus Eryingii
gi|262367890 60.93 4.7

aryl-alcohol oxidase [Pleurotus eryngii] gi|289655795 63.62 4.8

aryl-alcohol oxidase precursor

[Pleurotus pulmonarius]
gi|6906855 63.64 4.8

aryl-alcohol oxidase [Pleurotus eryngii] gi|289655795 63.62 4.8

No. 2

laccase 6 [Pleurotus pulmonarius] gi|61224796 57.4 5.7

laccase [Pleurotus ostreatus] gi|15594026 57.39 5.7

laccase 3 [Pleurotus sajor-caju] gi|32399645 57.51 5.6

laccase 2 [Pleurotus sapidus] gi|67508841 57.43 5.5



Fig. 31. Alignment of amino acid sequences between various laccase proteins and pel-x. pel_zjw_nt

(GU480806.1): Pleurotus eryngii laccase mRNA, complete CDs ; pel_1_zhang (GU953215.1):

Pleurotus eryngii laccase genomic DNA ; pel_3_3460_nt (AY686700.1): Pleurotus eryngii laccase

precursor (pel3) gene ; pel_4_1602_nt (DQ234990.1): Pleurotus eryngii laccase precursor (pel4)

mRNA





Fig. 32. Nucleotide and amino acid sequences of laccase mRNA from Pleurotus eryngii (pel_zjw_nt

and pel_3_3460_nt).



아 원 비물 단 질에 한 보.

A B

Fig. 33. Amplification of Laccase partial genes containing laccase promoter and signal sequence

using specific primer set. (A) Laccase promoter and laccase signal sequence (B) Laccase signal

sequence.



A

B

Fig. 34. Sequencing analysis of PCR-amplified laccase promoter and signal sequence region. (A)

Laccase promoter and signal sequence, (B) Signal sequence. Red color indicates sequences

confirmed by DNA sequencing.



Fig. 35. Construction of pPEVpR1b secretion vector containing CaMV S35 promoter and signal

sequence of pathogenesis-related protein 1b.
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B

Fig. 36. Cloning strategy for the construction of recombinant pPEVpR1bhGH vector (B) and

nuclotide sequence of human growth hormone gene (A)



Fig. 37. Confirmation of DNA sequences of pR1b signal and human growth hormone gene cloned

into pPEVpR1bhGH vector



Fig. 38. Protocol for extraction of genomic DNA from Fungi.

Fig. 39. PCR screening of the hGH gene from mycelium of P. eryngii containing pPEVpR1bhGH

vector. Genomic DNA of transformants (A) and the hGH gene were confirmed by PCR

amplification using hGH-specific primer set (B).
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Fig. 40. Expression of the hGH from P. eryngii mycelia harboring pPEVpR1bhGH vector in flask.

The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody. (A) SDS-PAGE. (B) Western blot analysis.

Fig. 41. Construction strategy of various secretion vectors.





Fig. 42. Construction strategy of pBARGPE1LacPS secretion vector.

Fig. 43. Amplification of laccase promoter and signal sequence region and Its cloning in pGEM-T

vector.



Fig. 44. Construction of fungal secretion vector containing laccase promoter and signal sequence,

pBARGPE1LacPS.



Fig. 45. Construction of fungal secretion vector containing gpdA promoter and signal sequence,

pBARGPE1LacS.



Fig. 46. pCAMBIA1302 vector.



Fig. 47. Hygromycin resistance test of Pleurotus eryngii on MCM agar medium containing various

concentrations of hygromycin.
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Fig. 48. Cloning strategy for construction of pCam35S vector containing CaMV35S promoter.



Fig. 49. Agarose gel electrophoresis of putative clones and PCR amplification



Fig. 50. DNA sequence analysis of pCam35S vector.



Fig. 51. Introduction of the pCam35S vector into Agrobacterium tumefaciens LBA4404 and Its PCR

amplification.



Fig. 52. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing pCam35S

vector and Selection of transformants by PCR



Fig. 53. GFP analysis for mycelia of trasngenic Pleurotus eryngii containing pCam35S vector.



Fig. 54. Cloning strategy for construction of pCam35SpR1b vector containing CaMV35S promoter

and pR1b signal sequence.



Fig. 55. Agarose gel electrophoresis of putative clones and PCR amplification



Fig. 56. DNA sequence analysis of pCam35SpR1b vector



Fig. 57. Introduction of the pCam35SpR1b vector into Agrobacterium tumefaciens LBA4404 and Its

PCR amplification.



Fig. 58. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing pCam35SpR1b

vector and Selection of transformants by PCR.



Fig. 59. GFP analysis for mycelia of transgenic Pleurotus eryngii containing pCam35SpR1b vector.



Fig. 60. Cloning strategy for construction of pCam35SLacS vector containing CaMV35S promoter

and laccase signal sequence.



Fig. 61. Agarose gel electrophoresis of putative clones and PCR amplification.



Fig. 62. DNA sequence analysis of pCam35SLacS vector



Fig. 63. Introduction of the pCam35SLacS vector into Agrobacterium tumefaciens LBA4404 and Its

PCR amplification.



Fig. 64. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing pCam35SLacS

vector and Selection of transformants by PCR.



Fig. 65. GFP analysis for mycelia of transgenic Pleurotus eryngii containing pCam35SLacS vector.



Fig. 66. Cloning strategy for construction of pCamLacP vector containing laccase promoter.



Fig. 67. Agarose gel electrophoresis of putative clones and PCR amplification.



Fig. 68. DNA sequence analysis of pCamLacP vector.



Fig. 69. Introduction of the pCamLacP vector into Agrobacterium tumefaciens LBA4404 and Its

PCR amplification.



Fig. 70. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing pCamLacP

vector and Selection of transformants by PCR.



Fig. 71. GFP analysis for mycelia of transgenic Pleurotus eryngii containing pCamLacP vector.



Fig. 72. Cloning strategy for construction of pCamLacPpR1b vector containing laccase promoter.



Fig. 73. Agarose gel electrophoresis of putative clones and PCR amplification



Fig. 74. DNA sequence analysis of pCamLacPpR1b vector.



Fig. 75. Introduction of the pCamLacPpR1b vector into Agrobacterium tumefaciens LBA4404 and Its

PCR amplification.



Fig. 76. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1b vector and Selection of transformants by PCR



Fig. 77. GFP analysis for mycelia of transgenic Pleurotus eryngii containing pCamLacPpR1b vector.



Fig. 78. Cloning strategy for construction of pCamLacPS vector containing laccase promoter and

signal sequence.



Fig. 79. Agarose gel electrophoresis of putative clones and PCR amplification.



Fig. 80. DNA sequence analysis of pCamLacPS vector.



Fig. 81. Introduction of the pCamLacPS vector into Agrobacterium tumefaciens LBA4404 and Its

PCR amplification.



Fig. 82. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing pCamLacPS

vector and Selection of transformants by PCR.



Fig. 83. GFP analysis for mycelia of transgenic Pleurotus eryngii containing pCamLacPS vector.



Fig. 84. Cloning strategy of foreign genes into pCamLacP containing laccase promoter.



Fig. 85. Cloning strategy of foreign genes into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 86. Cloning strategy of foreign genes into pCamLacPS containing laccase promoter and pR1b

signal sequence.

















Fig. 87. Cloning strategy of hGH gene into pCamLacP containing Laccase promoterCloning strategy of hGH gene into pCamLacP containing Laccase promoter



Fig. 88. Cloning of the hGH gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 89. DNA sequence analysis of pCamLacPhGH vector



Fig. 90. Introduction of the pCamLacPhGH into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 91. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPhGH vector and Selection of transformants by antibiotic.



Fig. 92. PCR analysis of hGH gene in mycelial transformant (pCamLacPhGH). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 93. Expression of the hGH from P. eryngii mycelia harboring pCamLacPhGH vector in flask.

The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 94. Cloning strategy of PLSP3 gene into pCamLacP containing Laccase promoter



Fig. 95. Cloning of the PLSP3 gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 96. DNA sequence analysis of pCamLacPPLSP3 vector.



Fig. 97. Introduction of the pCamLacPPLSP3 into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 98. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPPLSP3 vector and Selection of transformants by antibiotic.



Fig. 99. PCR analysis of PLSP3 gene in mycelial transformant (pCamLacPPLSP3). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 100. Expression of the PLSP3 from P. eryngii mycelia harboring pCamLacPPLSP3 vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 101. Cloning strategy of CSF gene into pCamLacP containing Laccase promoter



Fig. 102. Cloning of the CSF gene into pCamLacP vector (A)Cloning of the CSF gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 103. DNA sequence analysis of pCamLacPCSF vector.



Fig. 104. Introduction of the pCamLacPCSF into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 105. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPCSF vector and Selection of transformants by antibiotic.



Fig. 106. PCR analysis of CSF gene in mycelial transformant (pCamLacPCSF). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 107. Expression of the CSF from P. eryngii mycelia harboring pCamLacPCSF vector in flask.

The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.
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Fig. 108. Cloning strategy of SPB gene into pCamLacP containing Laccase promoter



Fig. 109. Cloning of the SPB gene into pCamLacP vector (A)Cloning of the SPB gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 110. DNA sequence analysis of pCamLacPSPB vector



Fig. 111. Introduction of the pCamLacPSPB into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 112. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSPB vector and Selection of transformants by antibiotic.



Fig. 113. PCR analysis of SPB gene in mycelial transformant (pCamLacPSPB). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 114. Expression of the SPB from P. eryngii mycelia harboring pCamLacPSPB vector in flask.

The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 115. Cloning strategy of EGF gene into pCamLacP containing Laccase promoterCloning strategy of EGF gene into pCamLacP containing Laccase promoter



Fig. 116. Cloning of the EGF gene into pCamLacP vector (A)Cloning of the EGF gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 117. DNA sequence analysis of pCamLacPEGF vector



Fig. 118. Introduction of the pCamLacPEGF into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 119. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPEGF vector and Selection of transformants by antibiotic



Fig. 120. PCR analysis of EGF gene in mycelial transformant (pCamLacPEGF). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 121. Expression of the EGF from P. eryngii mycelia harboring pCamLacPEGF vector in flask.

