Development of sesame hairy root system for
extra—cellular production of recombinant fungal phytase
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SUMMARY

I. Project title

"Development of sesame hairy root system for extra-cellular production of

recombinant fungal phytase"

II. Research background

The hairy root system may be used as a potential system for both the
characterization of recombinant proteins produced and the practical
application to efficient production of valuable foreign proteins such as
antibodies or other human proteins. In recent, a number of recombinant
proteins have been produced in plant organs such as leaves, fruits, seeds,
tubers or roots transformed with Agrobacterium harboring various useful
protein sequences. However, because of relatively low yields of their
products and laborious extraction and purification processes, their production
systems are not cost-effective. To overcome these problems, some
researchers have suggested a successful root system called rhizo-secretion to
facilitate the release of recombinant proteins synthesized in the root tissues
into liquid medium using ER (endoplasmic reticulum) signal sequence fused
to the protein sequence. As a result, they have obtained much higher
amounts of the recombinant proteins in the medium than in the root
tissues. Our study is focused on production of fungal phytase, which is

commercially important as a feed-supplement, using an expression construct
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containing its sequences with a signal sequence leading to the secretion
pathway. In this study, we have examined; 1) effects of some culture
conditions on the expression of a recombinant fungal phytase and the
biomass growth during the cultures of sesame hairy roots transformed with
an Agrobacterium thizogenes strain containing the phytase expression
construct, whose products are assumed to be secreted into the medium, 2)
biochemical characterization, isolation and purification of the recombinant
phytase, and finely preservation of the selected hairy root cell lines and

effect of elicitors on production of the phytase.

ITI. Research contents and scope of the project

Part I. Expression and characterization of recombinant fungal phytase in

hairy root cultures

= Isolation and construction of the fungal phytase
= Identification of the fungal phytase insertion and expression
= Isolation and purification of the fungal phytase produced

= Biochemical characterization of the fungal phytase produced

Part II. Transformation of sesame tissues and preservation of the selected

hairy root cell lines with higher phytase expression

= Transformation of sesame tissues with Agrobacterium rhizogenes

= Efficient transfer of the expression vector and selection of the
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hairy root cell lines with higher phytase expression
= Identification of transformation efficiency and

= Preservation of hairy root cell lines

Part III. Development of a culture system for efficient production of

recombinant fungal phytase

= Optimization for higher production of the recombinant fungal
phytase in the transformed sesame hairy root cultures
= Effect of sucrose concentrations on sesame hairy root growth and
the recombinant fungal phytase
= Effect of light conditions on sesame hairy root growth and the

recombinant fungal phytase

IV. Summary of research results and propositions for their

applications

1. Result summaries

1-1. Expression and characterization of recombinant fungal phytase in

hairy root cultures
= Establishment of the recombinant fungal phytase expression cassette:

The phytase expression vector pMOG413, which contains a phytase

expression cassette consisting of 35S promoter, RNA4 leader sequence,
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tobacco PR-S signal peptide, phytase and Nos terminator, and the strain of
Agrobacterium rhizogenesDC-AR2 were successfully established according to

the general cloning methods.

= Pulsor-electroporation for transfer of the phytase expression vector
into the Agrobacterium strain:

A fulsor-electroporation method for transfer of the phytase expression

cassette into the Agrobacterium strain was established with a device by

applying a pulse of 12.5 kV/cm with 25 uF capacitor (Bio-Rad, USA).

= Analysis of genomic DNA:

Southern hybridization reveals that the insertion of the fungal
phytase sequence into sesame hairy roots was successful. The primary
results have provided us with two possibilities. One is that the strain of
Agrobacterium rhizogenes DC-AR2 is useful as a mediatorfor transformation
of sesame hairy roots and another is that heterologous recombinant phytase
protein could be produced by cultures of the transformed sesame hairy

roots.

= SDS-PAGE analysis:

To investigate molecular properties of the recombinant phytase,
SDS-PAGE was performed. SDS-PAGE analysis revealed that not only the
recombinant phytase protein was present in the liquid culture medium of
the transformed sesame hairy roots but also one single band signal

corresponding to approximately 90 kDa was observed in the gel after the
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last purification step, indicating that the purified protein was homogeneous.

= Isolation and purification of the fungal phytase secreted into the
culture medium:

The phytase enzyme secreted was purified by three steps of ultrafiltration,

DEAE-Sepharose ion exchange chromatography and Sephadex G-100 size-exclusion

chromatography. As a result, one single band signal was observed with

SDS-PAGE, indicating that the purification step was reasonable.

= Analysis of production and expression pattern of the fungal phytase:

The phytase production was abruptly increased between 4- and
5-week culture periods and after 6 weeks of the cultures, the yield was
decreased, indicating that the optimal culture period of the hairy roots for
phytase production may be between 5- and 6-week cultures. The highest
yield (0.51 U/ml) of the phytase was observed in 6-week cultures. This
level of the phytase production was higher than those or comparable to
those from other cultures including microbial production. No phytase
transcript was found in control hairy roots, while different transcription
levels were detected in the transformed hairy roots according to their
culture periods. The transcription level of the phytase was rapidly increased
after 4-week cultures, displaying that the expression pattern of the phytase

coincided with its yield.
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= Western blot analysis:

For identification of the phytase protein excreted into the cultured
liquid medium, western blotting analysis was performed. This analysis
exhibited the immunodetection result confirming the secretion of the fungal
phytase protein into the culture medium. One interesting feature is that

three signal bands were observed.

= Biochemical analysis of the fungal phytase produced:

For biochemical analysis of the fungal phytase secreted into the
culture medium, periodic acid-Schiff (PAS) and zymogram staining were
performed. The phosphatase activity of the purified phytase protein was
positively determined in the gel with zymogram staining, implying that the
enzyme was functional. The zymogram staining also displays a positive
PAS staining in the gel, illustrating that the purified phytase protein was

extensively glycosylated.

= Analysis of biochemical reaction kinetics of the fungal phytase:

The optimal temperature of reaction activity of the phytase was 50-60
°C, while 50 °C was optimal for native phytase (BASF). To verify
thermostability of the recombinant phytase, both the purified phytase and
native fungal phytase were pre-incubated at various temperatures from 20
°C to 90 °C at intervals of 10 °C. the activity responses of both phytases
to the temperatures pre-exposed before the phytase reaction were nearly
similar. When both the recombinant phytase and native phytase were

pre-incubated at the temperatures higher than 50 °C, their catalytic activities
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were gradually lost and at 90 °C almost completely inactivated.. At 60 °C
of pre-incubation, however, the activity of native fungal phytase was
decreased by 20% of the maximal activity. In contrast, the recombinant
phytase activity revealed 30% reduction.

Various pH conditions were applied at a range of pH between 2.0 and
9.0 at interval of one pH unit to detect the activity of the recombinant
phytase. A a result, two pH peaks were shown; one is at pH value of 2.0
with 65% of relative activity and another would be at 4.5 with
approximately 98-100% activity and thus the optimal pH was between 4-5 pH
values for the recombinant fungal phytase, while for native phytase it was at pH
5.0.

Various cations and reagents can stimulate or inhibit phytase activity.
Accordingly, 8 cations, a reducing reagent DTT, a chelating reagent EDTA
and a protease inhibitor PMSF were used to examine their effects on the
recombinant fungal phytase. In general, there was no significant inhibitory
effects on the recombinant phytase activity and no difference between the
recombinant phytase and native phytase activity with the exception of Fe'*
cation. In contrast, some effectors such as Mg%, DTT, EDTA and PMSF
slightly stimulated the phytaseactivity, suggesting that these effectors may

play a positive role in the enzymatic structure and activity.
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1-2. Transformation of sesame tissues and preservation of the selected

hairy root cell lines with higher phytase expression

= Sensitivity test for selection of transformed sesame hairy roots:

Kanamycin resistance was first tested with four different
concentrations of 50 pg ml”, 100 ug ml', 150 ug ml" and 200 ng ml”
for selection of transformed sesame hairy roots. At higher levels than 50
g ml', any growth indication of sesame hairy roots transformed with no
kanamycin resistance gene was not found, but at 100 ng ml" the growth
of the roots with the resistance gene was observed. These observations
suggested that relatively lower levels of kanamycin are needed for selection
of the transformed sesame hairy roots in comparison with other plant
tissues. As a result, 100 ug ml’ of kanamycin was used for the selection

of sesame hairy root transformants.

