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SUMMARY

I. Research Title
The development for mass production method of D-psicose as substitute sugar using novel

enzyme improvement and microorganism screening

II. The Objects and Results of Research

Patent Products Paper
Registrati
Classification Aopli . . . L on of ect.
pplicat| Registrat | Registration | Permission( Pre-Product [Microoreal  SCI Non-
ion ion (submit) submit) nism g SCI
Object 2 1 1
L A e I ettt Bt B it ittt Bt teieted Bttt
Result 5 1 2 0
Second | Object 2 1 0 1
Year | Result 3 1 1 0
Third | Object 1 1 1 1 1 0 1
Year | Result 4 2 3 2 0
Object 5 1 1 1 3
0] | B e e TR B e s B e Rt Bl
Result 12 3 1 4 5 0

Ill. The Objects and Needs of Research

1. The Objects of Research

® We investigated the process of biological production, including as development of novel
D-psicose 3-epimerase and optimization of production process, for psicose with anti-adipogenic
effect.

® Demostrate the efficacy and safety of psicose prototypes

2. The Needs of Research

® To pirsue health-oriented diet, modern people wanted to low-calorie and physical functional
sweetener instead of sugar.

® Now a day sweeteners being replaced by a sugar substitute that is focused on low-calorie main
focus function.

® We are want to developed psicose not only has the characteristics of a similar sweetness and
low calorie, anti-adipogenic and hypoglycemic effects.

® The industrialization of psicose through biological reaction will give a lot of help in the diet of

modern man that is exposed to a lot of high-calorie substitute for sugar in the food material.



IV. The Contents and Scopes of Research

1. 1st year (2013year)

The Scopes of Research

The Methods of Research

Detailed Contents

Microorganism screening

from environment that have

The selection of

microorganism at

surviving
food

cultivated

soil,

ect. when it was

the

enzyme that have psicose

® Secure recombinant

production ability.

® Security of Psicose|  psicose production ability using psicose as sole carbon
production Microorganism source.
) ) ) ® Evolution of microorganism
Evolution of microorganism ) o
using UV, y-ray irradiation.
® Constructions of target
) . recombinant gene using Blast.
Gene screening using o
. ) ® Compared activity of]
bioinformatics ] ) )
D-psicose 3-epimerase using

E.coli expression system.

system in  C. glutamicum

Improved activity of enzyme|® Improved expression enzyme
using error-prone  PCR, level.
rational design, point|® Increased activity established
mutation and saturation|  through the optimized enzyme
mutation methods reaction condition.
® Promoter screening in C.
Construction of D-psicose|  glutamicum
® Seccure the GRAS ) ) ) )
. ) 3-epimerase expression|® Established D-psicose
microorganism

3-epimerase expression system

in C. glutamicum




2. Second year (2014year)

The Scopes of Research

The Methods of Research

Detailed Contents

Selection promoter that it was

syrup production).

® Industrial development for| satisfied to meet both the
® Explore high level] recombinant C. psicose production activity and
psicose  production|  glutamicum. thermostability in recombinant
conditions for| - Selection of optimized C. glutamicum.
recombinant C.|promoter, physical and|® Before cell  immobilization,
glutamicum. physicochemical treatments for| physical and physicochemical
free-cell. treatments  for free-cell
(Improved cell permeability).
Investigation  of  high  cell
i density culture methods and
® Study of maximal cell o i
) ) ) optimization of culture media at
@® Establish optimall mass production at SL _
) SL fermenter for C. glutamicum
fermentation| fermenter ) ) )
o harboring D-psicose 3-epimerase
condition of|® Study of scale-up
ene.
recombinant C. conditions at 30L 8 o L
Investigation of optimization for
glutamicum. fermenter. (confirmed 5L ) ) )
) industrial culture media.
fermentation) ] o
Establish of operated conditions
for 30L fermenter.
Design of bio-reactor using
® [nvestigation off immobilized bead including
® Establish psicose| immobized methods and] Non-GMO or GMO
syrup production bio-convertion (psicose|  microorganism.

Maximum conversion

Improve stability

® Establish high-purity
psicose syrup
production

of
condition using FPLC and

Study separation

crystallization condition.

Optimization of crystallization

process.




® GMO microorganism

safety assessment.

Safety tests of C.

glutamicum
D-psicose
gene  and

enzyme.

harboring
3-epimerase

its  product

Blast of enzyme amino acid
sequence : Search of allergen
& toxicity

Physical chemical safety of]
enzyme(D-psicose 3-epimerase)
Gene analysis

Dose escalation oral toxicity

study of d-psicose in mice

and allergenicity assessment

_10_



3. Third year (2015year)

The Scopes of

Research

The Methods of Research

Detailed Contents

aberration test, 90 days repeated

dose toxicity test

Shelf life tests

® Establishment of pure psicose
powder production process though/® Design of continuous process pilot
optimization ~ of  pliot  plant| plant
® Pre-manufacturi  construction. ® Pre-manufacturing of 98% psicose
ng of psicose| - Purification of psicose using SMB powder.
goods - Crystallization using solubility ofl® Pre-manufacturing of 95%, 50%,
difference. o .
) . 25% psicose syrups
® Pre-manufacturing of psicose sugar
- As grain-size ® Pre-manufacturing of psicose sugar
- As dry condition & method
® Evolution of psicose production o )
) ) ) ® Optimization of RBS(ribosome
Evolution off  microorganisms . . . o
) . . ) binding site) : Using site-directed
psicose - GMO microorganism : evolution )
) metagenesis
production|of promoter. o
_ _ ] ) ® [Investigation of novel promoters
microorganisms | - Non-GMO microorganism uv ,
® Natural random mutation
treatment
® Standardization of powder and
syrup goods.
® Sing Oral dose toxicity study in o )
® Standardization of 98%  psicose
rats and beagle .
Study of] ' ) powder, 25%, 50%, 95% psicose
i ® In vivo micronucleus test,
psicose . . syrup.
bacterial reverse mutation test, In )
licence ) ) Safety tests of 98% psicose powder.
vitro mammalian chromosome

Shelf life tests

_11_




V. Research and development results

Division
(Year)

Details
Project Title

Details research goals

Achieve
ment(%)

Research Content

Ist year
(2013)

Second
Year
(2014)

3rd year
(2015)

® The establish of cell coversion condition

using environmental derived microbial.-

100 500g/L frucose to 150g/L psicose (30%
convertion ratio)
® Evolution : increased 7-fold activity
o ® Charaterization and evolution of]
The acquisition and )
. recommbinant enzyme
evolution of novel o
. . . 100 |- CDPE Thermostability:increased 10-fold
microbial with ) .
. . - TDPE expression level increased
ability  conversion
fruct . ) 10-fold
ructose fo psieose ® The establish of expression condition
and transformation at GRAS
T h e 100 . .
microorganism
devel t .
evelopmen - 28~30% Expression level
for mass 100 ® Preparation of permitting for GMO
production microorganism for commercialization
method  of] ® Fermentation condition of]
D-psicose as|® The optimization 100 environmentally harmful microorganisms
substitute| and production and GMO enzyme harboring psicose
sugar  using co'ndmons for conversion activity (5L)
n o v e ]l PsICose 3- 100 ® The establishes of immobilization
enzyme epimerase condition
improvementf Ccontaining 100 ® The establishes of psicose syrup
a n d| microbial / enzyme production process
microorganis Safety study for ® The establishes of high concentration
m screening G M ol 100 psicose syrup and powder production
microorganism process
licensing 100 ® The study 'for GMO microorganism
safety evaluation
100 ® The purification and crystallization of]
psicose
100 |® The optimization of pilot plant
Psicose product| 100 Production of psicose prototype
prototype g ® Production of psicose harboring sugar
production P roto.typ © -
100 Specification of prototype
100 Safety test of prototype
80 |® Stability test of prototype

_12_



VI. Research results and utilization plan

item Reseach results Utilization plan

® GMO microorganism

- Using to GRAS Corynebacterium
glutamicum as a host.

- Recombinant D-psicose 3-epimerase
from Clostridium scindens
psicose production | - Economic verified ® Sclf-technology
microorganism/enzyme | - Food raw materials ensure complete implementation
safety research(In progress of GMO
microorganism safety evaluation)

® Non-GMO microorganism
- In progress of temporary food

ingredients

. ) ® Used as the design data,
® Establish mass-production process ) »
manufacturing facility

picose
® Safety test

) 20% syrup prototype ) )
Psicose prototype ® License acquired for
50% syrup prototype

commercialization

90% syrup prototype
o Syrup p M ® Provide applied research
98% powder prototype

sample

_13_
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Chapter 1. Introduction of Research and Development Project
Section 1. Introduction of Research
1. Need for research and development
2. Scope of research and objectives
Section 2. Research Performance against Goals
1. Patent
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Section 1. 1st (2013 year) Contents and Results of Research and Development

1. Established of D-psicose conversion using free cell reaction and production microorganism
evolution
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3. Characterizations and evolution of recombinant enzyme

4. Evolution of D-psicose 3-epimerase (TDPE) from Treponema primitia ZAS-1

5. Established of transformation and expression condition for GRAS host
(Corynebacterium glutamicum)

6. Preparation of licence for commercialization

Section 2. Second year (2014year) Contents and Results of Research and Development

1. Screening of fermentation condition for Non-GMO and GMO microorganism
2. Production D-psicose syrup using immobilized cell reactor
3. Study for supernation condition of D-psicose using FPLC

4. GMO microorganism safety study

Section 3. Third year (2015 year) Contents and Results of Research and Development

1. Established of purification and crystallization of D-psicose
2. Design of continuous D-psicose production process
3. Production of D-psicose syrup and powder

4. Specification
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5. Prototype safety

6. Premium sugar including D-psicose
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Section 1. Level of achievement for research objective

Section 2. Level of contribution in the food industry

Chapter 5. Outcome of Reasearch and Development and Plan for Practical Use
Section 1. Commercialization

Section 2. PR

Section 3. Patent

Section 4. Additional research, used in other research projects

Chapter 6. Performance Lab Safety Management Implementation
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Synthetic Gene
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24, A7 FIE ojn] 27

53] A A A
T 144 d
=9 | 52 |SAAS) EMAE)| AAE 5= SCI | HISCI
23 2 1 1
o e e T E T S e e
94| 5 1 2 0
2y 2 1 0 1
P R L e e S e e ST e
94| 3 1 1 0
L | 1 1 1 1 0 1
R o e T L e
94| 4 2 1 3 2 0
23| 5 1 1 1 1 3
I S T T T e S
94| 12 3 1 4 5 0
1. 53

(1) D-Atol =2 o m M3} G4 9 o] o] &3l Abo]= 2 AJabuby 10-1318422 (13.10.8)

(2) Aol STms Ea W o] o] G Ao|TAT AB/E 2AE 10-153909
(15.07.17)

(3) Aelzmz: ol3m3} EAE FEFSHE B IelentolS B o] o gt Aol
AR 10-1539097 (15.07.17)