The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody. (A) SDS-PAGE. (B) Western blot analysis.
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Fig. 122. Cloning strategy of EPO gene into pCamLacP containing Laccase promoterCloning strategy of EPO gene into pCamLacP containing Laccase promoter



Fig. 123. Cloning of the EPO gene into pCamLacP vector (A)Cloning of the EPO gene into pCamLacP vector (A) and Its PCR amplification (B).

Fig. 124. DNA sequence analysis of pCamLacPEPO vector



Fig. 125. Introduction of the pCamLacPEPO into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 126. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPEPO vector and Selection of transformants by antibiotic



Fig. 127. PCR analysis of EPO gene in mycelial transformant (pCamLacPEPO). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 128. Expression of the EPO from P. eryngii mycelia harboring pCamLacPEPO vector in flask.

The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β





Fig. 130. Cloning of the hGH gene into pCamLacPS vector (A)Cloning of the hGH gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 131. DNA sequence analysis of pCamLacPShGH vector



Fig. 132. Introduction of the pCamLacPShGH into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 133. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPShGH vector and Selection of transformants by antibiotic



Fig. 134. PCR analysis of hGH gene in mycelial transformant (pCamLacPShGH). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR。

β



Fig. 135. Expression of the hGH from P. eryngii mycelia harboring pCamLacPShGH vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.



Fig. 136. Comparison of mycelial growth rates between the recombinant pCamLacPShGH and

control P. eryngii.



Fig. 137. Expression of the hGH from P. eryngii mycelia harboring pCamLacPShGH-1 vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.



β



Fig. 138. Cloning strategy of PLSP3 gene into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 139. Cloning of the PLSP3 gene into pCamLacPS vector (A)Cloning of the PLSP3 gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 140. DNA sequence analysis of pCamLacPSPLSP3 vector



Fig. 141. Introduction of the pCamLacPSPLSP3 into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 142. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSPLSP3 vector and Selection of transformants by antibiotic.



Fig. 143. PCR analysis of PLSP3 gene in mycelial transformant (pCamLacPSPLSP3). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 144. Expression of the PLSP3 from P. eryngii mycelia harboring pCamLacPSPLSP3 vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 145. Time profile of mycelia production in 10 L airlift type fermenter. (A) (A) Dry weight

and wet weight. (B) Expression of the PLSP3 from P. eryngii mycelia harboring pCamLacPSPLSP3

vector in 10 L fermenter. The proteins were analyzed by SDS-PAGE and Western blot.



β



Fig. 146. Cloning strategy of CSFCSF gene into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 141. Cloning of the CSF gene into pCamLacPS vector (A)Cloning of the CSF gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 148. DNA sequence analysis of pCamLacPSCSF vector.



Fig. 149. Introduction of the pCamLacPSCSF into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 150. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSCSF vector and Selection of transformants by antibiotic



Fig. 151. PCR analysis of CSF gene in mycelial transformant (pCamLacPSCSF). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 152. Expression of the CSF from P. eryngii mycelia harboring pCamLacPSCSF vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 153. Cloning strategy of SPB gene into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 154. Cloning of the SPB gene into pCamLacPS vector (A)Cloning of the SPB gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 155. DNA sequence analysis of pCamLacPSSPB vector



Fig. 156. Introduction of the pCamLacPSSPB into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 157. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSSPB vector and Selection of transformants by antibiotic



Fig. 158. PCR analysis of SPB gene in mycelial transformant (pCamLacPSSPB). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 159. Expression of the SPB from P. eryngii mycelia harboring pCamLacPSSPB vector in flask.

The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 160. Cloning strategy of EGFEGF gene into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 161. Cloning of the EGF gene into pCamLacPS vector (A)Cloning of the EGF gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 162. DNA sequence analysis of pCamLacPSEGF vector



Fig. 163. Introduction of the pCamLacPSEGF into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 164. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSEGF vector and Selection of transformants by antibiotic



Fig. 165. PCR analysis of EGF gene in mycelial transformant (pCamLacPSEGF). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 166. Expression of the EGF from P. eryngii mycelia harboring pCamLacPSEGF vector in

flask. The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 167. Time profile of mycelia production in 10 L airlift type fermenter. (A) Dry weight and

wet weight. (B) Expression of the EGF from P. eryngii mycelia harboring pCamLacPSEGF vector

in 10 L fermenter. The proteins were analyzed by SDS-PAGE and Western blot.



β



Fig. 168. Cloning strategy of EPO gene into pCamLacPS containing laccase promoter andCloning strategy of EPO gene into pCamLacPS containing laccase promoter and laccase

signal sequence.



Fig. 169. Cloning of the EPO gene into pCamLacPS vector (A)Cloning of the EPO gene into pCamLacPS vector (A) and Its PCR amplification (B).

Fig. 170. DNA sequence analysis of pCamLacPSEPO vector.



Fig. 171. Introduction of the pCamLacPSEPO into Agrobacterium tumefaciens LBA4404 (A) and Its

PCR amplification (B).



Fig. 172. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPSEPO vector and Selection of transformants by antibiotic



Fig. 173. PCR analysis of EPO gene in mycelial transformant (pCamLacPSEPO). (A) Isolation of

genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 174. Expression of the EPO from P. eryngii mycelia harboring pCamLacPSEPO vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 175. Cloning strategy of hGH gene into pCamLacPpR1b containing laccase promoter and

laccase signal sequence.



Fig. 176. Cloning of the hGH gene into pCamLacPpR1b vector (A)Cloning of the hGH gene into pCamLacPpR1b vector (A) and Its PCR amplification (B).

Fig. 177. DNA sequence analysis of pCamLacPpR1bhGH vector



Fig. 178. Introduction of the pCamLacPpR1bhGH into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 179. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bhGH vector and Selection of transformants by antibiotic



Fig. 180. PCR analysis of hGH gene in mycelial transformant (pCamLacPpR1bhGH). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR

β



Fig. 181. Expression of the hGH from P. eryngii mycelia harboring pCamLacPpR1bhGH vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody.



Fig. 182. Comparison of mycelial growth rates between the recombinant pCamLacPpR1bhGH and

control P. eryngii.



Fig. 183. Time profile of mycelia production in 10 L airlift type fermenter. (A) (A) Dry weight

and wet weight. (B) Expression of the hGH from P. eryngii mycelia harboring pCamLacPpR1bhGH

vector in 10 L fermenter. The proteins were analyzed by SDS-PAGE and Western blot.



β



Fig. 184. Cloning strategy of PLSP3 gene into pCamLacPpR1b containing laccase promoter and

pR1b signal sequence.



Fig. 185. Cloning of the PLSP3 gene into pCamLacPpR1b vector (A)Cloning of the PLSP3 gene into pCamLacPpR1b vector (A) and Its PCR amplification

(B).

Fig. 186. DNA sequence analysis of pCamLacPpR1bPLSP3 vector



Fig. 187. Introduction of the pCamLacPpR1bPLSP3 into Agrobacterium tumefaciens LBA4404 (A)

and Its PCR amplification (B).



Fig. 188. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bPLSP3 vector and Selection of transformants by antibiotic



Fig. 189. PCR analysis of PLSP3 gene in mycelial transformant (pCamLacPpR1b PLSP3). (A)

Isolation of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 190. Expression of the PLSP3 from P. eryngii mycelia harboring pCamLacPpR1bPLSP3 vector

in flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with

polyclonal antibody. (A) SDS-PAGE. (B) Western blot analysis.

β



Fig. 191. Cloning strategy of CSFCSF gene into pCamLacPpR1b containing laccase promoter and

laccase signal sequence.



Fig. 192. Cloning of the CSF gene into pCamLacPpR1b vector (A)Cloning of the CSF gene into pCamLacPpR1b vector (A) and Its PCR amplification (B).

Fig. 193. DNA sequence analysis of pCamLacPpR1bCSF vector.



Fig. 194. Introduction of the pCamLacPpR1bCSF into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 195. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bCSF vector and Selection of transformants by antibiotic



Fig. 196. PCR analysis of CSF gene in mycelial transformant (pCamLacPpR1bCSF). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR.



Fig. 197. Expression of the CSF from P. eryngii mycelia harboring pCamLacPpR1bCSF vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody. (A) SDS-PAGE. (B) Western blot analysis.

β



Fig. 198. Cloning strategy of SPB gene into pCamLacPpR1b containing laccase promoter and

laccase signal sequence.



Fig. 199. Cloning of the SPB gene into pCamLacPCloning of the SPB gene into pCamLacPpR1b vector (A)vector (A) and Its PCR amplification (B).

Fig. 200. DNA sequence analysis of pCamLacPpR1bSPB vector



Fig. 201. Introduction of the pCamLacPpR1bSPB into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 202. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bSPB vector and Selection of transformants by antibiotic



Fig. 203. PCR analysis of SPB gene in mycelial transformant (pCamLacPpR1bSPB). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 204. Expression of the SPB from P. eryngii mycelia harboring pCamLacPpR1bSPB vector in

flask. The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody. (A) SDS-PAGE. (B) Western blot analysis.

β



Fig. 205. Cloning strategy of EGFEGF gene into pCamLacPpR1b containing laccase promoter and pR1b

signal sequence.



Fig. 206. Cloning of the EGF gene into pCamLacPCloning of the EGF gene into pCamLacPpR1b vector (A)vector (A) and Its PCR amplification (B).

Fig. 207. DNA sequence analysis of pCamLacPpR1bEGF vector



Fig. 208. Introduction of the pCamLacPpR1bEGF into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 209. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bEGF vector and Selection of transformants by antibiotic



Fig. 210. PCR analysis of EGF gene in mycelial transformant (pCamLacPpR1bEGF). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 211. Expression of the EGF from P. eryngii mycelia harboring pCamLacPpR1bEGF vector in

flask. The proteins were fractionated in 15% SDS-PAGE and Western blot analysed with polyclonal

antibody.