= Selection of sesame hairy roots with higher expression of the
recombinant fungal phytase and analysis of transformants:

The hairy roots were initiated on the sites wounded with the needles
immersed in the Agrobacterium cultures after 15-20days of inoculation and
the percent transformation reached 50-60% on the average. Southern
hybridization revealed that the insertion of the fungal phytase sequence into
sesame hairy roots was successful. A line of the hairy roots with the
highest phytase expression was selected through a preliminary experiment

and this line of the hairy roots was used in the subsequent experiments.
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= Preservation of the hairy root cell lines:
A) Preservation by cryopreservation
B) Preservation by chemical treatment
1) Effect of DMSO treatment
2) Effect of glycerol treatment

C) Preservation by mixed treatments

1-3. Development of a culture system for efficient production of

recombinant fungal phytase

= Effect of light condition on hairy root growth and phytase
production:

Continuous light illumination had adverse influence on both the
root biomass growth and phytase expression regardless of sugar levels.
Furthermore, after about 10 days cultures, the continuous light resulted in
no more root growth and thus no more increase in the phytase activity.
These findings clearly indicated that the dark condition is highly favorable
for both the growth of the transformed sesame hairy roots and production
of the recombinant phytase protein, although it has been generally known
that light illumination is more effective for hairy root cultures. The
suppressive response of light during the cultures of the transgenic sesame
hairy roots to their biomass growth may be due to a light-triggered
inhibitory factor which blocks the hairy root growth, leading to low overall

phytase accumulation in the cultures.
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= Effect of culture temperature on hairy root growth and phytase
production:

Our results demonstrated that culture temperatures had great
influence on the transgenic sesame hairy root growth and the recombinant
phytase expression. At 20 °C, any indications of the root growth and
phytase expression were not determined. In contrast, the culture
temperatures of 26 °C and 30 °C were effective for both the root biomass
growth and phytase expression. Consequently, the results from 20 °C were

omitted.

= Effect of sucrose concentrations on hairy root growth and phytase
production:

To examine the optimal sucrose levels for sesame hairy root cultures
and expression of the phytase sequence, 5 different sucrose concentrations
(1%, 3%, 5%, 7% and 9%) were applied. Our results exhibited that
different sucrose levels differently affected the root growth and phytase
expression. At 26 °C, 5% sucrose was most optimal for both the ultimate
root growth (18.7 g fresh weight/flask) and phytase expression (581.9
units/mL liquid medium), whereas at 30 °C, 3% and 5% sucrose levels
were most optimal for the ultimate root growth (24.9 g fresh weight/flask)
and for the ultimate phytase expression (510.1 units/mL liquid medium),
respectively. Some other characteristic results were also found. One is that
for the first 5-week cultures, the initial root growth and phytase expression
were relatively faster in the cultures held at 30 °C than 26 °C on the

whole, although there was little difference between the two cultures in the

_20_



final root growth and phytase production (Fig. 2 and Fig. 3). In particular,
during the first 4-5 weeks cultures, the initial root growth and phytase
expression were very lowin the cultures held at 26 °C, whereas at 30 °C
relatively greater growth and expression were found in the cultures
supplemented with higher sucrose levels (7% and 9%). After 5-week
cultures, relatively higher root growth and phytase expression were obtained
at 30 °C than 26 °C on the whole. Another interesting finding is that 1%

sucrose levels showed nearly no growth at both temperatures.

= Effect of culture medium on hairy root growth and phytase
production:

Our results show that full-strength MS medium was most effective
both for sesame hairy root growth and phytase expression but there was
little difference between two sucrose levels of 3% and 5% under the same
conditions. The final biomass growth was two-fold greater in full-strength
MS (24.3 g fresh weight/flask on average) than other media (12.4 g/flask
on average) irrespective of sucrose levels. In particular, the phytase
expression was found almost exclusively in full-strength MS compared with

that of other media.

= Comparision of increase rates in hairy root growth and phytase
production:

The relative increase rates in the root biomass growth and phytase

expression were compared at one-week intervals (except 0-2 weeks culture

periods) using histograms. The highest rapid increase in the root biomass
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growth (12.4 g fresh weight) occurred at the fourth week of the culture
periods in the medium supplemented with 5% sucrose. After 4 weeks of
the cultures, the increasing rates abruptly slowed down from approximately
70% to over 90%, indicating that the optimal culture periods for sesame
hairy root growth are between the culture periods of 4 and 5 weeks. On
the other hand, the most active expression rates of the phytase sequence
(196 units/mL liquid medium) were examined at the same week of the
culture periods as the root biomass growth but thereafter the increase rates
began to decrease slowly, suggesting that the culture periods optimal for
the recombinant phytase production in the flask cultures of the transgenic
sesame hairy roots may be between 5- and 6-week culture periods. Two
important features were observed. One thing is that the initial increase rates
for 3-week cultures in both cases were relatively higher in MS medium
with 5% than 3% sucrose. Another suggests that 5-6 week culture periods

are optimal for the phytase production.

= Effect of elicitors on hairy root growth and phytase production:

At the concentrations of 0.01 mM, 0.03 mM or 0.05 mM jasmonic
acid, there are no difference in the hairy root growth and the phytase
production. Little effect of PEG (polyethylene glycol) treatment on both the
hairy root growth and phytase expression was also observed. When silver
nitrate (I, 2 or 3 mM) was added to the culture medium, the hairy root
growth and the phytase activity were not affected by their treatments.
Addition of SNP (sodium nitroprusside) into the culture medium showed a

very sensitive response in the initial hairy root growth, but as the culture
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period elapses no remarkable difference was found. In contrast, potassium
phosphate (KH,POs) had great influence on the hairy root growth. The
optimum concentration of potassium phosphate for adequate root biomass

growth was between 50 mg/L and 60 mg/L.
2. Propositions for applications of the research results

The purpose of this research project is based on two targets. One is to
provide a basic principle for developing a cost-effective production system
of the recombinant fungal phytase using sesame hairy root culture system.
Another is to develop a model system of sesame hairy root cultures for
production of high-value recombinant proteins. From this research project,
we successfully obtained our research purpose and for further applications

of the data acquired some propositions are requested as follows.

- Our production system is based on the flask culture system. Accordingly,
further studies on a practical system for industrial-scale production of the
recombinant phytase are requested.

- The sesame hairy root culture system developed in this research project
is a unique technology for producing recombinant proteins. So, the
further financial support are necessary not only for international patent
but also for further development of this system.

- The results obtained from this research project are encouraged to be
published for expansion of information about this production system.

- Finely, the end purpose of this research project is dependent on the
development of mass production system of recombinant proteins.
Accordingly, to accomplish this purpose, not only progressive
developments of further advanced technology involved with the system
are needed but also more research fund is requested for application to its

practical uses.
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1}) Pulsor-electroporation @ DNA #&# W4
e AlFgAet FsaAAdA Do BATS Fste] DNAE 23
S phytasefrd Aol EAQE 821317 €3] Southern hybridization A FES 43P 3}
o] o] g cassette7t FAC] FAHAE AT AU APE o AvkeE AFHA
SAE AAEA

(1) Electroporationg ©]4-3 Agrobacterium DC-AR2 transformation:
1. agrobacterium DC-AR2<S %3] ODgool A 05084 T2 =2 H] g3},
2. Agol 208 FoHE F 5000rpm 4TI 1083 44 Helate] g & F 4
s 95 #Hdoh
3. A DC-AR2el wE] 23 ©E 10% glycerol 10mlE 2o} #< 93]
e A]?l T Ago] 1087 ZolEr),

glycerol 10mlE ¥ o]

A9 49 AAS FH o g
Fr)E cell (DC-AR2) 100 ul®t DNA 3ul (lug)g Eletroporation
cuvette(0.2cm)oll @2 & 25 kVelA 38% &< W754S 7tstel DC-AR2
5 A A7

o o
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7. 47154 7k DC-AR2°] LB¥iA] 200ulE ¥ § 28°C it wjekr]of A 3
AlZF 5<F pre-culturedtt}.

8. @A A| kanamycin(50ug/ml)S $HF3F LB A vjA]o] =gk & 28Teol|A 2¢
7wl kg,

9. LB i’iﬂ iAo U F2YE wpA LBAA M=ol A & bl 3o},

10. wj k= E’LOﬂ/ﬂ ZgAn=E 23] PCRS o] 8&3te] agrobacteriume & &

(2) Al DNA &2
hairy root 100mg2 €+43] v} 3t}

200 ule] cell lysis solutiong # il thA] vl 3o},
200 p19] cell lysis solutione ThA] ¥ o]t}

6M NaCl 300 pls ¥ 5 30% &9 voltexdtt}.
13000 rpmel Al 20 &<t LA &2 g}
Fs A HAA A FEE FX0H
Iso—propanol 700 ulS %
13000 rpm, 4Coll A 20+
70% ethaol® washing 3+
10. A2 33 Hi 4

rsL'

2 & 20 TolA 20%7F HES-A] 71
F dEE gk

S dry-ovenoll A AZXAIZ]
l__nT_

QT AdEeART FF 42 Aske] AT

© X N O s W=

(3) Southern +4:

Eod 12 pge Al DNAZE Hindlllet EcoRI®] A|gtaAz WA o 7%
agarose 2% A719% 3 v}, o€ DNAE nylon membrane®) capillary transfer
HHog 27t} o]o]jA o] DNAZ 7} nylon membrane® UVZE cross-linking A
71 DNAZS 1uAHse] #AZEAIZl ZFo] 5 x SSC, 50% formaldehyde, 0.1% (w/v),
N-lauroylsarcosine, 0.02% SDS % 2% blocking reagent®] WHg oA 42 Tof A
oF 18 AIZHEer Wk AT o]ojA 1 x SSCE 0.1% SDSe| &3 gHom A3
Fol, Al 0.1% x SSCQ]r 0.1% SDSe] &3 &Aoo = 65 TolA Al H AlHasta 2
ZA1Z B X-ray 250 =FA170H