. 2924 97)

(1) Abo]Z2s 3ol pls} HAE o83 FFL HE Afo]:zo] AW 10-2012-0149908

(13.08.09)
(@) Aelzmz ol mE TaE FBHIE ETIHLECE D o|F o] &3 Aolm
A4 10-2013-0164686 (13.12.26)

(5) ZE Ut Bl & 755 o] &3 AlolZ 2 A4 10-2014-0142930 (14.10.21)

S

(6) Atol 2~ T M3} FAo] WH A~ o] Z o] &3} Alolz 2 AYAF 10-2014-0149019
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(14.10.30)

(7) Aozt Az

10-2014-0196040 (14.12.31)

8) #rd B AAsIF HdE AolFs EFT 2A4E 10-2015-0068296(15.5.15)

(9) AtolZzs o umsl Fae] A A2E g o] o] &g Aro]Z 29 A4t
10-2015-0072090(15.5.22)

. =9 &9 27M)

(1) AbolZ 2 st as 9 o] o] &3 Ato]ZxE & =HE (201380041822.8)
(13.08.09) S=Z4

(2) AtolZ 2~ w3t G40 Id A2El G o]F o] &3 Ato]I 2 AYAF 14/927,731
(15.10.30) "= =¥

2. PCT 2¢ )

(1) Aoz oo m 3t a40] B AlzHl g o] o] &3k Ao]Z 2 A4t
PCT/KR2015/011595 (15.10.30)

2. AAE

7t #7F (AE) : GMO "AE bHAY HIt

(1) 37} i : GM A8 E SYG321-C

2) SI7F71E - AFFEFSAH L A A2 F 3

(3) AAANH - F AATE - 2 eFA

ol AAIH - A, 5314, T34

(4) AAPRS QA sl BTE BRIt

(5) A&7 AZE ;2015 99 30¥, A4S ¢ 20151133214

(6) GM "1 & SYG321-C /M 53
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(WD) =5 : Cayndacterium glutamicum ATCC13032
EFotd 5S4, <Rt ¥, #5723 s5HE 5)
53 (Name) : Corynebactarium glutamicum ATCC13032
Al (Kingdom) : Bacteria
& (Phylum) : Actinobacteria
7 (Class) : Actinobacteria
o} (Subclass) : Actinobacteridea
& (Order) : Actinomycetales
3} (Family) : Corynebacteraceae
< (Gneus) : Corynebacterium
< (Species) : glutamicum

4§ R BFNF AR opulal WEA AGHE S5

Aol +HEe FAAE B 2EY : gl=
(AT A B F5 0 EF AA Aol A FAN oA} thARFESR] opH|eAtE

Al (Kingdom) : Bacteria
i (Phylum): Firmicutes

7 (Class): Clostridia

= (Order) : Clostridiales
¥} (Family) : Clostridiaceae
% (Gneus) : Clostridium
% (Species) : scindens
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W AAE - F VN AF ARZNFA, AR PHA)

1) AAE EF
T

A%, Al

(2 AF4HA

Abol= 2 20% ol A HE,

22 98% 0|

(7h Arel=Z 2z 20%017 Al Y

Aol 52 50% ol’d Al¥, AbelZ 2 90% ©14

Ria 1lot 2ot 3lot
1Y 75 Brix (%)
T g 25%
pH 30 ~ 70
NREENEY 24.63% 25.16% 25.04%
dRb Al (M H1g) =HE =A4E =HE
Arde} =H4E =HE =HE
FA T T EAE == ==
o & =A4E =HE =HE
3 0.00% 0.00% 0.00%
k] 0.0095 mg/kg 0.0048 mg/kg 0.0063 mg/kg
H| & 0.0071 mg/kg 0.0014 mg/kg 0.0024 mg/kg

(L) Abol=Z 2 50% ol A ¥

= 1lot 2lot 3lot
1P E FF 75 Brix (%)
T g 25%
pH 30 ~ 7.0
Ao) 2~ eF 53.37% 53.22% 54.95%
ARE Al (A H1g) EAE EAE EAE
abmd gt A= EAE EAE
A L AT EAE EAE EAE
o+t EHE EAE EA=
3] 0.00% 0.00% 0.00%
k=] 0.0040 mg/kg 0.0033 mg/kg 0.0074 mg/kg
H] A&

0.0015 mg/kg

0.0015 mg/kg

0.0024 mg/kg




(th Akel= 2~ 90% ©14 A

0.0006 mg/kg

S 1lot 2lot 3lot
I1PE FF 75 Brix (%)
T I 25%
pH 30 ~ 7.0
Atol 2~ ghHaF 95.90% 95.25% 96.19%
dut Al (A "H1g) EH=E 4= 4=
2 g} EH= 4= EH=
A S AL EHE EHE B4
o B4 4= 4=
35 0.00% 0.00% 0.00%
k=] 0.0024 mg/kg 0.0021 mg/kg 0.0028 mg/kg
H] A& 0.0011 mg/kg

0.0018 mg/kg

(BhH Ael=Z 2 98%0)d B
& 1lot 2lot 3lot
T g 0.15% 0.16% 0.14%
pH 30 ~ 7.0
Aol 2~ dhEF 99.44% 99.03% 99.43%
=2 20 X 10° 27 X 10° 20 X 10°

et =HE =HE =HE
R =HE =4ZE =Hs
o gt ey =HE ey
3 0.00% 0.00% 0.00%
g 0.0065 mg/kg 0.0054 mg/kg 0.0017 mg/kg
H| & 0.0027 mg/kg 0.0059 mg/kg 0.0062 mg/kg
3. #dAY 55 : 54

e w5 Nes | rgdn
1 Escherichia colFpETCDPE-SYG321 KCCM11406P | 2013.03.29
2 Ensifer adhaerens SYG29 KCCM11405P | 2013.03.29
3 Coynebacterium glutamicum SYC321-C KCCM11593P | 2014.10.29
4 Ensifer adhaerens SYG29M KCCM11652P | 2014.12.24
5 Microbacterium foliorum SYG27B KCCM11774P | 2015.09.24




BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

To. Samyang Genex

265 Yonji-dong, RECEIPT IN THE CASE OF AN ORIGINAL

Chongro-gu, issued pursuant to Rule 7.1 by the
Seoul 110-725, INTERNATIONAL DEPOSITARY AUTHORITY
Korea identified at the bottom of this page

1. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR : INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichia coli-pETCDPE-SYG321 KCCM11406P

0. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under T above was accompanied by:
[ a scientific description
[J a proposed taxonomic designation

(Mark with a cross where applicable)

. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on March. 29. 2013. (date of the original deposit)!

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature(s) of person(s) having the power

to represent the International Depositary

Address : 361-221, Yurim B/D
Hongje-1-dong
Seodaemun-gu
SEOUL 120-091 Date: March. 29. 2013,
Republic of Korea

Authority or of authorized official(s):

' Where Rule 6.4(d) applies, such date is the date on which the status of international “depositary authority
was acquired; where a deposit made outside the Budapest Treaty after the acquisition of the status of
international depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authority.

Form BP/4 Sole page



BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

r Ei
To. Samyang Genex

263 Yonji-dong, RECEIPT IN THE CASE OF AN ORIGINAL

Chongro-gu, issued pursuant to Rule 7.1 by the
Seoul 110725, INTERNATIONAL DEPOSITARY AUTHORITY
Korea identified at the bottom of this page

[. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR : INTERNATIONAL DEPOSITARY AUTHORITY:
Ensifer adhaerens SYG29 KCCM11405P

. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
[J a scientific description
[] a proposed taxonomic designation

(Mark with a cross where applicable)

[I. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on March. 29. 2013. (date of the original deposit)!

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature(s) of person(s) having the power

to represent the International Depositary

Address @ 361-221, Yurim B/D
Hongje-1-dong
Seodaemun-gu
SEOUL 120-091 Date: March. 29. 2013.
Republic of Korea

Authority or of authorized official(s)

! Where Rule 6.4(d) applies, such date is the date on which the status of intern_ai:ibi’ial’ dépositary authority
was acquired; where a deposit made outside the Budapest Treaty after the acquisition of the status of
international depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authority.

Form BP/4 Sole page



BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

r |
To, Samyang Genex
aks, Yong-dong, RECEIPT IN THE CASE OF AN ORIGINAL
Chongro-gu, issued pursuant to Rule 7.1 by the
Seoul 110-725, INTERNATIONAL DEPOSITARY AUTHORITY
K identified at the bottom of this page
orea
[ =4

[. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR INTERNATIONAL DEPOSITARY AUTHORITY:
Ensifer adhaerens SYG29M KCCM11652P

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under [ above was accompanied by:
[0 a scientific description
[J a proposed taxonomic designation

(Mark with a cross where applicable)

IM. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on December. 24. 2014. (date of the original depaosit)’

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature (s) of person(s) having the power

to represent the International Depositary

Add ! Yurim B,
oo wrim B/ Authority or of authorized official (s) :

45, Hongjenae—-2ga-gil =
Seodaemun-gu = g %E
SEQUL 120-861 Date: December. 24. 2014. Eﬂlwé
Republic of Korea I._—T_'__la Saue
! Where Rule 6.4(d) applies, such date is the date on which the status of imerna%ionallaeadsit’aﬁ: authority

was acquired; where a deposit made outside the Budapest Treaty after the acquisition of the status of
international depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authority.

Form BP/4 Sole page



EURAPEST TREATY QN THE INTERHATIONAL
RECOGNITION OF THE DEFOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERMATIONAL FORM

To. Samyang Genex

SN, RECEIPT IN THE CASE OF AN ORIGINAL
Chongro-gu. jssued pursuant to Rule 7.1 by the
Seoul [10-T25, INTERNATIONAL DEPOSITARY AUTHORITY
Kates identified at the bottom of this page

L = |

I, IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR @ INTERNATIONAL DEPOSITARY AUFTHORITY:
Carynwharteriim glitarnienm SY0321-C RCCM11583P

1. SCIENTIFIC DESCRIFTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under | above was accompanied by
[ a scientific description

] a proposed taxonomic designation
(Mark with a cross where applicable)

M. RECEIPT AND ACCEFTANCE

This Imtermational Depositary Authority acceprs the microorganism identified under 1 above,
which was received by it on October. 29, 2014, (date of the origingl deposit) !