β



Fig. 212. Time profile of mycelia production in 10 L airlift type fermenter. (A) (A) Dry weight

and wet weight. (B) Expression of the EGF from P. eryngii mycelia harboring pCamLacPpR1bEGF

vector in 10 L fermenter. The proteins were analyzed by SDS-PAGE and Western blot.



β



Fig. 213. Cloning strategy of EPO gene into pCamLacPpR1b containing laccase promoter andCloning strategy of EPO gene into pCamLacPpR1b containing laccase promoter and

laccase signal sequence.



Fig. 214. Cloning of the EPO gene into pCamLacPCloning of the EPO gene into pCamLacPpR1b vector (A)vector (A) and Its PCR amplification (B).

Fig. 215. DNA sequence analysis of pCamLacPpR1bEPO vector.



Fig. 216. Introduction of the pCamLacPpR1bEPO into Agrobacterium tumefaciens LBA4404 (A) and

Its PCR amplification (B).



Fig. 217. Transformation of Pleurotus eryngii by Agrobacterium tumefaciens containing

pCamLacPpR1bEPO vector and Selection of transformants by antibiotic



Fig. 218. PCR analysis of EPO gene in mycelial transformant (pCamLacPpR1bEPO). (A) Isolation

of genomic DNA from P. eryngii mycelium and (B) Selection of transformants by PCR



Fig. 219. Expression of the EPO from P. eryngii mycelia harboring pCamLacPpR1bEPO vector in

flask. The proteins were fractionated in 12% SDS-PAGE and Western blot analysed with polyclonal

antibody. (A) SDS-PAGE. (B) Western blot analysis.

β





Fig. 220. PCR screening of the hGH gene from fruiting bodies of P. eryngii containing

pCamLacPhGH vector. Genomic DNA of transformants (A) and the hGH gene were confirmed by

PCR amplification using hGH-specific primer set (B)



Fig. 221. PCR screening of the hGH gene from fruiting bodies of P. eryngii containing

pCamLacPShGH vector. Genomic DNA of transformants (A) and the hGH gene were confirmed by

PCR amplification using hGH-specific primer set (B).



Fig. 222. PCR screening of the hGH gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bhGH vector. Genomic DNA of transformants (A) and the hGH gene were confirmed

by PCR amplification using hGH-specific primer set (B).



Fig. 223. PCR screening of the PLSP3 gene from fruiting bodies of P. eryngii containing

pCamLacPPLSP3 vector. Genomic DNA of transformants (A) and the PLSP3 gene were confirmed

by PCR amplification using PLSP3-specific primer set (B).



Fig. 224. PCR screening of the PLSP3 gene from fruiting bodies of P. eryngii containing

pCamLacPSPLSP3 vector. Genomic DNA of transformants (A) and the PLSP3 gene were confirmed

by PCR amplification using PLSP3-specific primer set (B).





Fig. 226. PCR screening of the CSF gene from fruiting bodies of P. eryngii containing

pCamLacPCSF vector. Genomic DNA of transformants (A) and the CSF gene were confirmed by

PCR amplification using CSF-specific primer set (B).



Fig. 227. PCR screening of the CSF gene from fruiting bodies of P. eryngii containing

pCamLacPSCSF vector. Genomic DNA of transformants (A) and the CSF gene were confirmed by

PCR amplification using CSF-specific primer set (B).



Fig. 228. PCR screening of the CSF gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bCSF vector. Genomic DNA of transformants (A) and the CSF gene were confirmed

by PCR amplification using CSF-specific primer set (B).



Fig. 229. PCR screening of the SPB gene from fruiting bodies of P. eryngii containing

pCamLacPSPB vector. Genomic DNA of transformants (A) and the SPB gene were confirmed by

PCR amplification using SPB-specific primer set (B).



Fig. 230. PCR screening of the SPB gene from fruiting bodies of P. eryngii containing

pCamLacPSSPB vector. Genomic DNA of transformants (A) and the SPB gene were confirmed by

PCR amplification using SPB-specific primer set (B).



Fig. 231. PCR screening of the SPB gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bSPB vector. Genomic DNA of transformants (A) and the SPB gene were confirmed

by PCR amplification using SPB-specific primer set (B).



Fig. 232. PCR screening of the EGF gene from fruiting bodies of P. eryngii containing

pCamLacPEGF vector. Genomic DNA of transformants (A) and the EGF gene were confirmed by

PCR amplification using EGF-specific primer set (B).



Fig. 233. PCR screening of the EGF gene from fruiting bodies of P. eryngii containing

pCamLacPSEGF vector. Genomic DNA of transformants (A) and the EGF gene were confirmed by

PCR amplification using EGF-specific primer set (B).



Fig. 234. PCR screening of the EGF gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bEGF vector. Genomic DNA of transformants (A) and the EGF gene were confirmed

by PCR amplification using EGF-specific primer set (B).



Fig. 235. PCR screening of the EPO gene from fruiting bodies of P. eryngii containing

pCamLacPEPO vector. Genomic DNA of transformants (A) and the EPO gene were confirmed by

PCR amplification using EPO-specific primer set (B).



Fig. 236. PCR screening of the EPO gene from fruiting bodies of P. eryngii containing

pCamLacPSEPO vector. Genomic DNA of transformants (A) and the EPO gene were confirmed by

PCR amplification using EPO-specific primer set (B).



Fig. 237. PCR screening of the EPO gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bEPO vector. Genomic DNA of transformants (A) and the EPO gene were confirmed

by PCR amplification using EPO-specific primer set (B).



Fruiting bodies



Fig. 238. Analysis of the hGH gene from fruiting bodies of P. eryngii containing pCamLacPhGH

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 239. Analysis of the hGH gene from fruiting bodies of P. eryngii containing pCamLacPShGH

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 240. Analysis of the hGH gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bhGH vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression

by RT-PCR (B).



Fig. 241. Analysis of the PLSP3 gene from fruiting bodies of P. eryngii containing

pCamLacPPLSP3 vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 242. Analysis of the PLSP3 gene from fruiting bodies of P. eryngii containing

pCamLacPSPLSP3 vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 243. Analysis of the PLSP3 gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bPLSP3 vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression

by RT-PCR (B).



Fig. 244. Analysis of the CSF gene from fruiting bodies of P. eryngii containing pCamLacPCSF

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 245. Analysis of the CSF gene from fruiting bodies of P. eryngii containing pCamLacPSCSF

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 246. Analysis of the CSF gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bCSF vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 247. Analysis of the SPB gene from fruiting bodies of P. eryngii containing pCamLacPSPB

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 248. Analysis of the SPB gene from fruiting bodies of P. eryngii containing pCamLacPSSPB

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 249. Analysis of the SPB gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bSPB vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 250. Analysis of the EGF gene from fruiting bodies of P. eryngii containing pCamLacPEGF

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 251. Analysis of the EGF gene from fruiting bodies of P. eryngii containing pCamLacPSEGF

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 252. Analysis of the EGF gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bEGF vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 252. Analysis of the EPO gene from fruiting bodies of P. eryngii containing pCamLacPEPO

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 253. Analysis of the EPO gene from fruiting bodies of P. eryngii containing pCamLacPSEPO

vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by RT-PCR (B).



Fig. 254. Analysis of the EPO gene from fruiting bodies of P. eryngii containing

pCamLacPpR1bEPO vector. Total RNA of fruiting bodies (A) and Analysis of mRNA expression by

RT-PCR (B).



Fig. 255. Expression of the hGH from fruiting bodies of P. eryngii mycelia harboring

pCamLacPShGH vector in flask. The proteins were fractionated in 12% SDS-PAGE and Western

blot analysed with polyclonal antibody. (A) SDS-PAGE. (B) Western blot analysis.

Fig. 256. Expression of the hGH from fruiting bodies of P. eryngii mycelia harboring

pCamLacPpR1bhGH vector in flask. The proteins were fractionated in 12% SDS-PAGE and Western

blot analysed with polyclonal antibody. (A) SDS-PAGE. (B) Western blot analysis.



Fig. 257. Expression of the PLSP3 from fruiting bodies of P. eryngii mycelia harboring

pCamLacPSPLSP3 vector in flask. The proteins were fractionated in 12% SDS-PAGE and Western

blot analysed with polyclonal antibody.



Fig. 258. Expression of the EGF from fruiting bodies of P. eryngii mycelia harboring

pCamLacPSEGF vector in flask. The proteins were fractionated in 15% SDS-PAGE and Western

blot analysed with polyclonal antibody.

Fig. 259. Expression of the EGF from fruiting bodies of P. eryngii mycelia harboring

pCamLacPpR1bEGF vector in flask. The proteins were fractionated in 15% SDS-PAGE and Western

blot analysed with polyclonal antibody.
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Fig. 260. mRNA secondary structure analysis
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Fig. 261. Effect of spent coffee ground (SCG) and instant coffee (IC) on the solid-stated mycelia

growth of P. eryngii.



Fig. 262. SCG-activated growth of P. eryngii mycelia in submerged culture. Havested cells (left)

and dried cell weight (right) after cultivation in PDB supplemented with different concentration of

SCG.





Fig. 263. Total polyphenol content (A) and total flavonoid content (B) of methanolic extracts from

P. eryngii mycelia cultivated for 8 days in PDB supplemented with SCG.

μ



Fig. 264. DPPH scavenging activity of methanolic extracts from P. eryngii mycelia cultivated

for 8 days in PDB supplemented with SCG.



Fig. 265. Mycelia growth in bottle cultivation for 10 days in different media.



Fig. 266. Mycelium growth in bottle cultivation for 20 days in different media.



Fig. 267. Growth of P. eryngii on PDA supplemented with different biosources.
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Table 27. Nutrional value of potato and carrot





Fig. 269. Cultivation of the mycelia of different mushroom species in carrot extract.