. d+E3 3%
1) 3F9 vy F4 o5 2 I A5
3o] Aspergillus phytase 322l HE2FE<Ql phytase E47F 719 A3 &
dte] el o s mj EH7F 7hs @ BoR 5= oty 3F9 W
& cassette®] FAS AT vhg splvh o] aY S HolF= mpel o

jus)

AL
ol



o] HHIIMNES EAL A dMAQl legumin T4 XA signal peptideZ} 12
s o] glth= Aot} o] signal peptide™ AAE @M AS AX yroz Fu] 0} = %
%6k signal peptide® = Hal QAR obF g

o of & WEAMNES] TH a&8dE ME vl HEZ Aol ot legumin &
4 17ke] signal peptide®] & o] EH?—& FeAol =A dEhA @gkr] wiiel &
A 7ME & AbEste] wgol Axe 2d Aol AHSsiitt

H
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T-MHOS

]

Fig. 1-1. Construct of phytase expression cassette I

Cab 355 promoies
AMY RMAL laadar \
lequimidn ségnal pagptida
signal peplide removed phlase

ETApagon e g3 1 plinivid

nos terminator

T_cEign

Cabfy 155 s ke PER DT prkgan of aplc alion

FpginiTcia phosghomansliness

Fig. 1-2. Construct of phytase expression cassette II:

Signal peptide 1s removed and mature fungal phytase is present.
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CaMV 155 promoter
AMY RMAS loader Y
lequmin signal peptida

mature phytase

STA region fom piS1 plrsmed

nos terminater pLSF 1

14872 bp

rep_orgn

CalV 335 promober PBR XD origin of naphication

hygromgcin praospraimrsiarass

Fig. 1-3. Construct of phytase expression cassette II:

The full-length fungal phytase is present.

1 M
T —
[0 e o T — = t:'u; E
BOO bp—i= ——— 500 by
M: zize marker M: size marker
1: signal peptide 1: mature phytase

removed phytase
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2) Pulsor—electroporation 4 3}
st ® v ElolA 2 cassetteE Agrobacterium rhizogenes DC-AR2 1ol &2 =3
A7 A7 HHE AEste] o] o] MEUR o] ¥y JMHEV Ao A

old A4 7= FHsAT (b 1™ 14 F=x).

N

Fig. 1-4. Analysis of colony lift hybridization for identifying
the presence of the fungal phytase expression cassette by

transformation of Agrobacterium

3) Autel 2 cell lineo] Eolxd A}

AT A BAAEY s A8 A FAASAE st original
fungal phytase FdA= probe® 3} Southern hybridizationd & AA3 2
W a9 1-590A4 9k 2] pMOG413 plasmide] AxF FFo] FEfolAl HHIAME
7F Z BT AeHor AolHdvs AdE AU
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3kb

3kb

Fig. 1-5. Southern hybridization (A) and gel analysis (B) of genomic DNA from
transformed sesame hairy roots. M, marker DNA; lane 1, Hindlll/EcoRI
double-digested vector DNA (a very fainted phytase DNA band is seen around 3
kb); lane 2, EcoRI digested linear vector DNA containing phytase gene; lane 3,
sesame hairy root genome DNA transformed with no phytase; lanes 4-7, sesame

hairy root genomic DNA transformed with phytase gene.
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2. SErolAl S BAEA

7L @7ad e 2 Uy
D d7H-8:

ANzg o] JetolAE FAAGH B o] FEHoR HHsE I
A AAsy] ste]l g &Ko) @ Rl dAF = dEelAE Ml
dEstglon, olek e A7 AT oS fle|M JEfebA e o] 7H
ek BAIMIE I8 AEste] Aatd whaide] F4o] Aash A, 2 A=
detopAl el wd FE& A AT A9, 7 9ol detopAle] FAS dPHoR
gl 91 A7k FAER e, FAAR] £ PHE gE 2
2) ATHH:

7h @93 £8 2 SDS-PAGE W4

Hj @F o] FujE o etz fste]l vk} 10 mlE 3980 x go &
2 42 CellA 30w%te] d E 3 T A A Al Ho YA E "ol o3
o} Ad3E A BdARAHS AXA ultrafiltration device systemO. = Tl S
3}o] Bradford dye-binding WH o2 whulao] kg =H3s}9 o I ElolA <]
AAE 91g A 8= o] &3t

A B Ael FE gulES A5 fste] 4 g9 EAATS AHE
stlom, WA RS A AL HolA R W Fo wuid F=F o [100
mM sodium acetate (pH 5.5), 20 mM calcium chloride, 1 mM dithiothreitol (DTT)
2 1 mM phenylmethylsulfonyl fluoride (PMSF)]-& A}g3lo] whwlAa S 23 v}
oMot sd3 o w dulds Faote] dilde] FEA o ARE-sHTH

Teld 9Wde]l SDS PAGE 2 #4& 9ste] 3 pgol #dd duds
Bio-Rad mini-gel system®l loadings}$i o™, 4%29} 10%2] acrylamide®] stacking 2
o 4 gul A R 3k Fo] Coomassie brilliant blue G-205 A}-&3Fo] whild o] =3

2 g3y

=

>,
LU e

(o]
fe o

1) Western blot 3
Zt 3 ug 9 9WAS 10% acrylamid geleld SDS-PAGE % PVDF
(polyvinylidene difluoride) membrane (Boehringer Mannheim GmbH, Germany)®ll
transfer AZAt. 1¥W % membranes 05% Tween-20, 5% nonfat milkS 3$F-f-3F
PBS (phosphate buffered saline)® 1A]7F& <t blocking Al 71t} H74 & 0002 4-E]
A 3922 fungal phytaseo] ™3t &4, rabbit IsGZ 92 blocking solution®l] 1:200uj
s|Aste] 2A17FE <t membraneo] RFSAIZITH 05% Tween-20= 33 PBSE
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membrane< 20% 7+ 2 washing3d ¥ secondary antibody®# goatoll A AAHE
horseradish peroxidase (HRP)-conjugated anti-rabbit IgGE 92| blocking solution
of 1:100008]  3]Aske  2A41ZF wEEAIZITE 05% Tween-202 33 PBS®E
membranes 20+% 7F 29 washing$t ¥ ECL (enhanced chemiluminescence) reagent
(Amersham Biosciences, UK)E ©]&3}le] X-ray film *FolA signal bandE 7 &3}

At

t}) v Elo}A|e] 2@ FAS BA37] $3 northern blot ¥4

W 2-8F A Z+Z+9] hairy rootZF A S 2 g¥ AA| A Lo FYI o,
mortarel| A mFgktt. o]o] A Concert Plant RNA Purification Reagent (Invitrogen,
USA)E ©]&3}lo] manufacturers manualth® RNAZS 23 S, F#dle] mad
of wMigAl7] HME 77 20 ugel RNAE #7195 stk ©719s % Hybond-N
nylon membtrane (Amersham Bioscience, UK)ol| transfer 3}92e™, UV
cross-linking & AF&3}%t}h Northern blottingol] AF&3 e &7]9F A
Z "Wy 2 DEPCAHZE & AMg3lth  probe= pMOG413 vectore] A&l A=
phytase gene ORF H &S PCRZ TE3lo] AHA F AMESI$ oW, hybridization
buffer= PIPES buffer (2X PIPES buffer (pH 6.5), 50% formamide, 1% SDS, 2X
blocking reagent)& AF&3FATE. £H]E membranes 42 ColA 243
prehybridization A]Zl %o Rediprime II Random Prime Labelling System
(Amersham Bioscience, UK)& ©o]-&3to] PP-dCTP® labelling® probeE F
bufferol] 43¢ 42 CollA 18A]7F hybridization A% t. Hybridization ¥ membrane<
2 x SSCe 0.1% SDS9 &3 &g Ao A 20237+ washingdt ¥, 0.2 x SSCe}
01% SDS &3 gdo 65 TColA 3083+ F7FE washingdtth. washing 3F

membrane< X-ray films ©]&3}°] band signale] #HE% Atk

b4

S A

o 1

Z}) JEtotAl 9 &4 FAWHY
&2 4 50 ul®} 0.1 M citrate buffer (pH 55)°] =9 5 mM sodium
phytate 450 ulE& 41 ol 37 TelA 302 F ¥&A 7T 98 F 15%
trichloroacetic acid 500 ul& %o #-gS FZAIZT 6 N HoSO4 2.5% ammonium
molybdate, 10% ascorbic acid, H:0E Z}Z} 1:1:1:29] H-3 H| &2 £33k walAlef 4
mlE %3 42 o, 50 TellA 20% 3t

nmol A FHEE A

PRI 208 & Ao A7 F 820
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U d+2%
1) Az IetolA] o d E42A5%
Az dEfobAl Ld cassette 0] /A EATel] dold fol RS &

sto] =E dEHE AT '% wj Fatol Az =
stQlsty] flste] v AT o2 HE]% s
of A= wgol JEtopAl o] EHo] Thesith 1-
HAvk Z™elA dERd mpel o] o BT xﬂLH"ﬂ/ﬂ TEE wFol A=
detobAl= B A B ooyl vk Soll M= *XHOP A=
i ok wEbs o] A Axtel st EEWE
signal sequences= I|EfOLAIE W gl Ho= ¢
g o, ol g offrol hE FeAd A

S8tttal AbRE T
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Fig. 1-6. Analysis of SDS-PAGE of proteins secreted into the culture
medium by the transformed and untransformed hairy roots:
(A); Untransformed hairy roots, B; The presence of the recombinant fungal

phytase protein secreted into the culture medium of transformed hairy roots.