¥, INTERNATIONAL DEPOSITARY AUTHORITY

Mame : Korean Culure Center of Microorganisms Signature (] of personds} having the power
to represent the International Depositiry

fukieige + Yiios D Authority or of authorized official (s) @

45, Hongjenae—2ga-gil
Sendaemun-gu E
SEOUL 130-861 Date: Qctober, 29, 2014, gﬂng
Republic of Korea =i Bl
' Where Rule 6.4(d) applies. such date is the date on which the siames of intefs Sfary authority

was acquired’ where a depesit made owtside the Budapest Treary after the acquistion the status of
international depositary authority is converted fnto a deposit under the Budapest Treaty, such date is the
date om which the microorganism was received by the international depositary suthority,

Form BP/4 Sole page




BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

r 5!
To. Samyang Genex

263 Yonji-dong,

Chongro-gu,

Seoul 110-725,

Korea

RECEIPT IN THE CASE OF AN ORIGINAL
issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the
DEPOSITOR :
Microbacterium foliorum SYG27B

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:

KCCM11774P

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

[J a scientific description
[] a proposed taxonomic designation

(Mark with a cross where applicable)

The microorganism identified under I above was accompanied by:

M. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,

which was received by it on September. 24. 2015.

(date of the original deposit)'

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms

Address @ Yurim B/D
45, Hongjenae-2ga-gil
Seodaemun-gu
SEQUL 120-861
Republic of Korea

Signature(s) of person(s) having the power
to represent the International Depositary

Authority or of authorized official (s) ©

il
30
S0

5

Date: September. 24. 2015.

(I
ranft
L

u
J(E

T Where Rule 6.4(d) applies, such date is the date on which the status of internafional [de

!
St

k=)

i

obitaryl authority

was acquired: where a deposit made outside the Budapest Treaty after the acquisition of the status of
international depositary authority is converted into a deposit under the Budapest Treaty, such date is the

date on which the microorganism was received by the international depositary authority.

Form BP/4

Sole page

PHR0| Y S 2 E ME]

120-861 A1BA| MUET &MU2712 45 SEYE  Tel 02-391-0950, 396-0950 Fax: 02-332-2859

KOREAN CULTURE CENTER OF MICROORGANISMS

Yoohm Bldg.. 45, Hongjenae 2ga-gil, Seodaemun-gu, Seoul, 120-861, Korea Tel: 82-2-391-0050, 396-0850 Fax 82-2-392-2850
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A2 U ZeidE 43

D-Abo] 5 2+(D-psicose)= S (fructose)e] 3H A9 o I (epimer) EX HEZ HwF S
] 70% P E=E ZEA9H(Oshima 2006) WA= 03% Holl glom @ tho]olE 2
g v EE AE 7Hs3d 7IsAd @8R (Matsuo et al. 2002). =3 L5
of 9 A LS st 7ol o] dRY AL A F, FAE 24F T §&E
Ao, Ao AAFA O Hoste a4 B dAE 7Isel A

o]
5 @ g derns AAAF 5 Ay JIsd AF sl AT 4 AT (Matsuo et al. 2001;

us)

lida et al. 2008; Hayashi et al. 2010; Hossain et al. 2011).
of e BAoE Aolmat MRS UAl ¥ & b 2L 220l Aomat A7
of 53] = EAske @9/ Jadel £5b7] wEdd AFAkdel A& AsiA= A
o|mAE BEHOE NS Pl Basi
71E8] AtolEz ALk o g FE2 S S AA AudE. BEBilk TS &

7]
A oolee Zujatgg olgstel AFolA Aeolmzz A= YU ALY, Wsds

o
sg
W

(McDonald)&1,2:4,5-H-¢-°| A Z=2FR-HE-D-ZFED
-isopropylidene-beta-D-fructopyranose) = FE| 397 9] 31843 X APO = Ao
g =3 =Y (Doner)v ol&HE3 EfiWdoltld A AFS 7HLE Afo] A S A4S
gy ol 3shAH Ak

o] o] A= Tl ATk

H
™
it
o
>

WHells Hlgo] Bo] ARHE W T §82 v I BAEE

AETA Abolis AMTHoRE mAESY AETSS o83t ZHE|E (galactitol), D-
EVIE2 e D-2EE ToE2RH AolZxE A4bste WHol AbE(Ken Izumori). 12
L o] W2 7]"o] Fade &3hr] wiEo] AAAde] glerm YA Aite] &3]
5. 23t 7Hg 583 HHE D-AELL: 3o as 7+ T HFoA Aol A=E

Agste 845 e WY A2 AdA T &3] SAsts F=FAA FHE dEANA

FEAZ EEFS o)dstete] wEoEM AnwAA AARE 7ML 5. 71EC Exd
We&e A22Efts AFEZHYEE HA0)Mu et al 2011), otZZutelg]g FHgAAd

(Kim et al. 2006), +=X12 X3 (Itoh at al. 1994), B XH]F 2F|Eo|t|2 (Zhang et al
2009) o] D-Bp7FEZ 3-ol9msl 48 tidwol Adste] AAS A & FEAS 2
oA EdE D-E7FES 3-ou w3t G248 AREste] HFoA AolZ g bRt
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1. 873 #8 "AE FANSLE Alolax d&axd &Y B FFNF
7y o5 238
MSP platecl] Al AEH Afo] 2 et

ANE ik N
B 16, 17, 18, 48 4
B 28, 46 2
E3 6, 22, 25, 39 4
EH X 0
EY5 10, 18, 20, 25, 29, 43, 36 7
Ed6 15, 16, 26, 27 4
EY7 43 1
EY8 X 0
E9 1, 2,6,7, 8,9, 27, 38, 39, 41, 42, 12

Xl 34
L GO e HE Alo]dx AikdsF AW
AtoliZ2~E HAPOo R HAIete FF 34FLS 1% fructose®t 0.05% psicoses T

Mineral salt A8l x]oll F3}e] 30°
1083 dAEgste dAE 35 5

oz FAE H{AZIT

3
=2
X
2
>
)

e eF AT vl Y2 12,000rpmell A
0.85% NaClZ A& 3}i 50mM PIPES buffer(pH 8.0)

i}

A= FHAE7IE ol&sted A silen, AddA ddEgste] FSHE crude
enzyme2 2 ALE3Ith Crude enzyme 10mM #3-& 7|ZAE AR&3te] 30ToNA 8Tt &
b WkgEtRem TLC £4& F8 1813 2o] #3& Aolazzz H@stes dFE AEs
AT

Poicose
Fructase

Sac

S Ao 2E Z3

riot
P,l',
fr
el
N
H
—
@)
A
Y
i
_\ji
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QL
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N
1o

TLC &4 A#E 7FA 1L Imagej &4

Asg
Me=9lB MAste] 829 FHE AW 4

<
fom, ThE= d5E ALl A 20%01°F
]_

632 MEsAL AME FFE 10

T

oft
o
filo
L

= 3l universal primer 27F, 1492R<S A}-8-3}
o PCRS AAstH o™ PCR 4HES 7FA I 16s rDNA sequencingS A ASIA T A71A<E
T4 Fotd sAHE I Sinorhizobium sp., Pseudomonas fluorescens, Kaistia granuli,
Pseudomonas putida, Microbacterium oxidans, Paenibacillus glycanilyticus= <}13} 3T

7 6 #F7FEH e R BPAAE Ato]AxE ASste dFE A7) 95t u
FE A7) 775 400g/L #F7 1mM B1E o] S FH7gE 50mM PIPES buffer (pH 7.0)&
Qo] B8AF T, 70CANA 6417 S FAS FFe] we-S AA s

Hh-g -2 7tdste] RS BAAZ]AL HPLCE S3te] AtolZ 2~ AJ4kS E1stAth. HPLC

b

#2412 Aminex HPX-87C A o] 2% HPLC(Agilent, USA)S] Refractive Index Detector&

o] 83+91 0.1 (Agilent 1260 RID) £vl= &, 80Tl A < 0.6ml/mino2 &3, 99

o] HPLC &4 = FsiA ARE ol el Aolxg 71 wol At #5 15< AF
AR

A, MeiTaciree s Segram 000 E DRRTC SR D0 L3000 T 10k S O-od 1 0 o001 )
=
=1

50000 - Frl.lcto'\-:t..‘._p

:
|

Psicose

T T T T T T T T T
23 3 ra 1 rd- 1 L i3 0 I % L.

FANL S E3] 155 Ao ZHE Alo]m A YA HPLCEA I ZufE 13

Aol Asks flel HAF AAHE #7159 S-S 8 2F943 API 20NEE ©] 83+
Aslstd EAS glstR e, 16S rRNA AdE £4317] 918l universal primer 27F, 1492R
< AHE8t] PCRS AAISER o™ 1 4= 7FA AL 16s rDNA sequencinge A8 T 165
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rRNA 97|14 2 phylogenetic tree, A3}8t2 EA4

o o= Ensifer adhaerens SYG29% ™8™ 5t}

Ensifer garamanticus ORS 14007
Smorkizobiumarboris LIMG 149107
Sinorhizobium meliloti IMG 61337
Ensifer numidicus ORS 14077

Ensifersojae CCBAU 05684 T

SinorhizobiumsaheliIMGTEITT

Sinorhizobiwnterangae ING 785347

=

Sinorhizobium chiapanecum ITTGST0T
62

— Ensifer mexicanus ITTG-R7T

Ensifer adhaerens LMG 20216 7T

Simorhizobium kostiense IMG 192277

Sinorhize bium bummerowias CCBAU 717147
Sinorhizobiumfredii ATCC 35423 T

25

Sinorhizobiuwm americanum CFNEI 156 T

AHbE Apo] 2 AHAkEF phylogenetic tree &4

LS |

N B A Ensifer adhaerenstt T2 321 5

Y

o By 739 #4 BE 40mg-dew/ml, 500g/L FZEE 2 pH 7.0 24 FolA, &=
Z7& 40, 50, == 70CE 3t follA AAA HAH o= wg& AASAT 7] ¥
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laom, E3) 70C, 6A17F & Alo

ol

2. Random mutagenesisE ©]&% Alo|Z2 H@BA F7} Ensifer adhaerens ¥ ¥

7} HTISE o] &3k Aol 3~ A2k A} F3 AW

=
QO
5
Q.
O
3
=
c
5§
aq
(@)
5
3
L.
i
of
&kr
ot
b
b
£l
N
il
ofy
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>
ox
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ox
o
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oy
i
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N
rlj
ftlo
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I
il
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ol
ol

7] #18kd HTS system= ©]&3tom Atojdz M@ THUS o] &3 fructose
dehydrogenase assay®¥'™H< AF&3F T 96 well plated]l MSP broth® &F3tal UV ¥ 7w}
2 ZF2ZYE HEFsIA 30ToNA 750rpm, 20A13F &<t 8 sk o

X
fllo
N
>
et
o
=
g
ol
ol
2
e

v} &k cell & 50mM PIPES buffer(pH7.0)ell =<1 10mM fructose®t 50C o4 500rpm o= 14|
L E wgsten Wy g8 % 10ulE Hsk 01% triton x-100°] E3E Mcllvaine
buffer(pH4.5) 70ulell Ho ¥-&S AHAAFHG. 7] &Ho] D-fructose dehydrogenases}

potassium ferricyanide 8% @il 37ColA 2023t WEgstal M-S 98] ferric sulfate8Y

N
rE
olo
ol
o
32
o

S o] 37TCAA 208

o
P\
filo
&
Jhu
i)
ofl
2
>
>
o
kU
[
fu
=
riot
o
52
o
e
2
I
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e
+
30
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U AdE F3o AlolZa 13 &3 7 A8l (Flask test)

ool TIIOGTIO r
FIOT A, Fafrasiive indas Segral {10015 SEMR0S, O Friygtose

i

10000 | |
) | Psldoss
10000 - | I|
i3 I[ 8
- o e X -
. AN Y0 — —

wild type ¥4 ¥-8 HPLC chromatogram

Fructose Psicose Specific activity* | ZdS 7t
(Area) (Area) (Unit) (%)
Wild type 2780709.5 113513 576.3 100
#63 2746004.7 150994.3 7718 133