Fig. 271. Effect of metal ions on mushroom development.

태



Table 28. Nutritional analysis of mushroom cultivated in carrot extract containing medium





Fig. 272. The biosynthetic pathway leading to the biosynthesis of anthocyanidins. Anthocyanidin is

further modified with glycosyl, acyl or methyl groups, catalyzed by glucosyltransferases (GT),

acyltransferases (AT) and methyltransferases (MT). Enzymes and flavonoid classes are indicated by

blue and red letters, respectively. The typical colors of compounds are also shown, but the actual

color depends on various factors. CHS, chalcone synthase; THC2'GT,

UDPglucose:tetrahydroxychalcone 2'GT; CHI, chalcone isomerase; THC4¢GT,

UDP-glucose:tetrahydroxychalcone 4'GT; AS, aureusidin synthase; F3H, flavanone 3-hydroxylase.





Fig. 273. Carotenoid biosynthetic pathway DXPS, 1-deoxy-D-xylulose-5-phosphate synthase; DXR,

1-deoxy-D-xylulose-5-phosphate reductoisomerase; IPI, isopentenyl pyrophosphate isomerase; GGDP,

geranylgeranyl diphosphate synthase; PSY, phytoene synthase; PDS, phytoene desaturase; ZDS,

f-carotene desaturase; LCYB, lycopene b-cyclase; LCYE, lycopene-cyclase; CHYB, b-ring

hydroxylase; CHYE, b-ring hydroxylase; ZEP, zeaxanthin epoxidase; VDE, violaxanthin de-epoxidase;

CRTISO, carotenoid isomerase; NSY, neoxanthin synthase; NCED, 9-cis-epoxycarotenoid

dioxygenase.



β β

β β
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Table 29. Carotenoid metaboilc engineering in plants



Fig. 274. Biosynthetic pathway for betalain pigment DOPA formation is catalyzed by tyrosine

hydroxylase (enzyme I). Betalamic acid formation by DOPA 4,5-dioxygenase (DOD; enzyme II),

cDOPA formation by plant PPO or DOPA oxidase (enzyme III), conjugation of betalamic acid and

amino acid, amine or cDOPA by enzyme VIII, and modification with sugar molecules and aliphatic

or aromatic compounds by enzymes IV -VII.

β β



Fig. 275. Cloning of PAC into pPEV vector Gib: rice endosperm-specific globulin promoter. 3'

pinII: 3' region of the potto proteinase inhibitor II gene. Mar: 5'-matrix attachment region from the

chicken lysozyme gene. BR & BL: border region. 35S: CaMV35S promoter. BAR: bialaphos

resistance gene



M S V A L L W V V S P C D V S N G T G F 20

ATGTCTGTTGCCTTGTTATGGGTTGTTTCTCCTTGTGACGTCTCAAACGGGACAGGATTC 60

L V S V R E G N R I F D S S G R R N L A 40

TTGGTATCCGTTCGTGAGGGAAACCGGATTTTTGATTCGTCGGGGCGTAGGAATTTGGCG 120

C N E R I K R G G G K Q R W S F G S Y L 60

TGCAATGAGAGAATCAAGAGAGGAGGTGGAAAACAAAGGTGGAGTTTTGGTTCTTACTTG 180

G G A Q T G S G R K F S V R S A I V A T 80

GGAGGAGCACAAACTGGAAGTGGACGGAAATTTTCTGTACGTTCTGCTATCGTGGCTACT 240

P A G E M T M S S E R M V Y D V V L R Q 100

CCGGCTGGAGAAATGACGATGTCATCAGAACGGATGGTATATGATGTGGTTTTGAGGCAG 300

A A L V K R Q L R S T D E L D V K K D I 120

GCAGCCTTGGTGAAGAGACAGCTGAGATCGACCGATGAGTTAGATGTGAAGAAGGATATA 360

P I P G T L G L L S E A Y D R C S E V C 140



CCTATTCCGGGGACTTTGGGCTTGTTGAGTGAAGCATATGATAGGTGTAGTGAAGTATGT 420

A E Y A K T F Y L G T M L M T P E R R K 160

GCAGAGTACGCAAAGACGTTTTACTTAGGAACGATGCTAATGACTCCGGAGAGAAGAAAG 480

A I W A I Y V W C R R T D E L V D G P N 180

GCTATCTGGGCAATATACGTATGGTGCAGGAGAACAGACGAACTTGTTGATGGTCCGAAT 540

A S H I T P A A L D R W E D R L E D V F 200

GCATCACACATTACTCCGGCGGCCTTAGATAGGTGGGAAGACAGGCTAGAAGATGTTTTC 600

S G R P F D M L D A A L S D T V S K F P 220

AGTGGACGGCCATTTGACATGCTCGATGCTGCTTTGTCCGACACAGTTTCCAAATTTCCA 660

V D I Q P F R D M I E G M R M D L R K S 240

GTTGATATTCAGCCATTCAGAGATATGATTGAAGGAATGCGTATGGACTTGAGGAAGTCA 720

R Y R N F D E L Y L Y C Y Y V A G T V G 260

AGATACAGAAACTTTGACGAACTATACCTATATTGTTATTACGTTGCTGGTACGGTTGGG 780

L M S V P I M G I A P E S K A T T E S V 280

TTGATGAGTGTTCCAATTATGGGCATCGCACCTGAATCAAAGGCAACAACGGAGAGCGTA 840

Y N A A L A L G I A N Q L T N I L R D V 300

TATAATGCTGCTTTGGCTTTGGGGATCGCAAATCAGCTGACCAACATACTTAGAGATGTT 900

G E D A R R G R V Y L P Q D E L A Q A G 320

GGAGAAGATGCCAGAAGAGGAAGAGTCTATTTGCCTCAAGATGAATTAGCACAGGCAGGT 960

L S D E D I F A G R V T D K W R I F M K 340

CTATCCGACGAAGACATATTTGCTGGAAGAGTGACCGATAAATGGAGAATCTTCATGAAG 1020

K Q I Q R A R K F F D E A E K G V T E L 360

AAACAAATTCAGAGGGCAAGAAAGTTCTTTGACGAGGCAGAGAAAGGAGTGACCGAATTG 1080

S A A S R W P V L A S L L L Y R R I L D 380

AGCGCAGCTAGTAGATGGCCTGTGTTGGCATCTCTGCTGTTGTACCGCAGGATACTGGAC 1140

E I E A N D Y N N F T K R A Y V S K P K 400

GAGATCGAAGCCAATGACTACAACAACTTCACAAAGAGAGCTTATGTGAGCAAACCAAAG 1200

K L I A L P I A Y A K S L V P S T R T L 420

AAGTTGATTGCATTACCTATTGCATATGCAAAATCTCTTGTGCCTTCTACAAGAACActg 1260

Q L L N F D L L K L A G D V E S N D G P 440

cagCTCCTCAACTTCGACCTCCTCAAGCTCGCCGGCGACGTCGAGAGCAACGACGGcccg 1320

G M A P S V M A S S A T T V A P F Q G L 460

ggcATGGCCCCCTCCGTGATGGCGTCGTCGGCCACCACCGTCGCTCCCTTCCAGGGGCTC 1380

K S T A G M P V A R R S G N S S F G N V 480

AAGTCCACCGCCGGCATGCCCGTCGCCCGCCGCTCCGGCAACTCCAGCTTCGGCAACGTC 1440

S N G G R I R C M Q A M E P T T V I G A 500

AGCAATGGCGGCAGGATCAGGTGCATGCAGGccatggAACCAACTACGGTAATTGGTGCA 1500

G F G G L A L A I R L Q A A G I P V L L 520

GGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGGGGATCCCCGTCTTACTG 1560

L E Q R D K P G G R A Y V Y E D Q G F T 540

CTTGAACAACGTGATAAACCCGGCGGTCGGGCTTATGTCTACGAGGATCAGGGGTTTACC 1620

F D A G P T V I T D P S A I E E L F A L 560

TTTGATGCAGGCCCGACGGTTATCACCGATCCCAGTGCCATTGAAGAACTGTTTGCACTG 1680

A G K Q L K E Y V E L L P V T P F Y R L 580

GCAGGAAAACAGTTAAAAGAGTATGTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTG 1740

C W E S G K V F N Y D N D Q T R L E A Q 600

TGTTGGGAGTCAGGGAAGGTCTTTAATTACGATAACGATCAAACCCGGCTCGAAGCGCAG 1800

I Q Q F N P R D V E G Y R Q F L D Y S R 620

ATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGTCAGTTTCTGGACTATTCACGC 1860

A V F K E G Y L K L G T V P F L S F R D 640

GCGGTGTTTAAAGAAGGCTATCTAAAGCTCGGTACTGTCCCTTTTTTATCGTTCAGAGAC 1920

M L R A A P Q L A K L Q A W R S V Y S K 660

ATGCTTCGCGCCGCACCTCAACTGGCGAAACTGCAGGCATGGAGAAGCGTTTACAGTAAG 1980

V A S Y I E D E H L R Q A F S F H S L L 680



GTTGCCAGTTACATCGAAGATGAACATCTGCGCCAGGCGTTTTCTTTCCACTCGCTGTTG 2040

V G G N P F A T S S I Y T L I H A L E R 700

GTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTGATACACGCGCTGGAGCGT 2100

E W G V W F P R G G T G A L V Q G M I K 720

GAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTTCAGGGGATGATAAAG 2160

L F Q D L G G E V V L N A R V S H M E T 740

CTGTTTCAGGATCTGGGTGGCGAAGTCGTGTTAAACGCCAGAGTCAGCCATATGGAAACG 2220

T G N K I E A V H L E D G R R F L T Q A 760

ACAGGAAACAAGATTGAAGCCGTGCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCC 2280