_51_



2) AZxE vEolAl I EXA7

G Bgo] FefolAst BEHOR WA FAG WFY How Bt
& e vetold BATE [ Aol YAE ARG FBol FetobAl st o9

FEsR e As 48] flskel 7wt B2 RNAS 2@ 8] northern
hybridization2 g o2 o] WHIIANES] wdSAS EAsden, o Ayes 19
1-7A9} 1-7Bell A & Aw e} o] 29 1-7A°] 931 control hairy rootoll A= 3
gopAl o] W Eo] FAHA Fove AMES HoFa glow, FEHSE hairy

rooto] M= WheF 27 F-E etolAle] B ol olfoa A gk Abdel FRHEe

it

oZi

W, Sold A& Wi 4F A o] FHE vetebael w@e] FaHA thehta Qrke A
9 A A8 + Aeh ael N 6% ool ATl HFS FuHAom
A=

= T
olgldt dddyE EUE o & W FHAAH hairy roote] E&H wFS
FHE ko] mgho] offo] AMopd Aom ARG
® 1-7BE FEfobAle] PFH 3 hairy root®] HALHEQD T ERolAI o] A
5 o] Fa drh o] 1fel ¢3tH control hairy rootol = & W AbE o]
Elxl %?9}%% Bk eiu FAAE hairy rootell A= Wi <g 254 F-H
AE‘rOM]ﬂ 7ol ofF oFetAl yeEhr] AlEtste]l w6514 7HE
AeA SAHAAJ. olH g Abd2 27 1-7TAd A 9] EH =
Aol AR S T 3l AL Hop
glom gdHon, doz AxyF T

o2

ST | (R )
e rlo o ol

o
m
[e]
o
é
lo
ru\‘l
ox
o,
O
[0

o
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A C 23 456 7

RNA-REDST LT R

Phytase activity (U/ml)

Fig. 1-7. Southern hybridization (A) and gel analysis (B) of genomic DNA from
transformed sesame hairy roots. M, marker DNA; lane 1, Hindlll/EcoRI
double-digested vector DNA (a very fainted phytase DNA band is seen around 3
kb) lane 2, EcoRI digested linear vector DNA containing phytase gene lane 3,
sesame hairy root genome DNA transformed with no phytase lanes 4-7, sesame

hairy root genomic DNA transformed with phytase gene.
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3) Western blot ¥4 23}

ANz w1Fo] EfotA|o] olste] A2 hairy rootoll A AR T EfolA|
7o £om FHjE wwd yo  EAsteAE gedetr] flsk
immunodetection®A] o] Faq P omn 1 AdE 1¥81-89 (A)S B)olA Z BHoF
a9tk o] el HojFal gle wpel o] Az F3o] yEokAlE FEe] W
dxo] 2 AAE FERAZE Bgd Hog FHjEHATHE AFA FA o] ¥
of Zuehy vk zely dEE go] I EpobA|rt G vl Ho g L EXA
2 3L hairy root®] Aulel dFE HFol ke ARAE o] 17 1-89 (B)ollAl HAF
Atk 29 Adell= 7 T/ A717F obd Al F5Fe] 271 (80 kD, 60 kD, 47 kD)
7} =7 JEry glen o] & 80 kDY W do] f# ¢ native fungal ¥ E}o}
ol Aoz FHEI, 60 kD @A L2 olul glycosylation®] A &2 I ElolAZE
AEgom U= 47 kDO ©@wld Wit 2y T3 RRA o7 A Eokd
HefelA 2 FHERN0H, olelgt AFH A= v AFAEY] AFAAAAE
3] Hise A7 A} dA s

fob pott v 22 o R
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(A) (B)
M 1 2 3 4 M123‘4

l

(]{DE.) (kDa)

By v 98.5—
56.7— - H 56.7~ ~.

37.5- 3l.b=

Fig. 1-8. Western blot analysis of the recombinant phytase secreted into liquid MS
medium and retainedin the root tissues. M, molecular weight marker; lane 1,
control with no phytase gene;, lanes 2 and 3, 5- and 6-week cultured liquid
medium (A) and root tissues (B), respectively; lane 4, the commercial Aspergillus
phytase (BASF Corporation). Ten L of the cultured liquid medium and 3 g of total
protein from the root tissues were applied to electrophoresis and transferred to a
membrane. The membrane was then washed and antibody binding detected as

described in materials and methods.
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3. 2dAES 2 A Ve

hoATEY WE R P

) A7

Az ol Aotz FAAHA A mae] WFoz AuE e}
A EAE WG Lol PulE GwdRyy agdow P Adsts Ee 94
371 sl thrd wum 2ol A4 J1%Ee] olgHUth ol8H Fa el A4

o

7195 ultrafiltration, DEAE-sepharose chromatography, sephadex G-100

chromatography W 59 ©ulze] Ea Ao #Add A3 ® ol 3 ElA 9

24 F45 g 7% s g AFEo] FAHUY a8 e ZAE IE

o}Al & SDS-PAGE®4, activity staining and Periodic-Acid-Schiff (PAS) staining %

5o Fokol A vetolale BuMA B4 BAY 4¥Ec] Fo AFUEEn
E

gest 2y

rlo

e o
-

m

2) A7
7} S ErolbA £ ZA HH

Hairy root Wik} 150 mlS 9AEEse B84 EAS AA ¢ £
ultrafilteration system (YM-10 membrane, Millipore)S ©]-&38to] =33t H 3 3
mlE %33 kS PD-10 desalting column (Amersham Bioscience, UK)& ©]-&
3 gddtgnr gdd vz A gE 20 mM  TrissHCI (pH 8.0) buffer®
preequilibration Al 71 3 ml DEAE-Sepharose (AB)Z packed® column (2 cm x 15
cm)ol E3AZ T 5 ml Y buffer® A W A F 3Tl Sepharoseo] ZAgE o] <l
= wEs FEAT7] Yk B 05 mle] £X=2 10 ml elution buffer (20 mM
Tris-HCDE AF&-3Fe] NaCl& 0-05 M s%9 71&7]2 H7bste] A7l (elution) 3t
o] 500 ul® 20709 eppendorf tubedl elutionr] AT}t ©] ZFolA phytase activity”}
el = 8 (¢F 015-020 M NaCl)E EolA o2 wAe] AAo Alg&stth o]
oM BEIHH ARE ‘:’O]-/ﬂ Amicon Ultra-4 centrifugal filter devices (10 kD cutoff,
Millipore) 2 €917l thg 533 MZS 01 M citrate buffer (pH. 55)% v& &
H]El 7 ml Sephadex G-100 resin® & packed® column (0.7 cm x 30 cm)ol loading
3 o] 9 05 ml £52 8 ml 0.1 M citrate buffer (pH. 555 A}-&3}o] &2}
ridz gmds 259t 4 tube Z 500 ul A 10709] eppendorf tubeol| Z+Z}

ol Z+ tubed wMA FE9} phytase activity® =A38}o] activityZ}b = A e
= BYE RolA gAY Agel AREElAT)
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) @9z &4 9 SDS-PAGE

Hold @] &S 54387 flske] protein-dye binding ol AR&
Har, AlFolA == Bio-Rad3 A protein assay kitE T8t dulas =
gttt