*Specific activity(Unit): oA 1mgoll A At AP == AbolZ22 mM

3. A2 B SRR D HAAF

B8 dH

= o © o B
o5 el (1 o)) N2 SHT
] .| Clostridium hylemonae DSM 15053
1) A& hypothetical protein
(ZP_03778576.1)

2) A & 0 BAE

) i ] | Clostridium scindens ATCC 35704
human intestinal hypothetical protein

) (ZP_02432283.1)
bacteria (fecal flora)

Abiotrophia defectiva ATCC 49176

3) A Alvets hypothetical protein
) BT A P P (ZP_04452015.1)

H ArnARE sugar phosphate Rhizobium leguminosarum bv. viciae
[ D LN Rl
isomerase USDA  2370(EJ_B01238.1)
) | Clostridium bolteae ATCC BAA-613
5) Q& hypothetical protein
(ZP_02082557.1)
) .| Lachnospiraceae bacterium 3_1 46FAA
6) W3 A4 hypothetical protein
(ZP_08338870.1)
. .| Anaerotruncus colihominis DSM 17241
7) A& hypothetical protein
(ZP_02444800.1)
8 T sugar phosphate Sphaerochaeta pleomorpha str. Grapes
- isomerase (YP_005063155.1)

hoAelm AR FAA 23EY 23 FAA BE F AFOERE Ao|niE 4

+ #4 dE : D-Psicose 3-epimerase ((lostridium scindens) ©1% CDPEz} = 3t
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. ostridium scindens (CDPE) fr2] D-Psicose 3-epimerase cloning

T7 terminator
11 orkgln ' Histag

CXho |

bl (Ap) secquang Insert DNA

pET-CDPE

ColE1 pBR322 unqi"

=
-Hypothetical protein(Clostridium scindens)
- IPTG Induction: 1mM, 0.5mM, 0.1mM

o 54 EA AT

1) Lo w2 B4 B4

AtolZ 2 gk HFH £xE F<lsr] 93te], 50 mM PIPES W3 (pH 7.0), ¥H3-712 50
mM #3& 0005 mg/mle] E4E AHE8t 30 WA 80C WA =5 WA 7IHA, 5

B Zol Uk A3 100CoA 587 B §42 2347 5 HPLC 248 E3ta] Alo]=

27} HolAFE o] ZUetTh 60TAA &
I olF RN = Aol §48] HojAl= AoE YEt.

_20_



Aols~ AAE HA pHE <lstr] fsted, BFE2% 60Tl 50 mM sodium acetate
pH4-6, 50 mM sodium citrate pH5-7, 50 mM PIPES pH7, 50 mM Tris-HCl pH7-9, 50 mM
glycine NaOH pH9-10014 w8714 50 mM #9&E 0.005 mg/mle] &AE A&t 58 &

oF HF2-A17]31 100C oA 583 #o 845 AEA7 § HPLC E4E 531 Aoz~ A

2 AFxlel o3 ¥zl CDPES w4 did §A4L5 dotrr] 98 1 mM CuCl,, MnCl,
CaCl,, ZnSO,s, MgSOs, NiSOs, CoCly, FeSos2 #7718t 1 &4 W E st A ofge}
o] IUE, A Pxto] o3t FA o] FUHgHe HAUTH

Amoo] Y B A¥ B Y O g BY Gao T2 Ao e} gl qw &
45 YRt
Psicose | Fructose | Tagatose | Mannose | Glucose Xylose
Relative
activity 100 68.2 - - - -
(%)

>,
o
kU
[>
ox
[
rlo
b
i
i)
oxl
QE
N
do
%
>
rr
i)
2
rlo
b
f
v
rlr
rO
ox
ox
o
f
i
ro

=7} 4kl

J

0CANAE 40min, 60C oA E 10min ©)38te] ¢kt & AAHAPS HYT)

10040 S E

— 39.76min

3 .

% 10 9.71min

S

1
1] 20 40 60 80 100
Time(h)
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v A @9 celld 4 YHEL 7]Eo| EFEH TE D-psicose 3-epimerase©l]
vkl Hojuh dobgAZHolME 4Hslel] $8317] oEH e wEtd A S AAA Y

D-psicose 3-epimerase®] T¥l& T2 Ao o3t o] &4 3x FERE FA steH F
a3 2 Fof stves FHoleelt. CDPEAA &4 F7Fe 2 359 ZPEES 994
AA = 16TCAA 4A1ZF ©]/ incubation 3t FWETF &4 active site Woll & ol A
binding & 4 J& 2L WHEAFAT

I A3 50T 40min, 60C 10% 7Tkl 2% M-S 50T 8.72A1%F, 60T 402 °2 F7}
A

y =-0.0951x + 99.785
R?=0.9677

y=-1.3029x + 100.25 [ 100 #g
R?=0.9951 w0d

T
100 150 0 100 200 300 400 500 600

o alEE HRolA AbolZ s Y 24

AaHor F8AE 25T AsiAe sE APelA Z1E A @idol o] B &
t}. CDPEE 500g/L oA wbgAA Hoke W &4 01 mg/ml oAAHF
i

g Al wEwe) FPNHE Aolm ARE 09%F B ¥

%0
¥
o

q- ¥
-E 20t
iy o e
g / .
] L
g 10 oo ®
! @
04
0 2 4 G g 10 12 14
Time({h)
—#— 0.005mg/ml
- 0.01mg/ml
A 0.05mg/ml

—-=—- 0. 1mg/ml
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4. EfExYu}l Zu|Ejo} (Treponema primitia ZAS-1) 2] D-psicose 3-epimerase
(TDPE) 9 &4 7%

7}. mutation site A4
TDPES} 7] &ol 5 o2 D-Ato]Z 2 3-9 3] H 38} 49 sequence alignments F3l,
SH¥3] TDPEY t& A71& A’ st 1 Foll4, modelinge &3 72 & $a3td
3 =

=2 5 Qe AHo) EABTAY, 43 T2 I

=
o 9F= v Aoz gEHE AR SAss WIVE =@Hol = sta, 4 37

ol

o,

—_—

5 AR e, i k71 9} Z2}y7} 9| A4 olfre ol-2j <2} 2t
=] 3+ 771 Aol (7HA)
Ruminococcussp.5_1_39B_FAAS}  Clostridium  cellulolyticum H10
N&lP o p
1103V Alpha helix 4%} beta sheet 4AFo] &2 loop, CH33%} 7} #olxl
S119T dimer®} dimer”} interactionsli=  H&
L 120 K dimer®} dimer”} interactionsl=  H-&

Ruminococcussp.5_1_39B_FAAS}  Clostridium  cellulolyticum H10
A 125 K o] K, helix #5%9] charge 9 o2WHA ZojXH  Solubility7} =o}

o~ o
2] T 3)]\1:!

Ruminococcussp.5_1_39B_FAA<®}  Clostridium  cellulolyticum H10

A 143 E
< Charge 7} Q2.2 = solubility7} Eo}d 4 A&
Agrobacterium  tumefaciens evolutioni=+-° A thermostability 7} <
Q 215 C
EH g ‘T"—r«
K 222 R Clostridium cellulolyticum H10 W R, dimer A K&
Treponema primitia ZAS-1%F A 2J3t3l 25 E, tetramers 344 3F=
A29E | T
T
I 255V fructose”} binding3d}”] 913t ringEe°] &8 U= *
N 264 D dimer—-dimer interactiond}i= H}FZZ loopel X, charge’} 7]
solubility 2} multimer%7} ¢t 3 9 4+ I
D 277 B ClostridiumcellulolyticamH10%F  glutamate$l®] #7]7F ¢ 23 FW

4G AAL Fobd & De

U 84 e Ut Fo-AFE =AW 2 a3
oF Y I A229E, N264D, A229E/N264D EA®olA o B3 ¢ F71 AFE §4o=2 44
A3t7] $18te] F5q& SDS-PAGEE WAl ol & st
GFA ZAFL 33.2kDa oW, dFdte EAWCIA Y WMETF FAZ Hlus] ®Hoks W 10
o ool THE Aol S HATh



164 50.5 486

specific activity (unit/mg)
&
o

HOPM® HWA229E M N264D HA229EN264D

o} Wo] D-Alo]Z 2 3-o|ujm g Aol 93 Alo]=Z 2 AY4E

400g/Le) T} WEgBhe] Abolm A4S AL BHTAC

IEE JFoAef Alo]2 o G4} of Y =AWl B4 AF Ay BEE F
7 7 F=27 A229EN264De] EdWolAlo A H3ko] 71 wEA] Loy, A229E,
N264D S A oA BT} WE Afo|mZ 229 AES Holm AIFSL 30%0| )

40% 1k It M= HES

—— Op

—a— A229E
——N264D

—8— A229EN264D

5. GRAS A4t #F (Caynebacterium glutamicum) 33318 2 Fd =7 3
7h FrAA A zg

(1) E coli - Cglutamicunizt®] shuttle vector A43}7] 3t ofzff HE A2gl& AES)
At

- pXMJ19 (6601 bp), Cm®, pCES208 (5930 bp), Km®
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Hird ITT (574 5)

Aval (5527) \
HirdII(E)
Paf(22)
Hbal(za)
Aval{4852) il Apal.I(6364) ‘  BarHI6)
BedRI(4422) pCES 208 Aval (1526) \
o (4374'5 i 5050 bp ::le s ApalI(5886) - HrnaI(41)
KmR . omal(43)
e \: _ij&{(lSOO: o
Neo (4004/)/ \ '\‘141;&1(1800) - \ T
Aval (3987) . Smal (1802) h ——
Hird I (20486) pxXMJ19
Xbhal(2916) 60 1bp
Aval (2979)‘;'.‘ W Bamat (20287 CmR
Clal (2965) ||| ¥md (2034

I Aval (2934) s

'\;\\II‘Sm al(2936)

"‘I\":Psﬂ (2944) I

“I“EccRI(zg 4671 /.