V A S N A D V V H T Y R D L L S Q H P A 780

GTCGCGTCAAATGCAGATGTGGTTCATACCTATCGCGACCTGTTAAGCCAGCACCCTGCC 2340

A V K Q S N K L Q T K R M S N S L F V L 800

GCGGTTAAGCAGTCCAACAAACTGCAGACTAAGCGCATGAGTAACTCTCTGTTTGTGCTC 2400

Y F G L N H H H D Q L A H H T V C F G P 820

TATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCG 2460

R Y R E L I D E I F N H D G L A E D F S 840

CGTTACCGCGAGCTGATTGACGAAATTTTTAATCATGATGGCCTCGCAGAGGACTTCTCA 2520

L Y L H A P C V T D S S L A P E G C G S 860

CTTTATCTGCACGCGCCCTGTGTCACGGATTCGTCACTGGCGCCTGAAGGTTGCGGCAGT 2580

Y Y V L A P V P H L G T A N L D W T V E 880

TACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGAACCTCGACTGGACGGTTGAG 2640

G P K L R D R I F A Y L E Q H Y M P G L 900

GGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCTTA 2700

R S Q L V T H R M F T P F D F R D Q L N 920

CGGAGTCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAAT 2760

A Y H G S A F S V E P V L T Q S A W F R 940

GCCTATCATGGCTCAGCCTTTTCTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGG 2820

P H N R D K T I T N L Y L V G A G T H P 960

CCGCATAACCGCGATAAAACCATTACTAATCTCTACCTGGTCGGCGCAGGCACGCATCCC 2880

G A G I P G V I G S A K A T A G L M L E 980

GGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTTTGATGCTGGAG 2940

D L I * 983

GATCTGATTTGA 2952

β

β β

β



Fig. 278. Identification of crtO clone by restriction enzyme

AGTCTAGAGGATCCATCATGCAGCTAGCAGCGACAGTAATGTTGGAGCAGCTTACCGGAA 60

M Q L A A T V M L E Q L T G S

GCGCTGAGGCACTCAAGGAGAAGGAGAAGGAGGTTGCAGGCAGCTCTGACGTGTTGCGTA 120

A E A L K E K E K E V A G S S D V L R T

CATGGGCGACCCAGTACTCGCTTCCGTCAGAAGAGTCAGACGCGGCCCGCCCGGGACTGA 180

W A T Q Y S L P S E E S D A A R P G L K



AGAATGCCTACAAGCCACCACCTTCCGACACAAAGGGCATCACGATGGCGCTAGCTGTCA 240

N A Y K P P P S D T K G I T M A L A V I

TCGGCTCTTGGGCCGCAGTGTTCCTCCACGCCATTTTTCAAATCAAGCTTCCGACCTCCT 300

G S W A A V F L H A I F Q I K L P T S L

TGGACCAGCTGCACTGGCTGCCCGTGTCAGATGCCACAGCTCAGTTGGTTGGCGGTAGCA 360

D Q L H W L P V S D A T A Q L V G G S S

GCAGTCTGATGCACATCGTCGTCGTATTCTTTGTCCTGGAGTTCTTGTACACAGGCCTTT 420

S L M H I V V V F F V L E F L Y T G L F

TTATCACCACGCATGATGCTATGCATGGCACCATCGCCATGAGAAACAGGCAGCTGAATG 480

I T T H D A M H G T I A M R N R Q L N D

ACTTCTTGGGCAGAGTATGCATCTCCTTGTACGCCTGGTTTGATTACAACATGCTGCACC 540

F L G R V C I S L Y A W F D Y N M L H R

GCAAGCATTGGGAGCACCACAATCACACTGGTGAGGTGGGCAAGGACCCTGACTTCCACA 600

K H W E H H N H T G E V G K D P D F H R

GGGGAAACCCCGGCATTGTGCCCTGGTTTGCCAGCTTCATGTCCAGCTACATGTCGATGT 660

G N P G I V P W F A S F M S S Y M S M W

GGCAGTTTGCGCGCCTCGCATGGTGGACGGTGGTCTGCAGCTGCTGGGTGCGCCGATGGC 720

Q F A R L A W W T V V C S C W V R R W R

GAACCTGCTGGTGTTCATGGACGGCCGCGCCCATCCTGTCCGCCTTCCGCTTGTTCTACT 780

T C W C S W T A A P I L S A F R L F Y F

TTGGCACGTACATGCCCCACAAGCCTGAGCCTAGCGCTGCGTCAGGCTCCCCACCAATCG 840

G T Y M P H K P E P S A A S G S P P I V

TCATGAACTGGTGGAAGTCGCGCACTAGCCAGGCGTCCGACCTGGTCAGCTTTCTGACCT 900

M N W W K S R T S Q A S D L V S F L T C

GCTACCACTTCGACCTGCACTGGGAGCACCACCGCTGGCCCTTCGCCCCCTGGTGGGAGC 960

Y H F D L H W E H H R W P F A P W W E L

TGCCCAACTGCCGCCGTCTGTCTGGCCGAGGTCTGGTTCCTGCCTAGGAGCTCAA 1015

P N C R R L S G R G L V P A *

AGTCTAGAGGATCCATCATGCAGCTAGCAGCGACAGTAATGTTGGAGCAGCTTACCGGA

AGCGCTGAGGCACTCAAGGAGAAGGAGAAGGAGGTTGCAGGCAGCTCTGACGTGTTGCG

TACATGGGCGACCCAGTACTCGCTTCCGTCAGAAGAGTCAGACGCGGCCCGCCCGGGAC

TGAAGAATGCCTACAAGCCACCACCTTCCGACACAAAGGGCATCACGATGGCGCTAGCT

GTCATCGGCTCTTGGGCCGCAGTGTTCCTCCACGCCATTTTTCAAATCAAGCTTCCGAC

CTCCTTGGACCAGCTGCACTGGCTGCCCGTGTCAGATGCCACAGCTCAGTTGGTTGGCG

GTAGCAGCAGTCTGATGCACATCGTCGTCGTATTCTTTGTCCTGGAGTTCTTGTACACA

GGCCTTTTTATCACCACGCATGATGCTATGCATGGCACCATCGCCATGAGAAACAGGCA

GCTGAATGACTTCTTGGGCAGAGTATGCATCTCCTTGTACGCCTGGTTTGATTACAACA

TGCTGCACCGCAAGCATTGGGAGCACCACAATCACACTGGTGAGGTGGGCAAGGACCCT

GACTTCCACAGGGGAAACCCCGGCATTGTGCCCTGGTTTGCCAGCTTCATGTCCAGCTA

CATGTCGATGTGGCAGTTTGCGCGCCTCGCATGGTGGACGGTGGTCTGCAGCTGCTGGG

TGCGCCGATGGCGAACCTGCTGGTGTTCATGGACGGCCGCGCCCATCCTGTCCGCCTTC

CGCTTGTTCTACTTTGGCACGTACATGCCCCACAAGCCTGAGCCTAGCGCTGCGTCAGG

CTCCCCACCAATCGTCATGAACTGGTGGAAGTCGCGCACTAGCCAGGCGTCCGACCTGG

TCAGCTTTCTGACCTGCTACCACTTCGACCTGCACTGGGAGCACCACCGCTGGCCCTTC

GCCCCCTGGTGGGAGCTGCCCAACTGCCGCCGTCTGTCTGGCCGAGGTCTGGTTCCTGC

CTAGGAGCTCAA(1015bp)

MQLAATVMLEQLTGSAEALKEKEKEVAGSSDVLRTWATQYSLPSEESDAARPGLKNAYKP

PPSDTKGITMALAVIGSWAAVFLHAIFQIKLPTSLDQLHWLPVSDATAQLVGGSSSLMHI

VVVFFVLEFLYTGLFITTHDAMHGTIAMRNRQLNDFLGRVCISLYAWFDYNMLHRKHWEH

HNHTGEVGKDPDFHRGNPGIVPWFASFMSSYMSMWQFARLAWWTVVCSCWVRRWRTCWCS

WTAAPILSAFRLFYFGTYMPHKPEPSAASGSPPIVMNWWKSRTSQASDLVSFLTCYHFDL

HWEHHRWPFAPWWELPNCRRLSGRGLVPA*(329aa)