Eoy dwgde] A BAS Q)& total protein 3 ugS Bio-Rad mini-gel
systemo 2 F@stR o™, 4% stacking® 10% acrylamide® W] ¥ A2 7|9 &
gk %o Coomassie brilliant blue G-2502.2 <IA13le] SDS-PAGE ¥4 2do] 43
= At

t}) Zymogram staining 23

AA A FElolA S SDS-PAGE gel AolAl phytase activityE 3¢l
fl&to] zymogram staining A3 WS ol&stArh. WA AVFES AolA A
standard procedure® o2 £33 Fo A7 AEFH gelS 25% isopropanol’}t
7l 0.1 M citrate (pH 5.5) buffero]l A 30% 7F ©7} HAH3 E=+= H4AHS FH
0}04 AL Az 18 T isopropanolS YA ¥ 0.1 M citrate (pH5.5) bufferol]
A 30 3 HAHds EEWEA T OMAS U, gelS staining solution [0.2% a
-naphthylphosphate, 0.1% Fast Garnet GBC salts, 1 mM Na-phytate, 0.1 M citrate
buffer (pH 5511 &7} 37%cl A 302 3+ whgAZleh g 2o M=zt A7H

water® washing gt}

71

=l

pus

of

(T o oj

o

#}) Periodic acid-Schiff (PAS) staining 23
A oA A4kE phytase?] glycosylation 58 #<d3sl7] $18ke] PAS
(periodic  acid-schiff) stainingS AAISAT. WA FAE  phytase @A S
SDS-PAGEZ A7|9 5SS 343 3 To] A7|d5" AS 50% (v/v) methanolol] A

k7Y WEE §A8HHA overnighte® AL TAAZITH A Ao FY Jo =H

/\1 2% (w/v) sodium metablsulflteoﬂ 6A] ZF-overnight &<¢F ©7F |44 Ao &

A

Fo AL 201 F AFE o] 28 ¥ F W O SRTFE AS AFSTH AHE

A& 2% periodic acid (w/v) &9 16% 7+ @ U2 SHTZ 28 7F A4S 23

HHE-3k Sof Schiff reagent (Sigma)oll ©7F 93k WFS FAste] A &4@01 NE

Mo QA= w7bA] WAtk Aol GAE vS FHTE 2% I+ 23] AlHE
o]

i
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v d7+Z2 3
D Add Az deteiA] @fide £ A 2427
Az vletobal B cassette o] 7| EAdTol Adold Fol AdaAde &
ato] Adolzl FAZS hairy roote] WiFHO R EHE total TMARFE o] I
Elopal @A S vl @Ae] # AAREE AHA Zﬂit% detolAl & e AAS
fom, AAAR EAAze] Qo2 Table 191 & WeEh §
Table 1-1

Purification of the recombinant phytase secreted into liquid culture medium of

sesame hairy roots

Volume Total protein T(?tgl Sp e'c1’ﬁc Purification Recovery
Step (ml) (mg) activity activity (fold) (%)
L) (U/mg)
Culture supernatant 150 0.9 32 36 1 100
Ultrafiltration 5 0.69 50 72 2 156
DEAE-Sepharose 3 0.45 38 85 24 118
Sephadex G-100 1 0.22 21 97 2.7 66

$1o] Table 1-1914 HolF= upel o] A HAl A= g 150 mlS 94
2 4GS AXHA Ao crude protein 150 mlell %ZH 3}‘—1} 3 E}olA| 9] total

activity = 32 units, specific activity= 36 U/mg protein® & A EH ATt + WA o
Al el dialysis, desalting 2 ultrafiltration® 432 A& A Ao E‘r Wz oA =AHF b
Elo} Al 2] total activity:= 50 units $3Z, specific activity= 72 U/mg proteinl & =
AEom, g Sl &2 156%TE A @’KH A GANAM =

DEAE-Sepharose ion exchange chromatography @ #| A& A XA dojz 3 o}olA]
9] total activity + 38 units, specific activity:= 85 U/mg protein®] 1L, &2 o] 3]
T2 118% o]t} mlAu @A el Sephadex G-100 gel filtration chromatography
HAHE A dojrd @ Ao I ElolA 9 total activity:® 21 units, specific
activity:= 97 U/mg protein®. & A= om dwao 34825 118%E el

uepA Fe A" A wFo] detobAle tigk o]H 3 4 FAAIA do
X A2 A F HAE Lokdth A WA= culture supernatant (31 WAl A A 3
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el F4 € FetebAl 9] total activity7} ultrafiltration (7 Al AA]) GAlA B
ot =4 et Holoh dwbAQl v FA|HA A= ARGl Aw DT
£ total activity®] X7} ZAEE Aol AajAH] d Hisie] 2 AFAIo|AE=
i o] SA X7 SAEHATE Aol Foladth. ol g A= ofntE T EfolA 9
B, S8 uf wjgFl Holl of| A|A 7L A AU oy wiged Hofl 3hFE
inorganic orthophosphate®} 72 EZA=Z Qlsle] FHo Waladez &IPS 75
I e e —iﬁxq-rﬂ]oq‘i}. T e Sold AMEE ZF AAlGA e dude] 34
g0

&5 vus] B o Aold 78 vuAd BA S Achs AR olw, o]
gt 54 dye ”ﬂ]ﬂoi Aol dwgo] wjtd Ho7 FH|EI dThE (HY
AA A FTARA AAFNCH, o] A= FAHE Alx"o A AT I EolA
g d §48 B AAT Agde Ads ae84d Aolgte AMEE dAlEFa
A= Ao Z AR FH T

w2 AAE Az JEobA e g2lS 13 WA SDS-PAGE #4S F335k¢]
JelolAl o] A7E Rl (2™ 1-9). o]ofA A7]d-FH acrylamide gelS ©] &
o] dojx A B (85 o]g3le]  western blotting A ¥ A 9

g wsgol dEtotAlglo]l SAH AT o

immunodetections &3te] o] ©@Hl o] %73
< hairy rootH oA FAdE Tl ol

APATA oJejr] o] IefobA] EAi

w BN

)
hairy rootA] 912 ¥uls 3L gk APAE Slo] AelA s ol FPEh
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Mw Cont 5-W 6-W
(kDa)

98.5 — -

36.7 —

375 =

Fig. 1-9. Western blot analysis of the recombinant phytase secreted into liquid MS

medium. Mw molecular weight marker, cont; control with no phytase gene, 5-W

and 6-W the secreted phytase protein cultured for 5 and 6 weeks, respectively.
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2) Zymogram % PAS (periodic-acid Schiff staining) 2 @23}

2o gAE Bul ARG FFol detelAle] BA R A S 24
7l 9Astel 2 wAME el A ARG wUA AetelAE BAdGon 1 Az

= 29 15100 2 AW Eol vk WA Zh dAE AAlE 9@ME S SDS-PAGER
A Aol ofstd (27 1-10A) M ¥FH £ crude extractoll 3+-F¥ ] EtolA] 9
7} 93 1o (90 kD), DEAE-Sepharoseo] ¢33+ A A A o A %= 3 elo}A

o] EA7F #lE gl o} bande] A E7F AR 7F4314 31, Sephadex gel filtration®]
QA GA Fol= band®] AW EE ofF FASASTS HAFAAT & &t band
gho] Aol HolFATH o] Ar dddte] B uf Zg AAE AxHF wFo] g
<

wpeba] oA e A" AT o] veotAle] &S HF5H] 91k
SDS-PAGE= W7]9&d & ©]&3ko] zymogram stainingd @& Fdstom, 1L
A3k 90 kDe] i Fel A ek vetobAl 240l SN (29 1-10B), ©
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Fig. 1-10. SDS-PAGE analysis (A), zymogram staining (B) for phosphatase
activity of the purified phytase protein, and periodic acid-Schiff (PAS) staining (C)
for glycosylation of the purified recombinant phytase. A: lane 1; total protein from
the culture media, lane 2; the purified phytase protein by DEAE-Sepharose, lane 3

the purified phytase protein by Sephadex G-100. B and C: lane 1; the purified

recombinant phytase, lane 2 commercial phytase (BASF Corporation).
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chlorideE-2; manganese chloride (MnCly), lithium chloride (LiCl), calcium chloride
(CaCly), magnesium chloride (MgCls), Ferric chloride (FeCls), zinc chloride (ZnCly),
cobalt chloride (CoCl;) ¥ poatssium chloride (KC1)9®] 8%¢9] cation chloride’} A&
Hm, M EHY we HNEEE PMSF (phenylmethylsulfonyl fluoride), DTT
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effector£¢ &%+ PMSF¥ 1 mM= AF&-% vk o effectorsS WHE o &9

o
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4. 472
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& wgol deteAle FHHer Hito] bed Aom AR U

_64_



120 ¢

[
) =
= =
L] L]

R elative Activity (%)
oy =
= =
T T

]
=
T

=

20 30 40 50 a0 70 80 90
Temperature (C)

Fig. 1-11. Effects of temperature on activity of the purified recombinant phytase

(M) and the commercial phytase (BASF Corporation) (@).
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Fig. 1-12. Thermal stability of the recombinant phytase. To determine temperature
stability, the purified recombinant phytase (A) and the commercial phytase (BASF

Corporation) (@) were preincubated at the given temperatures for 10 min and then

their activities were measured as described in Materials and methods.
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Fig. 1-13. Effect of pH on activity of the purified recombinant phytase (&) and

the commercial phytase (BASF Corporation) (@). The pH was adjusted to the

given pH before phytase activity was measured
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Table 1-2

Effect of wvarious cations as chloride salts and other additives on
recombinant fungal phytase. Relative enzyme activities are shown as
compared to that of a reaction in 100 mM citric acid buffer (pH 5.5).

Assay solutions were supplemented with the additives at a concentration

of 5 mM except PMSF (ImM).