! Apal.1(3330)

Hind1II (2058)

shuttle vector®] copy number, handling &4 F¢ Hlx #4&

g A S

(2) CDPE ¢} TDPE®] &&eo] Huh7l H+= promoterE
z},

- sod promoter (Z2JU|HE] 25 f2H)

- tac promoter (pKK223-3 vector)

- tac2 promoter (pKD vector)

- trc promoter (pTrc991 vector)

- synthetic promoter (L10, L26, H30, H36)

* tac, tac2, trc promoter sequence H]il

k7] 213k promoter =&

TAC

TACZ

TRC
CONSENSUS

(3) Primer A% & Cloning A3 &
- AR 712 B coliel A 2R

- Primer design

TGTAATATGCTCGG CTACTAATTAACAGT
TGTAATATGCTCGGCCTACTAATTAACAGT
TGTAATATGCTCCGGCTACTAATTAACAGT
TGTAATATGCTCGG. CTACTAATTAACAGT

Tt ++EEE+EEE O+ FEEEETEEEEEEEEESE

2 A7

_25_
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Cloning vector Promoter Cloning site
1X} cloning pKK223-3 tac promoter Xmal / Hindlll
) pXMJ19 Xbal / Sacl

2X} cloning tac promoter
pCES208 Notl / Xbal
1X} cloning pKD tac2 promtoer BamHI / Hindlll
) pXMJ19
2X} cloning tac2 promtoer Xbal
pCES208
1A} cloning pTrc99 trc promoter Xmal / Hindlll
) pXMJ19
2X} cloning trc promtoer Xbal
pCES208
pXMJ19 Xbal / Sacl
cloning sod promoter
pCES208 Notl / Xbal
L10
L26
cloning pCES208 BamHI / Notl
H30
H36

@ A Az 24

R foi Transformation ;
f\ Eneperic clapeting Ligstion E. coli strain DHI0B C. glutamicum TiF

)  targetgene, shuttle vector 29| EEMII022 S L R
shuttle vector®] cut target gene T xS SeADE 29 Mz SADE =Y

TEE

15 R L R |

(1) Cell culture

- A 5 Coynebacterium glultamicum

- A F oeje=: LB HIX|, 30594 Seed culture F, £ H] ¢S 30X 04 24A1F B
(2) & F<Q(SDS-PAGE) ¥ @ huid A - promoter Hl

- tac, tac2, trc, sod promoter
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(kDa)
202.4
114.8
73
47.8
241 Sample Total purified protein (mg)
57 pCES_tacCDPE 1.796
17 pCES_tac2CDPE 0.675
pCES_trcCDPE 0.405
é
pCES_sodCDPE 0.448

- Synthetic promoter

(kDa)
202.4
114.8

Lane I. pCES_tacCDPE

Lane 2. pCES_LI0CDPE
Lane 3. pCES_L26CDPE
Lane 4. pCES_H30CDPE
Lane 5. pCES_H36CDPE

73

47.8

Total soluble protein | Purified protein = CDPE ratio
i , (mg)  (mg) &)
pCES_tacCDPE 21.43 6.28 2930
27 pCES LI0CDPE 17.57 \ 1.88 10.70
17 pCES_L26CDPE 1435 2.18 15.19
pCES_H30CDPE 17.35 | 214 1233
¢ pCES_H36CDPE 14.04 1.65 \ .75

CDPEE 23 A7 =4

N

I promoter7} "lX|= FFe vlg A, tac promoter’t 7HE H
AUt e Ze IJT AL TIEL E il Al pET system(T7 promoter)¥ H =3
b

9l 28~30% AETgE AL AT F YA
(3) T3 F2I(SDS-PAGE) ¥ HdAwtud A& IPTG induction Bl

- e A9 cell culture %ol A IPTG induction®©] T & 23 o) nj X &= 4

(
O

JI
o
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Lane I. pCES_tacCDPE, IPTG non-induction
Lane 2. pCES_tacCDPE, IPTG ImM induction
Lane 3. pCES_sodCDPE, IPTG non-induction
Lane 4. pCES_sodCDPE, IPTG ImM induction

promoter

tac sod

IPTG induced | 1796 mg = 0.448 mg

IPTG non- 1.688 mg | 0.356 mg

induced

IPTG induction®] %ol W& iz o
?l. 7 23} IPTGZE inductions 3PS of THEo] I JVlsts A& & v AN

oy I Ax7F vkt

=)

HEE tac promoter?} sod promoterol A &

(4) =¥ BI(SDS-PAGE) 3t i d A% - 25 vl

- 2% =1 . 25, 28, 30, 33~35, 37T

OD (5X 3|4d) | Total soluble ‘ Purified protein
0353 ‘ 10.16 ‘ 146
0524 1153 179

|

|

28°C ‘ ‘
063 | 1189 | 200 \
\ |

\ |

30°C
33-35°C 0373 996 173
0018 (3]44%) |

37°C

It 2l % cello] Agte HALEE 30Co|H, @iz BdEL 30C =& 33~35C
ANA 7HE E=A UESTh

(5) @& His-tag purification

- pET21a_CDPE & pCES_tacCDPE 7}7}¢] His-tag purification &% Z& ZA¥ of
34kDa ZL7]9] @uldo] HA|H. crude protein?} THHAEFS vHlwdS of oF 28%9 =3
S do] TP ol ATl HH A 2 FFo|th
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Lane |. total soluble

Lane 2. non-binding protein

Lane 3. washing |

Lane 4. washing 2

Lane 5. elution protein (purified protein)
Lane 6. final purified protein (&%)

Total
soluble

pET_CDPE 828 | 226 | 2724
PCES wcCDPE | 664 | 188 | 2831 ‘

Purified | (%)
protein

pET_CDPE pCES_tacCDPE

Corynebacterium cell §F-8 O = Ato]i 2 Y4t 7heAd & dotr 7] 9ste] 500g/Le 3ol
Ot 22 FRA7E 2442 B E cells 60TolA 6A1ZF &QF ¥H-g-A1Z1 A olt)

20.00 s
1500 A
1000

oy
Pl =
/
;

0 | 1 3 4 H (]
~+—-TOPEOFT) —W-TDPE(OPTIZI9264 —4-COPE

_8hr (%) | (UWmgDCW)

TOPE(DPT) 13383 21.56 13381

TCPE(SPT)220244 101.79 1871 24541
COPE 17788 2852 89482

-pCES_tacTDPE(OPT)229/264-1mg/ml

dojwto, 7% CDPEZ| &&

rlo

%%} o] CDPE, TDPE(wild), TDPE(mutant) 25 ¥H&
9 celle] Ao) 7 Holde & + Atk

6. &&E3E AT A7 FH

ook

FRol i Aok WE A4

X

(h GMO HAE 2y B A% 237

& AE 7R A #FE A

L

(h GMO "= k¥ Brk=E

SAW B BT AT AT
- A® R GMO FAE A28 97), SAAEAEY), 9 B/ 27] B}

2

TH AR FAARE obu At s AM, A A E =2 EehE <k



B4 A9, AFAdFAA sequencing, =5 A 9E +F F
23, Qualitative GMO PCR detection kit A&, A4 ebiad =4 9 Q

Y, 2 GARAEYNY 5

“v, XN

- AT 7IZE 220139 11€ 259 FH 20149 11€ 24€7HA] 1270€
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24, 225 (2014) AT U8

=0
=

4 31}

r2

AP
(123 - 4P )

‘cum A AlolmZ A~ AHIFF 3
o Aoz Aie g M GMO u]%. C glutani hostoﬂj _} ]_ : xR
4 o MRS 1T 24 FE
s AE & O - H4 ZE2RE|
=71 =7 Aub I =g o3 HE WEATE ZERE AW
; =1 # g}qu qr;e-ce = ® G40 IASE I HMEFTAHoA ZA
A
- - 7S A% free-cell A B 319+
® 5L WaxoA FA FX|@ 5L TaFo|A Aol AR FHA K
Z7 A cell mass B C glutamicum °] WA A3 F high
® Atojix AL b =7 gAY cell density culture v FdH A
s 2a o hgsto] AEH AAAE U= Wi ¥R =
=1 89 ® 30L Wa=xdA AAA| o AFs AT wiA HZH3 A
SO 2 scale-up 7Hs|® scale-upAl APAR o= AHE T
4 B A ERR - 30L HER xR 94
° - T Ee s 1A
_ o LA AZ WS of I}TownGMO T GMO -—r‘ _j_;%
® Afo|x2 Ty ) state] A= REgIIE TARIZ & H
&3 Non-GMO #F % .
A At = - =5 o Ags, A S AErtsr] =24 5
= = 5
A 43 GM?"”3°L o gane vawe enza 2 guws
AH A
b 7l A9
® 1% Alo]F @ FPLCE o] &3 Atolzx
2 A AL &Y 24 9 A3 e AASE 3 Aol e 2 @4
=1 89 A =2
o At A} FAAMIE obr| 4t A A
® C glutamicum hostol| A A_FHA dHA ) 54 oF Zl
® GMO HA=E =% H Atolzx Aihe Ay FatE =esistsd kg A
Jdsizb ™| wAA B /AR ] A
A3 g Edo AA Felde FAA A HrEA7IAEY R A},
Ad A T HEZQl Wo] AFE F<I
o T= 3 Fof A4 3 dd=rA Bt
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1. 24 874 78 vdE 2 Az ¥4F 28 =24 234

7}, Abol= 2 A4t Non-GMO PIAE HE 271 A9

- 22y s ARelA GMO PAEd} ¥laske] cell mass7h W2 He 118 o3 < sj2sty] 98t

of B0l WY A Aol F/kE TFE AY, AU 08T F YEA onE BusNA @

- A7 BYE 7o 99 fFS Fdsr] #8l, 250 ml Ze2==0] 50 ml Mineral
salt broth® @il ¥4 ¢(dextrin, fructose, galactose, lactose, mannitol, mannose, psicose,
sorbitol, starch, sucrose, xylose)= 2|5t 28C oA 250rpmoll Al 24413t Z & Bl F3F 3 T

- 4B #FY A v 9 AT 5 400 g/LE ki, 255 70CE 3t 30 ¥HESt

of, Abelsz: A4S HPLC £4€ B3] SHske] Abolz2 AF BHL Ak,

F

- P9 YeRA uleb o] ZF 'A o] cell growtholl= & F&FS v|xA] @Zgtory, Ao

£ 9Ee UBE AL FASAT. 53, psicosed BoUOZ ALIAYL W, AE Be

B Cell growth
750 | Specific activity (U/g)

00

150

Relative activity (%)

100

50

& ‘f“f\a ";Pﬁz\?iv“& @éﬁ'q& ﬁ‘& £ sv“g

Carbon source

B 3%
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(Wb Yeast extract®] FaF

- Yeast extract®] FTHol oigt FIFES AHE7] 98, 250ml Fek22Fo] 50ml Mineral salt
psicose brothdll BAYS FH7F & & 11714 AlZ 3|APE yeast extracts EE]|dhe] 28T ol

J_:[L
A 250rpmoll A 24417 R Bl 9k T

mCell growth

Spacific activity (U/g)

Relative activity (%)