EcoRI

TCANCAGCTCCGGCCGCCAGGCGGCCGCGGGAATTCGATAGTCTAGAGGATCCATCATGC

AGCTAGCAGCGACAGTAATGTTGGAGCAGCTTACCGGAAGCGCTGAGGCACTCAAGGAGA

AGGAGAAGGAGGTTGCAGGCAGCTCTGACGTGTTGCGTACATGGGCGACCCAGTACTCGC

TTCCGTCAGAAGAGTCAGACGCGGCCCGCCCGGGACTGAAGAATGCCTACAAGCCACCAC

CTTCCGACACAAAGGGCATCACGATGGCGCTAGCTGTCATCGGCTCTTGGGCCGCAGTGT

TCCTCCACGCCATTTTTCAAATCAAGCTTCCGACCTCCTTGGACCAGCTGCACTGGCTGC

CCGTGTCAGATGCCACAGCTCAGTTGGTTGGCGGTAGCAGCAGTCTGATGCACATCGTCG

TCGTATTCTTTGTCCTGGAGTTCTTGTACACAGGCCTTTTTATCACCACGCATGATGCTA

TGCATGGCACCATCGCCATGAGAAACAGGCAGCTGAATGACTTCTTGGGCAGAGTATGCA

TCTCCTTGTACGCCTGGTTTGATTACAACATGCTGCACCGCAAGCATTGGGAGCACCACA

ATCACACTGGTGAGGTGGGCAAGGACCCTGACTTCCACAGGGGAAACCCCGGCATTGTGC

CCTGGTTTGCCAGCTTCATGTCCAGCTACATGTCGATGTGGCAGTTTGCGCGCCTCGCAT

GGTGGACGGTGGTCATGCAGCTGCTGGGTGCGCCGATGGCGAACCTGCTGGTGTTCATGG

CGGCCGCGCCCATCCTGTCCGCCTTCCGCTTGTTCTACTTTGGCACGTACATGCCCCACA

AGCCTGAGCCTAGCGCTGCGTCAGGCTCCCCACCAATCGTCATGAANCTGGGTGGAAAGT

CGCGCACTAACCCAGGCGTCCGACCTGGTCAGCTTTCTGACCTGCTACCACTTCNACCTG

CACTGGGANCACCACNGCTGGCCCTTCCCCCCCCGGGGGGGGANCTGNCCCAANTGGCNN

CCNTTTTTNTGGNCNAAGNN





Fig. 280. Restriction enzyme analysis of myb cDNA-containing plasmid

V-6 EcoR I

GCGNCCGCTCCGGCCGCCAGGCGGCCGCGGGAATTCGATTAGTCTAGAGGATCCATCATG

GAGAGCTTAGGAGTTAGATAGGGTGCATGAANCCAAGAAGAAGAGTTCCCNTCCCAGCAG

GNAATCNAAGAGAGAAATGGAGTATTAANTTGTGGGCTTNTTTTNCATTTTGCTGTNGGA

GTTTNTTTTTTTNTCTTGAGTTTTCAGGCTTGAACTGATGCGAAAAAGCCGCAAATTGAN

ATGGCNCANCCATTTGAAGCCAGATATCANGAGCGGAGAGTTTTCGTTANATGAGATTGA

TCTCATGATCCGGCTTCANAATTTATTAGGGAACAGGCATGTCATANTAACTCAAATACT

AGCTNGATAACCATATTTCTAATGATATGACTTTAATTCTGATTAGAAAAGCCTTCATGC

CGTGCTTGTACTTGATAGTTTTCATCTGTTGCATGCTCNGCTTGNANAGGTGGTCCTTGA

NTACGANTANACTTCCNNGGAGGACTGCNAANGATGTCAAGAATTAATGGCNTACTCACC

GCTCCAAAAAGATGGTTCACTTCCTGGACAGAGGGAAAGATAAAACCTAAACACATTCTA

AAACCAAAGTTTTAAAGCCTCANCCCTATAAGTTATCCAAACCCTCGCCAAGGTTTGAAC

TAAAAACTACAGCTGTGGATGCTTTTGACNCGCAAGTTAATACNTCTAGTAAACCATCNT

CCAGGTTACCACAACCAAATGATGATATTGCNTGGGTGGGAAAGCCNATTANTTGGGCNT

GCCCAAATGGATCAAGAAACTGACTTTTTGATTTGTAGTTCNGGAGGGGGAGCTTATCTC

CNGCCTCTGGGGCNNAANAAACTNCNACNCNAACAAAGGGGAACCNTGGGAGGGNNTGGG

GGGAACNANTCCNNGNCGNGGNNNGGGNNNTTTTCCCNNNNCNNNNNNGGGNNNCNNNN

NNNNNNNNCCCNCCNCNCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNCCCNNNNNNNNNNNNNNNNN



v-12 EcoR I

GCCGCCAGCTCCGGCCGCCAGGCGGCCGCGGGAATTCGATTAGTCTAGAGGATCCATCAT

GGAGAGCTTAGGAGTTAGAAAGGGTGCATGGATCCAAGAAGAGGATGTCCCCCCGNGGAA

ATGCATTGAGAAATATGGAGAAGGAAAGTGGCNTCNGNTTCCCCTCCGANCAGGTNACAN

GAAAGAGAAAGGGATCAGTATTTATNTGNGTTTTTTTACTTCTGTTTTGCTTACAGAGTT

TCATTTTCCTGANTTTGCAGGGNTGAATACATGCCNAAAANCTGCNNGTTGAGATGGCTC

AATTANTTGAANCCGGATATCAAGAGAGGAGAGTTTGCNTTAGACGAGGTTGATCTCATG

ATTANGCTTCACAATTTGTTGGGGAACAGGCCAGTCTATAATAACTCAAGTACTAGCTTG

NTAATGATANTACATTAGTTCTGAAGCTGTTCACAACTTCCNNAAGAGCTGTTCAGCNGA

NACTTTGNCTGANGTTNNGCGNGTNTNGATGGTCCTTGANTGCNGGTAGGCTTCCANGGA

NGACTGCTAATGATGTCAANAACTNNTGGCATAGTCACCACTTCAAAANGGAGGTTCANC

TCCAGCCAAGAAGGGAGAGANACACCCCAAACACATTCNNAAACCCAAGCTATANAGCCT

CACCCTCACAAGTTCTCCAAAGCCTTGCCNANGTTTGAACTAAAAACTNCAGCTGTGGAT



ACTTTTGACACACACGTCAGTACTTCCAGGAAGCCATCANCCACTTCACCACAACCGAAN

GATGACATCANATGGNTGGGAANGCCNGTTANCTGAGCATGCTCANATGGATCACGAAAC

TGACTTNTCGGCTTCTGNANAGATGCTTATCGCACGCCTCAAGACAGANNANACTGCNAC

ACACAAAAAGGGACCCCNGGGGNGGGGTATGATTGNACCAATCCNGGGGGGGGGGGGGGG

GGATTTNCCCCNTTGNNGNGGGCCTTCNGGGGANACCCCCNNCCCNCNANNNAAANCCNT

TTGNTCNGGNGNNNCNCNAANCCCCN

Acces

sion
Description

M a x

score

Total

sco r

e

Q u e r y

coverage

E

value

M a x

ident

FJ687

553.1

Vitis vinifera Pinot noir

transcription factor MYBA1

(MybA1) gene, MybA1-white

allele, partial sequence

1197 1197 89% 0.0 89%

DQ88

6418.

1

Vitis vinifera R2R3 MYB

transcription factor (MYBA1)

gene, MYBA1-white allele,

complete cds

1197 1197 89% 0.0 89%

AB24

2301.

1

Vitis vinifera gypsy-type

retrotransposon Gret1 genes for

GAG-POL precursor, GAG-POL

precursor and VvmybA1 gene for

myb-related transcription factor,

partial and complete cds, cultivar:

Pinot Noir

1197 1197 89% 0.0 89%

AB24

2300.

1

Vitis vinifera gypsy-type

retrotransposon Gret1 genes for

GAG-POL precursor, GAG-POL

precursor and VvmybA1 gene for

myb-related transcription factor,

partial and complete cds, cultivar:

Pinot Blanc

1197 1197 89% 0.0 89%

AB11

1101.

1

Vitis vinifera gypsy-type

retrotransposon Gret1 DNA and

VvmybA1 gene for myb-related

transcription factor, complete cds,

cultuvar: Ruby Okuyama

1197 1197 89% 0.0 89%

AB11

1100.

1

Vitis vinifera gypsy-type

retrotransposon Gret1 genes and

VvmybA1 gene for myb-related

transcription factor, complete cds,

cultivar: Italia

1197 1197 89% 0.0 89%

DQ27

7700.

1

Vitis vinifera cultivar Pinot Noir

transcription factor MybA (mybA)

gene, mybA1-2 allele, complete

cds

1197 1727 89% 0.0 89%

AM44

8353.

2

Vitis vinifera contig

VV78X150532.18, whole genome

shotgun sequence

1182 1182 89% 0.0 89%

DQ88

6417.

1

Vitis vinifera R2R3 MYB

transcription factor (MYBA1)

gene, MYBA1-red allele, complete

cds

1181 1181 89% 0.0 89%

FJ687

552.1

Vitis vinifera Pinot noir

transcription factor MYBA1

(MybA1) gene, MybA1-red allele,

complete cds

1175 1175 89% 0.0 89%



ATGGAGAGCTTAGGAGTTAGAAAGGGTGCATGGATCCAAGAAGAGGATGTCCCCCCGAGG 60

M E S L G V R K G A W I Q E E D V P P R

AAATGCATTGAGAAATATGGAGAAGGAAAGTGGCATCTGGTTCCCCTCCGAGCAGGGTTG 120

K C I E K Y G E G K W H L V P L R A G L

AATACATGCCGAAAAAGCTGCAGGTCACACGAAAGAGAAAGGGATCAGTATTTATCTGCG 180

N T C R K S C R S H E R E R D Q Y L S A

TTTTTTTACTTCTGTTTTGCTTACAGAGTTTCATTTTCCTCACTTTTTGAGATGGCTCAA 240

F F Y F C F A Y R V S F S S L F E M A Q

TTATTTGAAGCCGGATATCAAGAGAGGAGAGTTTGCATTAGACGAGGTTCATCTCATGAT 300

L F E A G Y Q E R R V C I R R G S S H D

TCGGCTTCACAATTTGTTGGGGAACAGGCCAGTCTATACTACCTCAAGTACTGGCTTGAT 360

S A S Q F V G E Q A S L Y Y L K Y W L D

AATGATATTACATTAGTTCTGAAGCTGTTCACAACTTCCGAAAGAGCTGTTCAGCAGATA 420

N D I T L V L K L F T T S E R A V Q Q I

CTTTGTCTGACGTTGTGCGGGTATAGATGGTCCTTGATTGCGGGTAGGCTTCCAGGGAGG 480

L C L T L C G Y R W S L I A G R L P G R

ACTGCTAATGATGTCAAGAACTATTGGCATAGTCACCACTTCAAAAAGGAGGTTCAGCTC 540

T A N D V K N Y W H S H H F K K E V Q L

CAGCAAGAAGGGAGAGATACACCCCAAACACATTCTAAAACCCAAGCTATAAAGCCTCAC 600

Q Q E G R D T P Q T H S K T Q A I K P H

CCTCACAAGTTCTCCAAAGCCTTGCCAAGGTTTGAACTAAAAACTACAGCTGTGGATACT 660

P H K F S K A L P R F E L K T T A V D T

TTTGACACACAAGTCAGTACTTCCAGGAAGCCATCATCCACTTCACCACAACCGAATGAT 720

F D T Q V S T S R K P S S T S P Q P N D

GACATCATATGGTGGGAAAGCCTGTTAGCTGAGCATGCTCAAATGGATCAAGAAACTGAC 780

D I I W W E S L L A E H A Q M D Q E T D

TTTCTGGCTTCTGGAGAGATGCTTATCGCAAGCCTCAGGCCAGAAGAAACTGCAACACAG 840

F L A S G E M L I A S L R P E E T A T Q

AAAAAGGGACCCATGGATGGTATGATTGAACAAATCCAGGGAGGTGAGGGTGATTTTCCA 900

K K G P M D G M I E Q I Q G G E G D F P

TTTGATGTGGGCTTTTGGGATACTCCCAACACACAAGTAAATCATTTGATCTGA 954

F D V G F W D T P N T Q V N H L I *

μ



Fig. 281. Promoter alignment (up to 300 bp sequence upstream to the start codon).