Relative activity (%)

Additive
Recombinant phytase Commercial phytase
None 100 100
Mn?" 100 102
Li 97 100
2+
Ca 94 103
Mg* 106 105
+
K 100 105
3+
Fe 76 101
Zn*" 100 102
Co*" 101 102
DTT 103 104
EDTA 105 102
PMSF 105 104

Each value is the means of 3 replications
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o . cassette construct
Agrobaclerium | i
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DC-ARZ g
——
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{f;_:asﬁeltth g
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[ transformation

]

Agrobacterium transformants harboring
the phytase expression cassette

Electroporation = 0= ¢l

Fig. 2-1. Transformation procedure of Agrobacterium rhizogenes
with the recombinant fungal phytase construct

_74_



) A A AW

Agrobacterium rhizogenes DC-AR27 o2 FAHM3IAE e EAdte
A FgAAA A AREs Qe T EFY A F, kanamycin? hygromycin©]
o] §HATE o F FAAY F=H AIAHE HZES7] 9ol kanamycin® B¢
0, 50 ug/ml, 100 ug/ml, 150 ug/ml, 2 200 ug/ml (ZLE 2-4)¢] FEZ ujkua] =]
HA7VE A 1, hygromycing® A-$-ol= 0, 10 ug/ml, 20 ug/ml, 30 ug/ml, 40 ug/ml, %
50 ug/ml (L% 2-5)& wjAo] H7lsto o529 Al thst AP HEE &3
o} A9 FHAe RS wild type Agrobacterium rhizogenes DC-AR27F 2.2 &

ot

[e]
=

ARE ool ALEYen, i“/HQ MEol N AAE wATE oF 2 cmiv®
Bebq 7t FAAe] A wEsh S48 WA Wrso s el g AT
g HzE a9,

. A7z

) A 2A8 2329 =49 25
Agrobacterium rhizogenesvtoll 2JajA o A FAAZ A7 W
gk A+ Biae opf e vk gly] wEe 2 Aol |
T7F AEHAJATE webA] kst o] A AgS A A e )

_>|:
2
dlo
o
fu
o
2

o

il

2 = A A

HA A3 hairy rootd A &o] tE FZ wvsiA A =A ey wf ol

i %E wild type Agrobacterium rhizogenesirS 719 w|Eo] FARIEE AAE

Wolx FAAdg 79 hairy roots: 85 st (2@ 2-2). 7 2-2¢1A4 RHolF

A= vpep o]l FAbmbm R AA7E o F-9lel A hairy root7t @A EHA oW, B

o] Zol7k of 2 cmeolt AFstASs W Febo] AbgetdTh 17 2-38 Fed B

ds OE Al &AM M EFT AdEA 3 Y BAAS C2FE 3 F5Y B

At golgbh @A EAAL, o] BT Wolgs A9 AvlE Fehdo] HA g
of &AM wWts FAsAT

_75_



Fig. 2-2. The sesame hairy roots formed on the sesame hypocotyl

transformed with wild type Agrobacterium rhizogenes DC-AR?2 strain.

Fig. 2-3. The sesame hairy roots cultured on MS agar medium,

showing a cluster of the hairy roots
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2) FAA AFPEZE A3

A7 BAFe]l FAASAE A8yl 9%k kanamycin?t hygromycin A 343
S A3 A3} kanamycin 100 pg/mle] ¥ %A, 283l hygromycing 30 pg/mle]
39l FEAA wild type B 2ol B wARHE wHel, F Al o)
A A AR FHE BAATS TAE A @ BT o] A &EHTE A
A& Z=A7 dREAt (ofd] 2 2-49 18 2-5 FZ). Table 2-12] Ao A=
e Al A S0 WX kanamycin® hygromycin® A3AS HAE 3 2
d A3¢E debd E2A kanamycine] wiAll H7F SRS Ag, MG 2dH%= A

Fl
o:
-

glol 100 pg/mle] F% olFeA e el PAol HE o]Fo] AA| Fskrh
Hygromycine] wj#o] 7} & Z$-ol= 30 pug/mle FZolA A2 Aol HXH
R UTE wekA ojefgt AP Ao A Ho]F= upel o] | 2A S AMEEte FA
AgAE &Aooz HAdelr] 934 = kanamycino] AF&¥= ASode AL F%
= 100 pg/ml7} A Ast= Aoz YElyk o™ hygromycin ﬂ/‘ﬁxﬂe AFE-8l= 74 99l
= 30 wg/mle] RS A mabe W oohle) the Ao FANRA Aue] T}
ATH= AR o] % AT Fofoll A S AT
Table 2-1. Effects of antibiotics on callus formaion in sesame.

Light Control® Kanamycin Hygromycin

Condition (ng/L) (ng/L)
50 100 150 15 30 50
No. of callus formed/total segments
Dark” 55/57 5/60 0/60 0/60 4/60 0/60 0/60
Light® 36/60 3/60 0/60 0/60 2/60 0/60 0/60

# No. of calli induced was counted after 12-week culture.

> No. of antibiotics.
¢ Continuous dark

4 16-h light (2,500 1x) and 8-h dark photoperiod.
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0 50 pgfml 100 pg/ml 150 pg/ml 200 pg/ml

Fig. 2-4. Kanamycin resistance test for selecting sesame hairy root transformants

10 pg/ml 20 pg/ml 30 pg/mi 40 pg/ml 50 pg/ml

Fig. 2-5. Hygromycin resistance test for selecting sesame hairy root transformants
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mgS AH ] sucrose’t 0 %, 3 %, 5% 2L 7 %7F S
of AAALoA H& WEAAT 55 Wesd A
AA 17Y, 374, 574 2 10579 &<t A4t
o #Bole A4S FASAUTY & dHoRE 15
A A e v WEs AAA BT A FEobA
A A Bogte A RES 9% 2 WYeHe AdE

A% 27 BATESE MS o
B 100 mg, 300 mg 2 600
EJ MS s A w3k 5
-80 °Ce] Y& A &
:LQ] ;(H /Kg?(]—o"l ]ijz‘
9] pre-culture glo] HI =
d oHE xAbste] 3
zsgs]_oﬂ

—101' r
l-rj

e
2
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5
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(2) st&tx WEsAeE Wy
o] A¥S 9 WA 71 HHEZAORE ALEH+E dimethylsulfide(DMSO)
9} sucrose?] FFS HESZ] HdlA 5% DMSOS sucrose 1-5%7F &3H MS Hj
Aol 2k 100 mg, 300 mg % 600 mgd EATS 1-5Y 7tA oz HAHAZ] o A
Axo & o 30 °CollA sisAZIth o]oj A wjFufA]el] AlH g the 50 mle
v Rl A 7F ©21 100 mlo] FebsAol] &AA BT S A TH

A g % ‘:11— %3l
o] Aol 7 =S BT cell lineg E&8A 0= 7] RESY] fetd = WY W
Wt shetd Aelg Edtatel £ ‘213111, Fo e g w
A -

o] AelE fdte] WA
Sojd= 2 YEE 50 ml centrifuge tubeoﬂ ol A ol A
o -80 °Ce W& Ao do Byt Ao 3 & % =Y A=
10%, 20%, 30%, 40%, 50% % 60%< TE=Z 33, DMSOE 4%9 o<
Aglstdeh. a8l 3 A FYMANE10-60%9 4% DMSOE &&3te] A& s
om BIE cell lineES =0]7] Yste] 4 °C (¢F 2A1%h), 15 °C (2F 40%), 30 °C
(2F 30 ), 50 °C (°F 204) % 100 °C (eF 3)ellA 7zt =2l o b AHzld
MS 94 wiA 2 Al | AFEg e, AAHE cell linesa 100 mle] MS Hj ¢ Hj#|
(MS plus 5% sucrose)’} E°] 98250 ml Zg2A=A 35 T wjdsty
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. d+2%
1) Agrobacterium rhizogenes® A A3 A3
Az F3o] dEolAlY B JFIHMEE JFA dE pMOG413 plasmidE A
71% 27 Al2=d¥ "W o2 Agrobacterium rhizogenesitol|l %71 ZA¥eo] ol AFHS 9
3 PCR WHo] olg¥qx, = A3 pMOG413 plasmid’} Agrobacterium rhizogenes
ol s HolHEdnk= AR AR 27 2-60 A9 o] FlEAnt. o] 19
oAl HolFE= uiel o] & 3+ 709 single band signal®e] gel 404 #A@EQ o
), o] band7} AZ3F FFo] FElolAle] W JMAMEE xgsta e wd HERZ
gelgol webA o] & AMESte] A xS FBo] drotAlE Ailkst= Fle FA
A%k BAALE fFsks b ol & H A

1600 bp——ba-

i | G000 bp
DO Moy i 3 il

BO0 bp e— g G0 Bp

M: size marker M: size marker
1: signal peptide 1. mature phytasze
removed phytase

Fig. 2-6. The PCR evidence for the presence of recombinant fungal phytase
expression cassette.
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A Z@d¥ = cell line 35 A2etsith. webA o] A3z 5E d ol o] &do] 7}
A UdEtdE B 2odte]l FE A cell line (line 3)& A&H4 o2 v}
98] 1-25F 214 9] subcultureE E3to] A WhE o= w3}t
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Table 2-2. Expression of recombinant phytase

in some sesame hairy root transformants

line phytase activity (unit/ml)
control 0
1 43.21
2 55.37
3 275.33
4 16.16
5 112.89

3) 3AAY EAZ cell lineF 7|1 BE 2FAT
(7}) Sucrose¢t DMSOA g A=}
At 95 3 PR BT cell lined XL71 }—71%—% M I s
|2ARS #3 Aok obdlle & 2-304 uEhy g
= vk} 2ol DMSO (dimethylsulfoxide)& w50 & z%‘ﬂ }L A Btk sucrosest