Yeast extract

Yeast extract T=H FF
(Th Psicose §=9] I
- HjoFol 2 A3 wiA W psicose?] FEZE Q7] 98 psicose BEY Aoz AZ F
45 SH43ATE 250 ml EeF2=2F9 50 ml Mineral salt brothE 23l psicoseE ZH7} 1
5,7, 10 g/L H7}5ke] 28 Coll A 250rpmoll A 24A13F 18 vl 43} o}
VAT FA v 2 G FE 400 g/LE 33, LES 70CE st} 308 ¥H3ate], Aol
Mg Tt A Aol g A4S AAuTH

AL %e

2 AAEE HPLC

- 3% 3% B, psicosed] FE7} 3 g/LETE HolAFE cell growthes HA Asty &4

< 5 g/LolA 7HE &2 Ao=E Ut B 43S T AAAE 2 total activity (U/L) =
Holl A HA vjA] 2749 psicose 5+ 3 g/LE At Ad@ds P33T

m Cell growth

120 Specificactivity (Ufg)

100
80
60
a0
20
a
z

Psicose (/1)

Relative activity (%)
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(3) Ensifer adhaerens 75 5L WA Z W] ¥
(7hH RPMel| & A B4 JaF

5L HaxE °]83lY Ensifer adhaerenstForpmoll wWg A A& d&Fe &Ust7] sl
500ml Z2t2==o] 250ml 2 A Aol 12~16A13F &9k A FB0C, 250rpm) sht. Mg %
Zetoa WA 5L HEZ(GEF 250)9 HFsk MFsHA FAH A (ODgoonn) 54
AR w¥Ede gFes 30T, 37 FUEEE 1L0vwmSE 321, rpm(100, 300
500 800rpm)e EE3te] AFsIAT HAFAH, rpmo] HESFE FA Bl HEgoH,
300rpmell A 33A1ZkA ol 7HE =2 ODgoonm3.0= HEFH T

o]
o
A

(\}) Aeration volumeol] @& A A% FF

ZE ©]83}4 Ensifer adhaerenst 5+ %]aeration volumed| W2 i 44 9FS &
9&, 500ml Zet2Zol 250ml H A A o] 12~16A17F S+ HH]EB0C, 250rpm) 3+
o A & Egk2T i gA S 5L HEXMGEF 250) 0 HFsk] wjgstAA 7A AR
(ODgoonm) 58 = A 3HATH MlFZAL g% 30T, 300rpm, &7] FUEE(0.25, 0.5, 1.0)

£ 2ot At 423, 19 6o WEkd Hkel o] 1.0vvmoll Al ODgoonm3.02-2 7}

HIEAITE ()

Aeration volume®] 43
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(3) AH Ensifer admaerens 75 30L W E X v scale-up

- 5L wE =z A A3l HoZ Ensifer adhaerens 72 WlF 27E& wlg o E sto 30L W
axoA Hdiad w2 AXZ Hjde ST HiA 2A 2 5L 243 sl sten,
Yeast extract 55 1 g/L, 5 g/L, 10 g/L= ZtZt vjeFste] A2 A4 9 A9 248
Lol R gk},

- F WY 2L 5L 21F Tl I s em, 12 50mL vol. ¥ 23 1L vol. 2. Z |
& st HF 30L HaEZR(AE WY F3 200) v F3 5% 2 HFst wide AP ATH

-3 A WY 4] AaY BRI 37 @45 AT F7hege uehad 2oy,

Atol 2 ki sl 71 Age 4721 Coynebacterium glutamicum CDPE 52| o A 4

S 93l 5L, 30L scale-up HEZ 20 AAA 7Zo 2 HZ 33}

(2) 5L &z wjf

- 5L WA ZE 0|83t Corynebacterium glutamicum CDPE @59 pH =4 f5Fd & +
A AR FEFe ZdAstr] fdl, 500 ml ZEF2=Fol 250 ml 71E v Ao 12A]3F FQF Anjek
(30C, 250 rpm) stk AwiF * Seh=a wiFd S 5L WEX(HIY EF 25 L)o HF5HA
A 8% (ODeoonm)= w4 8FAT

- 94T wiF =30 pH 702 =AFFO ©E JFS AEIT. A4F A, pHE 7

2 2AsA Qe W WY AR

— @) =]
glucoseE EF £E3IH o] F Y2 pHE 72 =dse =12 g3kt
_ &0 50
850 =50
040 =40
£330 23
gzo —+H7.027| £ ——pi17.027]
=0 ~WpH TE X Y10 ~W-pH T
8o [1}
1] 10 20 th] [} 10 0 30
B2 4|2t (h) B9 A|7H (b

pH =4 5ol @& A A4 Z Glucose £EF
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(3) RPMoll @& A A &

- 5L HEZXE o] 83t Corynebacterium glutamicum CDPE ¥ 9] rpmol W& A 84 9
&S Rty 93, 500ml FetaT] 250ml 7] E ] Ao 12A]3F F<F HHj 30T, 250rpm)
sttt Aujef & ST migA S 5L A X(GEF 2.5)0 ATk wiFstHA A A

ZHODgoonm) 58 = AT A wlFzA 4 rpm (250, 500, 800rpm)<= E&lshe] Hl

50

Sa- / Sy
)
rl =4=250mpm

=&=500rpm
(I = = 800rpm

0w 0 30 40
HEAZ ) WA

== 250rpm
=i=500pm
=~ 800rpm

Cellgrowth (O
— e o
= a o
- N
ﬁ

%9 RPMol| W& #A] A& 2 Glucose AR

- 5L ME=XE o] &3t Corynebacterium glutamicum CDPE/TDPE 59| Aeration volume

FEFE F<lstr] Yall, 500ml ZeFs=o] 250ml 7] Euj Aol 12417 F<ek
ZA¥jFE0T, 250rpm) SFF T HujF & Zelam wjdd S 5L HEFMSEF 25)° HES
of gt A FA ABE(ODsoonm) 58S EAATE AT mdz=NA F7FUEE(0.25

0.5, 1.0vvm)E 25t v 3tAth.

_s0 i 7|
-] -— F"..
a0 = B
gsn | 3a
= | =] Pvm z
m !

Em | == 5vm 3
Joub T 10vem n

] 1 m M ]

% AN
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Al F Behaz e 5L BEze] HEshe] MASHA A ABODgonn) 5 S

stk Mg EA-e £5(30, 32, 35C)E 23] wjoFstdh

mlm

- AFAT 2YeIA Uehd wieh o] 30TeIA b B 4Fe HYow, oF we

H

50 50
$ 40 ~ 50 B
agg =40 - \ﬂ
g 0 - 11 530 X -3
3 £
510 =3k By . 1K
dolf =355 0+ 88 g
0 0 0w 0 0 0 30
BE AIZH A Y A ZEh)
250 & #A 44 2 Glucose &R
(6) A& = W& A 4 I4F
- 5L HaxE o|&3t Coynebacterium glutamicum CDPE A4 FXo] mE 44 A%

Q3FS 3H¢13lr] Y3l, 500ml Zek2~Fo 250ml 7] EH]R| o] 12A17F F¢F AujFstE T Al
& T ST agFAE 5L R X HFot] wjgstaA FA A (ODgoonm) 58 S 413}
At Bl FZ7LS yeast extractE =(2, 5, 10g/L)E 2t w3t o).

- AYdAdn g Yepd wvlel Zolyeast extract 10g/LollA HIE Jelyon, oju
glucoseE feedingd}t St

Glucose feeding

E A1

n . -

] w40

E 40 4 f—H —4—2pL g -2

8 ERd]

50 ,,_r’f— -5 - -5y

§ oms 10g/L 0 -8 —-10g/L
0 10 0 30 0 30

HEAIZHN)

3
yul

-

=

(7) f7k2 o) J

o
O

o
=

oft

oA H

==
(]

- 5L Wa=xE o|&3lY Coynebacterium glutamicum CDPE/TDPE 712 His 93,

500ml =2} 250ml 7] ErjR| o] 12A13F F2F Auj skt Awjer & Zt23 wjdy

< 5L ®axo HFsto wigsHaA A A (ODeom) 58S E43AT. WS 1243
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AEE 0.7vvm, 700rpm O & v %3 T

=
HollA yebd uwieh o] 12A1bA AlSH 02 glucoseE feedingste] 3647t

OD 111.6

- |

Cullgrowth [ODygeh Gluzore (g/L)
3

1>

714 wiF A, #A A% 2 Glucose 2R

o} 30L FaZxA AAH FRAS=E scale-up 7HsA ERX

(1) =3

- 5L Hax A wjge] Holxl GMO 9 pilot scale Wi =7 &<l # 11783} H
Z Az o]& & #AE FH37] H3] L& scale-up= XA

(2) GMO Corynebacterium glutamicum 2] Pilot (30L) Fermentation

- 5L wEZNA A3 =AZ Coynebacterium glutamicum #+52] v 1S wgoz 3}
of 30L ‘EXM AEFS & AT

- F MY 208 5L 213 YA A9 e, 12 50mL vol.§ 22t 1L vol. &2 Hj
9 5%% AEshe] WS QWAL

[e)
[¢]

ﬂ,
ob
£
B
o\
(03]
S
—
)
t_‘op
BN
=2
=
oS
AT

§
i)
()
=
0%
Juy
(@]
>
o~
2
b
b
oft
off
b
—_
o
Q@
~
o
e
)
b
b
oft
flo
r_}]_‘
ek
2
gs|
[¢°]
[¢°)
&
5
dq
fllo
O
:(I)L_t‘
ol
il
o
£

OD600nm
3
Zzx g (g/l)

a 4 2 12 16 20 24 28
Time (h)
il O} == Gliucnce

Yeast extract 5 A|X OD ¥H3}
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I Non-GMO

3|
pal

718 o] &

oo
T

TR
GV

o

fveel

™

K

lo] #A = 3~4% (w/w), &34

S

fel 7b m= Aol

J]

A Z

T 15~2% (w/w)llA HlEE

= Alg L 5%+ Cell 3%

Cell 4%

B [f B

—e— g 2 (e Cel 13%

——— g 2 %+ Cel 4%

60 a0

40
HZ+ A|ZHhr, 60°C)

OD #H3}

X

Yeast extract 3= Al

255 §FA AA 2% % #AY FHS

bol 1]

3]

N
Nlo

< 9F 40~50bx

< 714

s

NGl FY =

NG Apolmzs AE AY

L

R 714

FA T

S

SV(space velocity)& 274

Apol e A AT

§-_]__

o ¢

=
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. GMO 2 Non-GMO #A 23 &2 vAst 248 v =74 33

2

(1) 274 HFol 2% Non-GMO (Ensifer adhaerens) d-A 1438t A -3
- 3 FAE Az Holzl 1A nEEY A4 IS Loty 98 2H &% 60T
ol SVE Atolm s Alg A4S Lotk 1A3 wh-g 274e ool o] AAHs A 3

ST

& (%)
/

Wl

x
Flow rate (5V)

0 1 2 3 El 5 6 7
Time (day)

——Rehuivity (4i) ——Flow rate (5V)