Predicted transcription start points within CT-rich regions, TATA regions, CAAT motifs,

StuA-like binding motifs (NWWCGCGWNM) and potential NIT2 sites (TATCTM) are boxed.

AbiI, Agaricus bisporus gpdI gene. AbiII, Agaricus bisporus gpdII gene. CciI, Coprinopsis

cinerea gpdI gene. CciII, Coprinopsis cinerea gpdII gene. Sco, Schizophyllum commune gpd

gene. Fve, Flammulina velutipes gpd gene. Pch, Phanerochaete chrysoprorium gpd gene. Led,

Lentinula edodes gpd gene.



μ

(Primer design)

Primer sequence (5'-3')

Agaricus bisporus gpdII

AbiII-gpd-F: TAGGATCCGCGGGAAGAAGAATTCAGAGGTCCGCAAGT

AbiII-gpd-R:

GGCGGATCCGAGAGACAAACCATGGCGATAAGC

Promoter sequence:

TAGGATCCGCGGGAAGAAGAATTCAGAGGTCCGCAAGTAGATTGAAAGTTCAGTACGTTTTTAACAATAGAGCATTTTCG

AGGCTTGCGTCATTCTGTGTCAGGCTAGCAGTTTATAAGCGTTGAGGATCTAGAGCTGCTGTTCCCGCGTCTCGAATGTT

CTCGGTGTTTAGGGGTTAGCAATCTGATATGATAATAATTTGTGATGACATCGATAGTACAAAAACCCCAATTCCGGTCA

CATCCACCATCTCCGTTTTCTCCCATCTACACACAACAAGCTTATCGCCATGGTTTGTCTCTCGGATCCGCC

Flammulina velutipes gpd
Fve-gpd-F:

CGAAGCTTTCTAGGTCGTCCTCGT



Fve-gpd-R:

CGCCATGGTTGTAGATGAGGAGATG

Ganoderma lucidum gpd

Glu-gpd-F

ATGGATCCAAAGCCGCTCTCATG

Glu-gpd-R

ATCCATGGTGAGAGGGGGATGAAGA

Promoter sequence:

TCCAAAGCCGCTCTCATGGCATGGCACAGAGGTATATCGTTACATATATCCGTTTGTGTCAACGTCGAGGGGTTCCCCTC

GTTCAAGCCTCTTCAGACATTGGGCCACCCATGCTCAAGATGCCCAAGGCCCACGCTGTATATCCATAAGTAAGATATGC

GCATCCTCGTTTCTCGCCTTGCAATTGGTGTTCGTTGAACAACTGGTCGCAGAGGCAAGAAGTCGAAGTGACTTCTCTTG

ACTTTCTATGTCCGACCTCAAGGTCGCTCCGGGGCCACAGGCCTAAATACGACCACCATAATCAATGGCCAACAATCACG

ATGGTCCCGATATATACAATAACCCTTGGTTTTGGCGTAGCAATGCCAGGAAATTGCTAGTGTCTCATCTCAATCTGAGC

ACAGGCATGGAACGTCGGTCTGGAAAGCCGAGGCCGAAGTAGGGTACTTGATGGAAAGCTGAATTCTTGCGAGGCTCAGA

CACCTGGAGGAGGTTCTTGGCTCGCGCACGAGGGTTCGAACATTATTCAAAGAAGGTGAACAAAGGTCGCCCCAAGGCGG

TCAACAGGTAATTGGAAGAAGGGAGGTTAACGTTACCCGACCAATTACATAACTAAGAGTGATTCGTATCGATGGATGTC

GGTTGGGGTATTGTGTGAGAAAGAGACGAGGTGCAGCTCGACATGGCTGGAGATGGCGGGGGAAATGGACGAGTGGGATG

GTTGGATTGCAGCAACCAATCCGGGGCCAGCGGATGTGATACCCATCCGCGTCGTCTGACGATGCATATGGCGAGACAGG

CCGAGTCAAAGATGGCACGTTTGAAGCTTGTGCATGCCGGCAGCTCAGCACAAGTTTCTGTGGTGCTGTTGCAGGCACTG

AGGAACGTGAGCAGGCTTTAGAGGGAGCTAGGCTGGGCGACGTTGGTCTGGGTATGCGAGGAAGACATCGGAGAGATGGC

AAGGGCGAGGGACGGGCCGAGTCTAGGCTGAGGCTGAAGAGTCAGACGCAACTAGCGCTCATTGGCGGGAGACCGCCCCA

GTCCGGCAAGCGCCGAGTGACGCAGGTGGTGACGCCCGCCAGTCGCCCAGTCCGTAGTAGTGTGCCCGATTGGATCTGCG

ATAACATCGGTCGAGGCGTATAAATGCTCTCTCTGCCCTCTCTCCTTGTCCAGCCTCATCTTCTTACTCACTCTTCATCC

CCCTCTCAAC

Cordyceps militaris gpd

Cmi-gpd-F: ATAAGCTTCGCAGTGCAGTGCCAA

Cmi-gpd-R: GGCCATGGTTCTTGATTAGAAAAGTGAGG

Promoter sequence:

CGCAGTGCAGTGCCAACAGGGTGCGTTGACGCTGCCGCATGCTGAGGCTGGTGAATATGACTAGCCGGAGACATTGCTAT

TCGGGCCTTGTCTGTTATCGATTCGGTGCCCAGGCGCATATTACGGCGTGAGTGTGTAATGGGAATGGAGTCAGCCGGCG

CCAGATCGGAGGACGCTGAATGAGGACCAAGAGTGTACTTTTCCCGGCGCGGCCGGACTAAGACGGTTTCACTAATACGC

CATGGAATCATGGATGGGAGCCTTGTCGTGTCATCTTGGTGGCCAATTTGTCTATTCTGGTAGTTCCGCCGTGGCCAACT

TGACGGTTCACTGGTTTTGTGTCTTGATGACTGACAAAGAGGGCCAGAGATGAGACGACGAGCTGCCGGTTGCACCATCA

GCCAACCGTTCGCAGAAATCATCAGTTGCGCTACAGTCAACATAGCGGGTGGTCAAAGTTTGCGTGGGCACGGGTTGCCG

CACGAGTTGGAACGTCAGTAAAGTGGGGGAGGGGAAGCAACCAGAACGAGGCCAATTGAATGGGATGAAGGCGTCTGGGA

GGGAAGCACGAGCGTGAATGAATGGACGGTTGCGTGACTCTGGTCTCGCGATTTCGATCGAGTCAAGGAACCCGTATGGT

TGCCTCTTGTCTTGGAGAGCTCGTCGAGGCCCAAGCTGCGAGTATATGGTTGGTGATGCGCTGGGCATTTGCCCCTCTCT

GCCCCTCCATGGACGGACCTGCAGCTCTTGGGCTGGCAAGGTGTTGCGCTACGTCGAGATGCGGTTAGGTAAGCTGGCAT

AAGCTGGCATAAGGTTGGCTGTTCTTGAGAAATCAGGCCAGCAGTCTTGCACCTCTCTGGCTACAGGCTCTCCAGCGGTC

AGCCACCGCCACTCCAGCGCCTGTTTTTCACTGACGATGGCCTTGTTTTTTTGTTGCTCTGGCAGCTGGCAAGCTGGGTC

CCGGCAGCTGCCACGGCCAAGCCACCCAGGACTACAAAACCATTTGCCCACCCCTCCTCTTCGCCGTGCGTCTCTTCTTT

TTCTCCCCTCCATTACACCTCATTCTTCAGTTCAAAGGAACAAAAGTGAGTTTTCCATCCGTCCCACACCTGGCTCCATC

ATCTCGAGCTTCATTGCTTCTTGACCATCTACCACGCTCTACCCTCCAACAGCTTCGCTCACCCAAGAGCTGCCTGCTTT

TCCCCTCCTCTCCACGACCCCGCCATCCACCACTTAACCTAAAGTTACCCCTCGCTAACCGCCAAACGTCCCAACAGGTT

TTTCTTCTCTCACCTCACTTTTCTAATCAAGAACAATG

Schizophyllum commune

gpd

Sco-gpd-F : ATAAGCTTCTTCGACCGCGCACCTGCAT

Sco-gpd-R: CGCCATGGTTGTGTGATGGGATGCGATG

Promoter sequence

NNAAGCTTCTTCGACCGCGCACCTGCATGGATGCGCATGGATAGAATAGAGCGTCGCCCTCGAGGGGGACTCGACCAGGG

CTGGTGGTGGCGCCCGACGGGACTGGCTGGGCATTTGCAGATGGCGCGCAGTCCAGGCCGCCGCCGATGTGTTCATCCCG

TTTTGTCAGTATCGATCGGATCTTTCGGGCGTGGGTATAAAAGCGCGCCGCCCGCCGTCTCCCTCTTTCTCCAGCACTCC

CATCCAGAGCACTTCCCTCTCC/CATCGCATCCCATCACACAACCATGGNN

Lentinula edodes

gpd

Led-gpd-F: ATAAGCTTGCACGGTTCCAGGCA (HindIII)

Led-gpd-R: CgCCATGGTAATTCAAGCAGTCAAT (NcoI)

313 bp PCR product

Promoter sequence:

GCACGGTTCCAGGCAACCTTAGTCATGGGGCGATAGAACTGAAGAACGTTTGCTGATTGGCAGTCCATCCCAAAGGACTC

GGCCAATAAATCCTATCCAATCGCAGGTCCGAGGTACTAAAGTGTTTTAGGGTCTAGACTTTTAGGGCTATTGTCGAAGT

CACAACATCACGCAATCAAGATTTGACTGAAGCGCGATTATCTATAAAAGGATCAGTTGTGTTTTTCGTCCGCATCTTTT

CCTTGTTCCACAACCTTCGATTCTAAATACCCTCCAATCCATTGACTGCTTGAATTAAAATG



Fig. 282. Isolation of genomic DNA from 6 mushroom species

Δ



Fig. 283. DNA product by gradient PCR

Fig. 284. Schematic diagram of gpd promoter cloning into pBI121



Fig. 285. Schematic diagram of gpd pro/GUS/Ter DNA cloning into pCambia1300
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Fig. 286. Fluorometric determination of GUS enzyme activity of P. eryngii.
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Fig. 287. Construction of pCamPAC

Fig. 288. Construction of pCamcrtO



Fig. 289. Construction of pCammyb
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Fig. 290. Isolation of genomic DNA from P. eryngii mycelia and confirmation of hph DNA

integration by PCR in non-transformed (c) and pCamcrtO-transformed (1-10) mycelia.
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Fig. 291. Confirmation of transgene integration by dot blot hybridization
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Fig. 292. Cytotoxicity of EPS from the transformants to SKOV-3 ovarian tumor cells.