1F—

2802 A st Aol hairy rootd] WE A Ad3 &3A ozt Aol ¢
SHIAT B vk olygl DMSO9 A Algte] AE BT Aol dadHe F
AE BoFATh 183 sucrose?] A4 FXE DMSO9 A 713k A3 A
dol A& AR FHENoH, 5% DMSOS F% oM 1-2¢ 2+ Agd 49ole
5%9¢] sucrose =7t M EaA olghs AR o] FolA HoFal Ak o] 3tollA

SE Aot ole b 48w FAA 4 /zA9 4ges v wA A
e 9% datamA obF Fo UY Anz B84 dvkn AmdEd B e
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Al joreactor®=4 1 &4 =ol7] 93
frlAQl Wol7h Aol A7A s el cell line®] 714 mE /)&
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Table 2-3. Effects of DMSO and sucrose treatments on growth of

transformed hairy roots

DMS0 Sucrose (%)
treatment
(day) 0 3 5 6
(survival %)
1 0 1.73 1.71 1.77
(0) (50) (100) (100)
5 0 1.64 1.75 1.78
0) (100) (100) (100)
3 0 1.57 1.48 1.24
0) (100) (100) (100)
A 0 1.06 1.26 1.29
0) (50) (100) (100)
5 0 0.41 0.61 0.58
0) (33) (100) (50)

*. Value indicates fresh weight in grams and the number in

parenthesis is the percentage of survival

(b stety A=eh 2 35 A2
23 Ao 98ty g Anpes oy 2-7, a7 2-8, Oy 2-9 ¥

2-40ll A 2 HolFa vt 2§ 2-7¢ vEbd wkek o] 4 °Co sE 2 wEellA
757 AP FolA 30%9] SFEMED 4% DMSO &3 A2l FollA 71 w2
’Ft9] biomass A && HAFAI, 2A X T5%=A A FFolA
kth (Table 2-4 ). wrdo] 50 °C 100 °ColM HEAAE A$ole 4w

T cell lineEo] % 2484 3kt (Table 2-4 #x). webx] 2 Ao Az
A B Fa 9= vhel o] FAAF A BT cell line?] F7] HE WHe

AR e 30%9] FUAET 4% DMSO EE Solo] RALS Polq oA

=<1

o o
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/5]—
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YeA7iw aaHer BET ¢ gine Aol ¥ dEE
sto] AFHAT. 2 SAES] @5 A2 79k DMS09 &5 o A2 Tl
XX o] Aol A HA ehgkon, ofn}

-
-= =
Looldd Aol g o] 84 SAE Buh o Ak e AFS Foto] AE ook

Table 2-4. Effects of mixted treatment of DMSO and glycerol on growth of

transformed hairy roots

Melting Glycerol(%)+ 4%DMSO
temp.
) 0 10 20 30 40 50 60
(survival %)

4 0 0 0 1.98 1.74 0 0
0) (@) (@) (75) (50) (@) (@)

15 0 0 0 1.54 1.36 0 0
) ) 0) (25) (25) ) )

30 0 0 0 0.72 0 0 0
0) (@) (@) (25) (@) (@) (@)

50 0 0 0 0 0 0 0
0) ) ) 0) (@) (@) )

100 0 0 0 0 0 0 0
0) (@) (@) 0) (@) (@) (@)

*. Value indicates fresh weight in grams and the number in

parenthesis is the percentage of survival
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Fig. 2-7. Effects of DMSO, glycerol, and mixture of DMSO and
glycerol on growth of transformed sesame hairy root cell lines
melted at 4 TC.

A 4% DMSO, B: 30% glycerol, C: 40 % glycerol

D: glycerol 20% glycerol + 4% DMSO

E: 30% glycerol + 4% DMSO

F: 40% glycerol + 4% DMSO
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Fig. 2-8. Effects of DMSO, glycerol, and mixture of DMSO and
glycerol on growth of transformed sesame hairy root cell lines
melted at 15 C.

A 4% DMSO, B: 30% glycerol, C: 40 % glycerol

D: glycerol 20% glycerol + 4% DMSO

E: 30% glycerol + 4% DMSO

F: 40% glycerol + 4% DMSO

G: 50% glycerol + 4% DMSO
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Fig. 2-9. Effects of DMSO, glycerol, and mixture of DMSO and
glycerol on growth of transformed sesame hairy root cell lines
melted at 30 C.

A 4% DMSO, B: 30% glycerol, C: 40 % glycerol

D: glycerol 20% glycerol + 4% DMSO

E: 30% glycerol + 4% DMSO

F: 40% glycerol + 4% DMSO

G: 50% glycerol + 4% DMSO
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A3 FAAS B mATY 5&F WY& AR

1. 3248 A 2329 biomass AFH} A= FFo] Jetola] @A
Akl mAE W FF

7h 278 e 2 Y

Autd © 2 hairy rootd] WY Folle Ho wWzetA WSl A EFol
7] o] ¥ AFHA AR e JAdS HES ] st T FH e AHE
FdsIA ol & fste] & Ay Folle AFKHQA W F2US AP, gE 3 A
g2 FolA = AEAQ o 21E Aste] JAY BATE wGFE Fol Ao A
T A2 FFole Bd THS ZAMFgoRA W JIFd #e A AyE g
3t A
2) 9T

7h) Fg23 g 2 A

AN FAE AET Fo 26 °Co AY oA oAl A ojdAEE i

Skr}, o]oj A koA AFEH HH O R Agrobacterium rhizogenes= AF-£3te] Z) 9]
HiSol EA Y BEAASS I53 us, A A3 FEASAE MS uj A el A
Akate] 4-6 mm Hol® Zepa FebsA ket Eebaa WS 918k 500
ml Z22=39] 200 mle] MS HA wiAE FojA Zepaa W o R ARGt
Tt KA BATS W] ZALERAR b2 ato] wjdstanh. W] AR W
T AR FREJeH, g Ay Folle AFAHoR ¢ xUReR A2d
23 w7 A, 28 & gl dAFH R UE AN E Feaa
1ol A Z+zh A Wb o 7 &lo] wjekalgl o ©e] FXE sucroseE 3% 5% E

77t @7eh g,

pul

Z A o2 o

2 03 E rlo

ol
-

1}) Biomass A4 333 dEtolA Y &3 AU

7 242 biomassE=A 2 F3 Aol A paper towel® &2 A|AT
o] fresh weight baseZ ZA3lo] Al WEEoA Aojx HiF A2} standard error
deviation& FAAFE=Z A ASA T

g etolAl o] &4 FAHES 9ste] wigE wiAE A o AT o
S RHE 50 ulE AF ko] ZEelotAl &4 (0.1 M sodium citrate pH 5.54
buffer €] 5 mM sodium phytates =) 450 uloll 7}sle] 37 °ColA 30 &
WS- A ZIckS-o] 500 ple] 15% trichloroacetic acidE # 7}ste] 3 elola) o] &4 %

4
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010
2
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S Z2AANAY. ololA 4 ml9 ammonium molybdate &N (ZHFEA 6 N T &2
Soix A 10 ml9 10 ml9 25% ammonium molybdate &2 FA)3 10%
ascorbic acide A= &37g Fof 50 °CellA 20 b ¥kg3gt th5 Ago=w 25
w3olA 820 nmo| #FFEAR ZEOLAY &S St EetAlY &4 T
= 1 mle Wi g8 7|Fo® dte] 25 pmol? sodium phytatedl A 7 H =
inorganic phosphorus’t %9 1 nmol®] feElHe] 4oE 49 &S FElolAY &
a2 g4 9= AASEATH

o
-

[ e
1) #7 249 biomass AR vlx&= 2o Fg
7 BFTte] biomassA el WA= Yo 9IS AESH] st FE A

Aol g dAA] A= okl 3 3-1o AASA dEbY 9

3-1. Effect of light condition on biomass growth and phytase production

Sucrose Biomass growth (g/fw) Phytase activity (unit ml™)
concentration Dark Light Dark Light

3% 5.07+0.16  0.06+0.03 35.20+3.97 18.06£2.55

5% 11.7242.29  1.19+0.28 129.00+37.37  69.70+0.88

Mean values = S.E. The biomass growth and phytase activity were
measured after 5-week cultures.