13 A9 FE #A(Non-GMO) 143} &z14 vl=o) o3k Alo]z2 Al A4t

S
L
oy
i)
ol
-
Lo
et
Z
o

2

)
<
@)
™
2
g
<
]

2
4
i—",
=
o
ot
e
uits)
r]I
olo

ARolF 2 A ALHde dotdth 143} vk

BN

A8 4

Oh 2As 2L W 3]

o

o
-
-
o

1A} 29 SE dA A3 L4 Bl o7 Abola AR Ak
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(3) GMO(Corynebacterium glutamicum)v+ 4 Hd &4 143} A5 9k
- 3gd FAlE Az Holxl nAs nESe ARt S Loty sl 2H 2% 60T
oA SV Ato]Z 2 AlF] A4k S dolth nAHI Wb 2L o9 o] At Y

Sk

- GMO ¥4 6% F°lA Sod-CDPE, Tac-CDPE 27} 88 29.47%, 29.50% (33 ¥
AR Mg 5 ABEE UEbg. 74 RESolA Tac-CDPE®] 27| &Ae] wou, 1743}
29 vkl Ho d&so= Z4o Zol7k A vEhA] sk

- GMO #A 6% FolA Sod-CDPE7} AlelZ~ HEE #X 7|3te] 524 (33 AF 2
2 7 "ol =A JErsth

- Free-cell HE-golA &% Ao 7} =4 YEPd Sod-CDPE 58 °©]&3ste 143t 2
8 A3 Ax} 600l H 5292 7]E Tac-CDPEO B8] <oF 1.58] Aol =A Yele
, 88 AFNME 7]F Tac-CDPE A&7 FA ztol7} YA &= 295% (33 2d 2
)2 P B AZECA T 1S AR UEETL

ET)

o

% 9 A3, 143t A9 ¥kEolA Sod-CDPEZF 23 2 AAH 42 YElSTh

Tac-E (Coryne.) m
Tac-EDPE (E-.coli) 1.,/ /|

Trc-CDPE 7
TDPE 7

Tac-CDPE - A

Tac2-CDPE 7

Sod-CDPE - T

0 1 2 3 . s 6
Stablility (day)

o7E 1435 A9 vy A3



4) A8 ¥ GMO(Corynebacterium glutamicum sod-CDPE &d ) &5 143 A9 W%
oh =3

- Corynebacterium glutamicum A ‘D3d &4 AA A 7pF kAol 3 a47t
sod-CDPEZ WEbTH &% i sod-CDPE £ oA 143 nl=o] Yibd H2 2585 A
stua 2598 uAst 29 wheA AP dotR iz

(Wh st 29 w8 A3

- sod-CDPE #A| ©o]& &% =¥ uA3 Z7 W3 443 2571 JAA Yo} A5
Aol w2 AAE YUehdth o= sod-CDPE ©]9 &d #5537 AR sjdoly kg4
AolA 60% °F 158 F7F 50% oF 148 5718 A3 = & CDPE 2&d 5o vl A4k
’do] Sod-CDPEZ} ©F 148 &2 A3E YEHAT

o

s

=3, 7] CDPE: A%& dAAol 4 F 343 sgtele e depigod
Sod-CDPEE A%& A4l 3243 Wojxx otw dA3 shetals P42 Uehlo] A4

A ZRoM feE A9E Uerd o weHE

—@- Sod-CDPE

Stability (day)

o
o
L

0.0

Sod-CDPE #5929 &% Z7¥ uA3st Ay ¥k-g kA Ay

(5) Corynebacterium glutamicum sod-CDPE % Tac-CDPE @& 5 AJ4h4d Hla

h =4
- Corynebacterium glutamicum ¥4 11783} W29 ¢t Ago] 71 £& Ay vhg 2% 50T
ol4 CDPE & &a& T Aol 7P 2 sod-CDPES Tac-CDPES| A4bAd-& wlashazl

Eia=s
(Wb 24 29 vkg 23
Azl A48 WS vl 23 tac-CDPEE ¢F 22 o] HE] §4 Ao
7

al
A3l WolF& E F v ¥ sod-CDPEE 2594 tha 7HA FA|oluy o] % 30¢
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T G243 g4 ZtAs A gt o] 23 7]E CDPE % sod-CDPEZF &% ¢H4 A o]
7 =4 vebd 23 143 28 dbLo = YAk o] =3 YER T

(%)

oy 200
T

il

< 1O
™

5.0

== Tac-CDPE == Sod-CDPE

0.0

0 5 10 15 20 25 30 35
gts U4 (day)

Sod-CDPE$} Tac-CDPE®| 1143} 2¢ Rk Hlw
ok AbelZ 2 A4 3143 #F Non-GMOSF GMO 5 A4Hd Bl
- A AT AFRE v"oE Alojix HSAFES AL HZHSE S lab @A ol A
scale-up A7l A3 GMO-sodCDPE A 7} £ A4k o] YErRtT)
- Abolaizs Ay B oplet Abolia i i A4kS fsiAE GMO T FE ©]-831
pilot 975 & & Aot}

-
a
S
=)

125.0 -

100.0 -

~
o
=)

o
S
o

N
o
o

Production (kg/L-Column vol.)

7.

Sod-CDPE  Tac-CDPE TDPE Non-GMO

o
o

Sod-CDPE ¥ 2 GMO/Non-GMO 143} AY Hk-g AJ4HA

2. 143 2% s Aol HA g 9 ol A

Ak /\]-0] 2 S /\]‘?301] 23y o]le ERAI MAE AA Y3 AA GAS AA Z'ﬂ%—
AA 75bx Ao]FZ2x AHE Ax A o)
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@ Aelzz 3 Aol 2

o A A 2aES A
7vete], 25 50ColA 3023 urbste] @7t E40] 45 H AP HIHoEE °] &3}
of o3 A F, o3 filteroll o3 YAES A AA AA SHH Alo]iZx FH AHS

Az gt
(3) Atelzzs 3 Algo] o] BA 9 +=
galo] f5H Ao)IZA T AP ol LmBFFAE o435t AHU ol EFS oA
AASY AE=E 0.01 us/cm ©]35e] AEFS WEDA T} o] uFFA] 2L %
2 TEEA (H type), FA71A 2ol nd FX(OH type), EF FA(Mixed bed)S Ab-&
ato], Algel &4 8l g9 FAFL APt 1 Ad HF AY AFY A== #
0.0lus/cm ©]3te] A H-& A4
500l A °F 75brix7HA] FES

sk

S Utk AL HEE Aolns FH AYES FF LE
Pstol & o G LS AT AFL A= Ak

)
of

N A o § Aolmz FH AP FF B4

Area (%) AtolzmA 15% A ¥ AlolZ A 25% A F
Afo] A 15.33 24.20
A 40.94 65.40
Teg 38.51 6.84
= TS 4.46 2.13

(Arel=Z 2z &7F 15% T+ A H) (ArelZ 2 gEF 25% T AR

A HF o] & Aol 15% H 25% ol T AY AlF A=
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3. FPLCE 9] &% A}o

W
[
M
i
N
AL
ot
=

TEFUE QB ol B FAZ AU PP 23] Lo 50bx Aol =2 T A
2 loading ¥, 3748 F@starh. I 23t 19 18% Lol BAR 2 238 33 L Aol
F22 Bel7) YEskon, B9l% 03CV(column vol)RE A B £30] iy Aztatel

ok 0.7~1.0CV7HA] A H Alo]Z 2~ E8o] &350l YeSth o]|% 1.0CVHEH 1.4CV7HA] A}

olm2 Fepol ¥ B o] Ui, olg EFstel B4 A3 of 07% o ¥ TeE Apolm
el AYe e % Atk 7 2EE TLC B4 A% #9 @ Aoz - NS L 5
151

" '.l!!'L‘:’"!'S!YQQQOM'Ol e

e

o
W
[=]

/\ v v
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4. Corynebacterium glutamicum hostol]l AZFF A Alo]lZ2x A

A Y =2 AA 738 A

- S AA FRG Ate]Z 2~ HF & ARl TDPE, CDPE, EDPES] ofn)xgh A d ¥ ojn] ¢
HA e dHA 8 Faeke] ded #5F= dobRy] fstel FAO/WHO (2001)°14 d-7ds)
o2} FASTA 3 A58 8719 opm|init Adste] dsdel thet Aae A3

- TDPE, CDPE, EDPE ©o}v] x4k A&
TE2E 205709) ofmicito R o] Fojzl wuldzA EAlao] o 33kDelw, 1 AL o}
o 2t}

1 MQYGIYFAYW TKEWQADYKK YIDKVSKLGF DILEISCAAL KDQYVSDSQL FDLRDYAKEK
61 GVTLTAGYGP AKGENLSSSD NRVVKNAKAF YKDVLGKLNK LDIRLLGGGL YSYWPVDYSL
121 PIDKAGDWKR SVENIREIAA IAADRNVVLG MEVLNRFEGY LLNTCEEGIK FVDEVNHPNV
181 KVMLDTFHMN |IEEDNMAEAI RMAGDKLGHF HIGEQNRKVP GKGCIPWNEI GHALRDIRYN

241 GTVWMEPFVM PGGTIGQDIK VWRDLLPETS ETILDRDAKG ALEFVKHVFG STSVL

CHatE 2897]9] ofmiito & o] S0l Wl s Habeo] ok3zkDo|w, 1 AAL o}
o} 2},

1 MKHGIYYAYW EQEWAADYKR YVEKAAKLGF DILEVGAAPL PDYSAQEVKE LKKCADDNGI

61 QLTAGYGPAF NHNMGSSDPK IREEALQWYK RLFEVMAGLD IHLIGGALYS YWPVDFATAN
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121KEEDWKHSVE GMQILAPIAS QYGINLGMEV LNRFESHILN TSEEGVKFVT EVGMDNVKVM
181LDTFHMNIEE SSIGDAIRHA GKLLGHFHTG ECNRMVPGKG RTPWREIGDA LREIEYDGTV

241VMEPFVRMGG QVGSDIKVWR DISKGAGEDR LDEDARRAVE FQRYMLEWK

EEaE 2837]9) ofulimalo @ o] £ojxl WMzl Bl o 31kDoIM, 1 AGe ol
s 2t

1 MQGFGVHTSM WTMNWDRPGA ERAVAAAVKY AVDFIEIPML NPPAVDTAHT RALLEKNKLR
61 AVCSLGLPER AWASVRPDAA IEHLKVAIDK TADLGGEALS GVIYGGIGER TGVPPTEAEY
121DNIARVLQAA AKHAKTRGIE LGVEAVNRYE NHLINTGWQA VDMIKRVGAD NVFVHLDTYH
181MNIEEKGIGT GILDARDFIK YIHLSESDRG TPGYGNCAWD EIFATLAAIG FKGGLAMESF