Table 30. Characteristics of transformed P. eryngii fruiting bodies.



Fig. 293. Harvested fruiting bodies of PcamPAC-transformed P. eryngii.

Fig. 294. Harvested fruiting bodies of Pcamort-transformed P. eryngii.

Fig. 295. Harvested fruiting bodies of Pcammyb-transformed P. eryngii.
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Fig. 296. Detection of transgene in transformed fruiting bodies by dot blot hybridization
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Fig. 297. RNA isolation and RT-PCR analysis for mRNA expression.
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Fig. 298. Cloning and bacterial expression of HBsAg.



Fig. 299. Analysis of PCR-cloned HBsAg DNA sequence.

Fig. 300. Identification of IPTG-induced HBsAg protein in E. coli by SDS-PAGE and western

blotting.



Fig. 301. Construction of pCamHBsAg
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Fig. 302. Microscopic observations of aluminum oxide particles with the mycelium.



Fig. 303. ATM by conventional method

(upper Fig.) and mechanical

wounding-assisted method (lower Fig.)

Fig. 304. Morphological difference of

some transformants.

Fig. 305. Isolated genomic DNA (left) and PCR product from hph transgene (right)



Fig. 306. Total RNA isolation (left) and RT-PCR (right)
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Fig. 307. Transformants are shown from the experiment using intact fungal discs (Intact) or

acetosyringone-induced Agrobacterium (AS), or fungal discs with mechanical wounds (Wounds).

Fig. 308. Southern blot hybridization. P1 and P2 are serially diluted pCambia1300 plasmids digested

with EcoRI. Nt and T1-T6 represent non- transformant and transformants of G. lucidum,

respectively.



Fig. 309. Morphological differences in G. lucidum transformants.

Fig. 310. Confirmation of DNA transfer by PCR. 1-30: Transformants (1-30). Nt: non-transformant

(Nt).
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Fig. 311. Changes in body weight gain among the groups administered with various doses of

mycelium or the vehicle.



Fig. 312. Changes of spleen, liver, and lung weight among the groups administered with various

doses of mycelium or the vehicle.

Fig. 313. Histopathological comparison of liver and kidney by Hematoxylin & Eosin staining,

γ



Table 31. Distribution of IgG isotype and IgE in the plasma or culture supernatants

Splenic lymphocytes were stimulated with LPS for one week and the culture supernatants were

collected for IgG isotype measurement. Values represent mean±SD of two representative

experiments. The ratios (IgG2a/IgG1) were obtained through dividing amount of IgG2a by amount

of IgG1. * indicates the statistically significant difference (p<0.05) between the 5 mg/kg bw

administered mice and the 0.5 mg/kg bw administered mice.
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Table 32. IL-4 and IFN productionγ in vitro from the mycelium-administered mice splenocytes.

Splenic lymphocytes were stimulated with PHA for 48 hours, and the culture supernatants were

collected for cytokine ELISA. Values represent mean±SD of two representative experiments.
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Fig. 314. HBsAg mycelium vaccination schedule (1st)

Fig. 315. HBsAg mycelium vaccination schedule (2nd)



Fig. 316. Elevation of HBs Ab titer in the BALB/c mice administered with the HBsAg-expressing

mycelium in the absence (black bar) or presence (clear hatched bar) of cholera toxin adjuvant. Grey hatched

bar represents the mice administered with distilled water.



Fig. 317. Elevation of HBs Ab titer in the BALB/c mice administered with the HBsAg-expressing

mycelium forvarious times.



Fig. 318. Elevation of HBs Ab titer in the BALB/c mice administered with the HBsAg mycelium (black

bar) and the mice administered with distilled water (grey hatched bar). Both group of the mice were

injected two time with sub-immunogenic dose of the commercial vaccine.
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Fig. 319. Cloning of GAD67



Fig. 320. Analysis of PCR-cloned GAD67 DNA sequence

Fig. 321. Construction map of pKSGAD67 and IPTG-induced GAD67 analyzed by SDS-PAGE and

western blot.



Fig. 322. Construction of pCamGAD67
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Fig. 323. Microwave irradiation-mediated extraction (MIME) and analysis of protein extracts by

SDS-PAGE. Left panel in A: Yeast cells were either boiled for 10 min (boil) or subjected to

MIME for 45 sec in either alkaline or neutral buffer conditions. The protein extracts were resolved

on 10 18% gradient SDS-PAGE gels. Right panel in A: Mycelium cells were subjected to either

boiling for 10 min or MIME for 30 or 45 sec in either alkaline or neutral buffer conditions.

Mycelium cells were also subjected to MIME for 45 sec in alkaline buffer conditions containing a

higher NaOH concentration (0.2 or 0.3 M). M, protein size marker.

Fig. 324. Microwave irradiation-mediated extraction (MIME) and analysis of protein extracts by

western blot. Upper panel shows the GAD67 protein expressed and detected by western blot. Lower

panel shows the GAD67 expression plasmid map.



Fig. 325. Preparation of genomic DNA by Microwave irradiation-mediated extraction (MIME). A:

Mycelium cells subjected to boiling and boiling with subsequent glass bead vortexing (GB) for 1

min. Mycelium cells were also subjected to MIME for 30 or 45 sec or 45 sec of MIME with

subsequent GB. The mycelium cell extracts were analyzed by 1% agarose gel electrophoresis. M, 1

kb DNA size marker. B: The mycelium cell extracts obtained by 45 sec MIME were diluted with

distilled water and used as templates for PCR amplification. C1 and C2 indicate wild-type cells. T1

to T8 indicate the transformants expressing GAD67. Arrow indicates a 2.3 kb DNA fragment

amplified by PCR. M, 250 bp DNA size marker.
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Table 33. Difference in fatality rate concerning the occurrence of diabetes mellitus among the

groups (1st trial).

Table 34. Difference in fatality rate concenrning the occurrence of diabetes mellitus among the

groups (2nd trial).



Fig. 326. Comparison of mean blood glucose levels among the mice administered with GAD67

mycelium or vehicle.



Fig. 327. Comparison of mean blood glucose levels among the mice adminstered with GAD67

mycelium 500 mg/kg bw and 100 mg/kg bw.
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Fig. 328. Effect of hGH (human growth hormone) on proliferation of rat insulinoma RINm5F cells.

Fig. 329. Effect of hGH (human growth hormone) on proliferation of rat insulinoma RINm5F cells

after streptozotocin (STZ) treatments.



Fig. 330. Effect of EGF (Epidermal growth factor) on proliferation of rat insulinoma RINm5F cells.

Fig. 331. Effect of EGF (Epidermal growth factor) on proliferation of rat insulinoma RINm5F cells

after streptozotocin (STZ) treatments.





Table 35. Effects of mycelial extracts containing hGH on growth rate of SD rats

Table 36. Effects of mycelial extracts containing hGH on food intake and drink of SD

rats



Table 37. Changes of organ weight by treatment of mycelial extracts containing hGH in

SD rats



Table 38. Effects of mycelial extracts containing hGH on total cholesterol, triglyceride, and

HDL- and LDL-cholesterol levels in plasma of SD rats



Table 39. Changes of plasma parameter (Ca, ALP, BALP) by treatment of mycelial extracts

containing hGH in SD rats

Table 40. Effects of mycelial extracts containing hGH on levels of growth-ralated factors in plasma

of SD rats



Fig. 332. Image scan of tibia and tibial growth plate of SD rat



Table 41. Effects of mycelial extracts containing hGH on growth of tibia and tibial growth

plate in SD rats



Table 42. Field test for biological activity in farm animal (chicken)



상피3. (epidermal growth factors, EGF)

Table 43. Toner ingredients and formulated conditions



Table 44. Essence ingredients and formulated conditions

Triethanolamine



Fig. 333. pH measurement of the Cosmetics. (A) Toner and (B) Essence



Fig. 334. Viscosity measurement of the Cosmetics. (A) Toner and (B) Essence



Table 45. Results of stability test of cosmetics in constant temperature conditions. (4, 25,

45, 38, 45 , Under UV)

Sample

Day

4℃ 25℃ 38℃ 45℃ UV

Toner Essence Toner Essence Toner Essence Toner Essence Toner Essence

1 O O O O O O O O O O

3 O O O O O O O O O O

5 O O O O O O O O O O

7 O O O O O O O O O O

14 O O O O O O O O O O

O : Stable X : Unstable



Fig. 335. Photograph of human patch test of the cosmetics.



Fig. 336. Protease activity of pCamLacPSPLSP3 in P. eryngii.
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