$] Table 3-1°4 YEld wEe} o] sucrose 3%2 FZolMe= oF 2719 4% fresh

weight gram % 5.07+0.16¢] A% &%= biomass® AB#&o] VeI, 5%9 sucrose

E HUlsle ASde 117242299 AAS RAAFow, 3% sucroseX 7l ]3|

A oF 5 H o]49] biomass Aol uEREiTE Wk AELZQl WS FAlSto] Hl ¢

3k A 9ol= 3% 5% sucrosex ] T+ EF biomasse Aol wlg =T ARS)

A Aol Aol AAHE AFS HoFATE wpghA] o] A¥E &
S

uf| A=
9] biomassA S AN T AE5HQ oF 2700 BeHolgts AR o] EJAHSIT
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2) A8 A= #Fo| YErorA "3"}"1] HA= Yo 9F¥
A z3 Zgo] FEefolAlo]l oEiA FAATE FAe moadTe] WwEHo@ WA
o] g AEow FuHlHo] e Hgol J]E‘ro}%ﬂJ Aatel] wAl= Yo JEgE
AREE Aotk 919 Table 3-1014 & wept ok o] oA ®ojFi= uhel o] o
Hroz HUE zAEAS W 3%° sucrosed7he] gl I ERotAle] A o]
nn

18.06+2.55 unit ml' 24 A%H oF AR WL w wr} of Auk o
itk Wreel 5%9] sucroseE iAo H7lete] AL om WG zALEte] wlYE AL
7Aoo v EfolAle] B4 o] 69.70+0.88 unit ml'E LERR o AL oF x
Aoz wFade Aol FAutolde Aol o F o owl AR e 4
(129.00437.37 unit mlI')e ®ef Fo}h webd oledt AnZ EgH oz wusl
o 2w Az FHolE A mAToz wjgstE AgddE 5
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3 Mg wlF 2% 2 sucroses T A

7hH 32 =
Az wFol vetoAlz FAAGE o] BT wig2 flollAM A
HE Y 34 e FHArh BATe g 2522 20 °C, 26 °C % 30

5

Ack 28 7t 2% HE sucrosed] F&

= 1%, 3%, 5%, 7% H 9%° &2 H7IF S &2 sucrosed <=5 A8k, 7+
Fol o WEFE A wEon ol Asdr 4 Ae Tum 34

g e @AM (45 cmel Zel) AMatel 200 miel MS A WA} &

U= 500 mle] Seh=o] Yol A&KHl oF oA wjketo] vl 2541 E A

< iomass AT Ax3 FFo] 3 ElolA

(e}
S =A% Z+ Ay 79 HT A9 standard error deviation®] FXE =7
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W) 24 biomass BF5FH 3 I EtotAl o] &4 FAWY

A B biomass A AL Aok 2 WwHoer F4ste]

fresh weightZ UEhiglom, sletelle] B4 Z4% 2 Ael FolA AAT wjg
2 94 Beldtel dojn T AL Abgstel flold AFE W FAW PPoE

A=F ol sAetolale] FAol Z4H AT

4. A7d%
#Fgo] AxF Aol FAATH BN BYDS
WA E lgebAl el B3 A BHL AN AxT Aol E Yaray

1l = = LA ]
A= BATe] wlYg 2ol dds] Fasith ol vy 2 FoAAE ALY
W 259k ol YA source® o] 85w @O wE7F 7HE Fash vl QlojmE o
59 HA w2 AS B Ao HESAC

1) 2429 biomass 4% SebebA] Pk wxE wWF xe] 9
B oAge] Anz 2 oo uF LEE Azg gl Fcteldz FAAn

il

T =
W70 BT biomassel AP AzF welelAe] W@ $E FF& vAvE

=

AEe 95 7 AT BT EeaAe] WG 2528 20 °C2 Ad wg Tl

M dAAS Ao o] biomass Aol Ao dojubA] sks ooty A
3

3 g
%3 Zo] ylElolAle]l WEE Aol ZFurE otk 2 26 °CeF 30 °Cel Wk &
s Ad = PAAE B7)e] ZA biomasse AF W ool (1Y
3191 ASH BE 2), el Moy 4ud el Axd wgel dehop
oh (27 3-29] Ast BE #Hz). o] dF AuE Bz 3o
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Fig. 3-1. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different
temperatures in MS media supplemented with various sucrose

concentrations during 7 weeks cultures. A; cultures at 26 °C, B; 30
°C. Each value is the mean of three replicates SE.
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Fig. 3-2. Activity (units/mL liquid medium) changes of phytase

protein secreted into liquid MS media supplemented with various

sucrose concentrations and held at different temperatures during 7

weeks cultures. A; 26 °C, B; 30 °C. Each value is the mean of three

replicates SE.
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9] biomassA 3 I EtolA o Ao X = sucrose FE FF
FAAT BALY] WS Tt A duldo ofx tiatEA
= Arbsts A W oty AExF oy AEY AEE wdete AR T
FE sucroseﬂ &3] 2853 At Sucrose WA UolAl HA &3
2] & = F Aol Wit A EE AEX
UTH 2 Aol PFAHS e Ao I
o sucrose’} AF&F AL, f‘é’é;ﬂL el B 1
g efobA] G de] g&4 AS 9% AA sucrosed] T #ek A
t} o]l 4 5 FF/F9 sucroses® (1%, 3%, 5%, 7%, 9%)= A&t om, ol
A3 A= 2§ 3-13 320 ZF yEd ok ol ZHEdA HAgFa 9
Zo] sucrose®] FEol welA FAHI FA BAFT] biomass A WS A
3ol dEobA %‘ﬂ@«] AAEE sucrose®] Fol wel AASHA Aolrt Q)
FAS veb o 9tk 26 °CY vl %ol A 5%9] sucrose FEE H7leto] )
FAS HFole= FEAS A 249 biomassAE (189 g fresh weight/flask)?}
%3 F3o] yEtolA] wrula el AAF (581.9 units/ml liquid medium)O] 7 =%
ob. dkde] 30 °Co] WY 2Tl A& 3%9F 5%9 sucrose FE9 7 AHE F BT H|
2%t ZAHAE BAFAY (232] biomassA S 249 g fresh weight/flask; A %
3t F3o] yElolAl @A o] AMARS 510.1 units/ml liquid medium). ©]# 3 23
il
A

L)

5ol
2 = o FEASE e A g A2 o] dEtobA dud e 384

S 93 sucrosed AHA 737} FEE 3%-5%AFolel Stk AME S Eoi—zri’ 3

o &
w4 i [e]

i A z7 Fgol AE}OM] whulg o] AARS RAFe] wjF 7]gbel whEbA sucrose

s R ggg s os AMES BojFa Qv o] " sl ¢St 5574

o wjgolA = uwj %7 HH%W]Z_} Fetell= BT sucrose FEOA FA BAF
biomass A& ANxF FFo] FetobA T S 26 °CollA Hri= 30 °Ce
HjQF el A kot wjek 7lgbo] Aol whEbA EAFEo] biomass 873t
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Fig. 3-3. Effect of culture medium on biomass growth (grams fresh
weight/flask containing 200 mL medium) of transformed sesame
hairy roots cultured in 4 different media supplemented with 3% or

5% sucrose levels and held at 30 °C. A; 3% sucrose level, B 5%
sucrose level. . Each value is the mean of three replicates SE.
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Fig. 3-4. Effect of culture medium on production (units/mL liquid
medium) of the recombinant phytase proteins secreted into 4
different media supplemented with 3% or 5% sucrose levels and held

at 30 °C. A; 3% sucrose level, B; 5% sucrose level. . Each value is
the mean of three replicates SE.
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Fig. 3-5. Comparisons of increase rates in biomass growth (grams
fresh weight/flask containing 200 mL medium) of sesame hairy roots
(A) and production (units/mL liquid medium) of phytase protein (B)
at one-week intervals during 7-week culture periods of the
transformed sesame hairy roots. Increase difference was calculated
using this expression,

Increase differences = mean values measured from the culture
periods (weeks) in question mean values measured from the

previous culture periods (weeks).

Each value i1s the mean of three replicates SE.
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Fig. 3-6. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different Jasmonic

acid concentrations in MS media during 39 days cultures. Each value
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1s the mean of three replicates=SE.
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Fig. 3-7. Activity (units/mL liquid medium) changes of the
recombinanat fungal phytase protein secreted into liquid MS media

supplemented with various Jasmonic acid concentrations during 39

days cultures. Each value is the mean of three replicates+SE.
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Fig. 3-8. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different PEG

concentration in MS media during 39 days cultures. Each value is

the mean of three replicates+SE.
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Fig. 3-9. Activity (units/mL liquid medium) changes of phytase
protein secreted into liquid MS media supplemented with various

PEG concentrations during 39 days cultures. Each value is the mean

of three replicates=SE.
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Fig. 3-10. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different silver

nitrate concentrations in MS media during 39 days cultures. Each

value is the mean of three replicates+SE.
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Fig. 3-11. Activity (units/mL liquid medium) changes of phytase
protein secreted into liquid MS media supplemented with various

silver nitrate concentrations during 39 days cultures. Each value is

the mean of three replicates+SE.
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Fig. 3-12. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different KH>PO,

concentrations in MS media during 39 days cultures. Each value is

the mean of three replicates+SE.
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Fig. 3-13. Activity (units/mL liquid medium) changes of phytase
protein secreted into liquid MS media supplemented with various

KH>PO,4 concentrations during 39 days cultures. Each value is the

mean of three replicatestSE.
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Fig. 3-14. Changes in biomass (grams fresh weight/flask containing
200 mL medium) of sesame hairy roots held at different SNP

concentrations in MS media during 39days cultures. Each value is

the mean of three replicates+SE.
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Fig. 3-15. Activity (units/mL liquid medium) changes of phytase
protein secreted into liquid MS media supplemented with various

SNP concentrations during 39 days cultures. Each value is the mean

of three replicates=SE.
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