241INMPPEVAYG LAVWRPVARD EEEVMGNSLP FLRNKARQYG LIL

-AE

TDPE, CDPE, EDPE®] o} it A ES 807 ©9E &3t 35% oo AE dsds
zk= Ao gk FASTA AAS AAIG A3 35% o4 AE dede zte dyde ¢
Aoz Uehgon, i IAZH opuit AEA FEEC] durE<l IgE-binding
epitopeE YEHWEA 2™ 3817] 938k 8709 A7 ofm 4t AL
Mol A&H opriit Ade X3 A e ASE YEyth =% BLASTP 2213

rr

2 o8

A

Jf

Zote) s AMAFH ofmlal A do] 50% ©]/de] similarity$} 30% ©]4¢]

identity S Aol WEsts @ RAE fle AoE UEN

ZAEHOS=2 TDPE, CDPE, EDPEY sty 7]X|9] <HAG Hi99 AFAH A4S 4
A%t 23 TDPE, CDPE, EDPE+= ¢#lZ27] 2 FAES 2 JlsAdLS gugk o=z &
o}

N
a4
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2) A FRAAAtE Bt kg8 AlE

- CDPE @93 <l

BSATHH A S 7|Fo R amAds e A oF 13ug/uld] =22 AT 284
g ol el EQEASIA] AlZko] A @¢E aggregation©] ERIEO] @A) FE= HA

sobd Ao=w dddn. @uide] Fee vud gdil=z Sl
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AEHAES A7 3 5% o|dFH diido] &3t UFS K&
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- primer design
D71 2AE ZElolm = A= FThav=e] A Dl wiEste] d7IMd Aol
#4600 bp oldo] Had Aol A
£ AZ3EA T o= Sanger WH

A BGE 800 bp AE/MA= WA ¢l F Y& profile & AFEE BHFHQ HZo

toll A 4 AEF (contig¥A) sequencing primer

flo
>
op |l
oh
£
o

JAE plasmid®] F71AES &S Al 2014

129

o ZZtolM = Primer3 (v. 04.0) ZEII(Steve Rozen and Helen J. Skaletsky (2000)
Primer3 on the WWW for general users and for biologist programmers. In: Krawetz S,
Misener S (eds) Bioinformatics Methods and Protocols: Methods in Molecular Biology.
Humana Press, Totowa, NJ, pp 365-386)°l AZTH FZF2v= dA G714ES 483
AZsrch. Zebolmel x4 ¥ @ Ade 1% 13 E 1o Uehpich  Zeolu=
Bioneer AH(THA, 3k=)oll o =]sto] st
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seqd-f'
seqd-r

seq6-f seqs-f
T

sedqd-

FetxrEe] @7IME AR S f8) A" Zetolm el A

primer name Primer start position Sequence (5" => 3")

Seql-r 282 TATCAAAAAGGATCTTCACC
Seqz-f 178 TTAAGCATTGGTAACTGTCA
Seq2-r 1275 TACAACAAAGCTCTCATCAA
Seq3-f 1126 CATCAGTGCCAACATAGTAA
Seq3-r 2194 AAGCTCTTCAGCAATATCAC
Seqd-f 2080 GAATATCATGGTGGAAAATG
Seqd-r 3263 GGTTGATACCGTACTGAGAC
Seqb-f 3095 AAACGTCTGTTCGAAGTTAT
Seqb-r 4112 GACGCAGATTTTTAGCTATC
Seqb6-f 3854 cggatTCTAGAACTAGTGGA
Seqb-r 5034 GCATTTACGATGTTTGTCAT
Seq7-f 4818 CAAAATATTGCTCAGATGC
Seq7-r 5919 AACCTCCATAAGATCAGCTA
Seq8-f 5766 AACGACCGAGGAAATGAC

STanE G714 E 2AE] Zekolm ] AL
- 97| 4E profile> WFE 800 bp ©|4 high quality®] peakE RT3, Y5 primer
Seqb-r& HAIE peaks Hou, ot f7IAE A 23 7z AR ARFHIUH. sHA
T Seq5-r @714 DS Seqb-feF Seq6-f4] high quality 714 E F-&ol sidstith Ao =
olF H7IMEE assemblyst¥< W, =5 high quality peakollA] ¢]-2= @A7|AE FEolA A

2 AT 233 plasmid contig sequences pCDPEH Hl w3t < @l CDPE operone
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Adstr] 18 ARESE Nodet Xbal 91x1E AT = AN, NotXbdvtz2] vector backbone
-2l= pCDPEY &g €714 <E3 100% LA3EA L, WHo d71A4<E =3 CDPE €714 434
100% YA 2 A= A2 2 FJEHE HAHd A ¥ =20 DNA H7IAE Ho)
7F dojuA] ekskas AASATH

sohans |74 d 24 A aoF

primer name Primer start position | Stop postion of high quality sequence
Seql-r 282 920
Seq2-f 178 890
Seq2-r 1275 830
Seq3-f 1126 840
Seq3-r 2194 780
Seq4-f 2080 790
Seq4-f 3263 840
Seqgb-r 3095 830
Seqb-r 4112 bad
Seqb-f 3854 800
Seqb-r 5034 815
Seq7-f 4818 800
Seq7-r 5919 830
Seq8-f 5766 820

FAAAZZE B = SYG321-Coll FAHSH Zxv=e 97 AYE 2H A Nod=
Xbal 91X} CDPE +3#}+2] coding region2 &2 3EAI

(2) =7 A 9F 77 FUES AT southern blot &4

SR

i

Bz
= =

d

CDPEE &3 Fo2r| =) Abdd A= SYG321-C= %52] 7Alw DNAC]
= Addel HA &1 ZT2vE FHE fFdo] HES AAHJH. T2ER, 55 vAdEY
Azl AF e d57F v oz Ajle] HASAE &dstaal, Sehzv=oA Al 2Hgh
probeE A3l Southern blot #41-& 33} T}

- Southern blot probe A2t

Probe 9] &FEo] HAHA AA FH2v=d Bt 4 AEF pCDPE vector sequence

E Ul FEOSE UFo] PCR $F3te4%9] primers A5 (¥ 1; £ 1), tHE probe®



A Az A= 55 Al DNAC Z2¢d 5 Sl= probes C glutamicum 2] brnF 3
2} (GenBank Accession Number AF454053)9] 714 EollAl primerE A3t
pCDPE 714 €< NCBI database (http://ncbinlm.nih.gov)el BLAST searchd}$l< H,

CDPE &2 promoter= 2% sod promotere= C glutamicum ATCC 130322] genome
sequence®] 100% &Y3tATE. THE=E, sod promoter & FHAAFTEH plasmide}t C
glutamicum genome Y% T WSS HY Zo]E=E, sod promoter?t E33H= probes A
25l7] Yek primer %S F7IE AZASIA T brnF probe] AZES 95t C. glutamicum
genomic DNA, AZg primer %, ¥ AccuPower™ PCR PreMix(Bioneer)E AH83ta] 95T 1
i, 94C 30% 56C 30% 72C 30%%E 35 cycle, 72C 5%3} extensiondt= PCR< T3 A&
< TOPO-TA vectordl cloningdt$Th. Biotin-labeled probeE A|2t3t31A} pCDPE vector$}
TOPO-TA cloneol Al ©+&3 22 PCR oA follA 272 probed FEZ& sl Azg
primer#& AbE3te PCRS F33+9 Tk AccuPowerPCRPreMix (Bioneer) 54, template
plasmid DNA (10~50ng) 140, primer (U. L) 22t 54, Taq polymerase 0.5u0, dNTPs (2 mM
dATP, 2mM dGTP, 2mM dTTP, 0.5mM dCTP) 6x, Biotin-14-dCTP 1505 F H3 50 =
PCR & && AH&3te] g0 Fth PCR 270 95T 18 & U 94T 30%, 58°C 30%,
72T 1&<= 35 cycles §F-&-A3tal, 72°C 5%7F extension & Ths 4Coll soakingst$ATh PCR 4F

< 1% agarose geloll &<%13t 1L, T bands ZebA HAAST $, BEFst probeE Al-E-3}
At

Zet2v = A9 Southern blotting & probe®] X 9 AdFa A X FEA.

) Primer
Probe Primer product
) ) start Sequence (5'->3") .
name orientation - size(bp)
position
CDPE CDPE-F 2408 ATGGTCCTTCTTGAGTATCT
CDPE-R 4107 AGATTTTTAGCTATCTGTCG 1700
Sodpro Sodpro-F 2475 CGCCTCATCAGCGGTAAC 345
Sodpro-R 2819 CCTTTCGTCGTATGCGTAGT
CDPE-B1 CDPE-B1-F 131 TATGGATGAACGAAATAGAC
CDPE-B1-R 2428 TAGATACTCAAGAAGGACCA 2298
CDPE-B2a CDPE-B2a-F 4087 GCGACAGATAGCTAAAAAT
CDPE-B2a-R 5351 CTCGTCCAGCCACGTGAT 1265
CDPE-B2b CDPE-B2b-F 5334 ATCACGTGGCTGGACGAG
CDPE-B2b-R 196 GACAGTTACCAATGCTTAAT 1732
brnF BrnF-F tccctcaagaattegtccac
BrnF-R attgccgttgcgattacagt 370

Southern blotting & probes®] Zz}olw A7|AE3 4AHETY]

-2 9 1
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23 WAAEA SYG321-Coll =% Eet=v| =7t AZAUolA Al DNAC vz oz
AAENSAE A Hst] WA E2t2v|=E ®Este 4 8 probeE o] &3hH
Southern blot 45 AAsAT A2 rl¥EdA F=F 7l DNACl dtiall HindIl (1H
lane) =& Sad (2W lane), wild type(Corynebacterium glutamicum ATCC13032)014 &3+ Al
% DNA (3 1ane)oﬂ sl AdEL Hindlll & A2st3lal, E2k2=0E DNA (@3 =+ 59
lane)E Sad =& AAMIS.E A 23t Southern blotE AAISHATE Hindlll= A 2% lane 1
CDPES}t Aol dld=<= ukel o] 22 2787 bpot 4082 bpe| DNA Aol ZAtstala,
Sacl£ A 2] genomic DNAE &% lane 29} plasmid DNAE &3 land 4+ probeQ]r 53
Aol o dE= vkel 2ol Z+zb 710 bpeot 6159 bpe] DNA HHo| Z3tA At

© 2 A3 lane 55 I 6869 bpe] DNA Hyo] #&FHAT 4, sod promoters 7}
CDPE®} Sodpro probesi= genomic DNAE g lane 1, 2, 3°lA %3t T& bandE HAF
om, HindlllE FYstAl A2]d lane 13+ 304 L7t 2719 gk F bandE H 53]
}. Genomic DNA®Y Sl sod®] F&HES©] plasmidol Hlste] ¢Fgt o]f-& plasmid copy &
7} "= 2] genome copy 9 10¥12 ZAHHHSL7] wf&Eo|th Plasmid DNA lanes¥ A}z
A &2 genomic DNA lanesol A plasmd DNA dA#He F& w9 A7|7} Hlzstng &
A =23 nAEY] MEF AZF plasmid9] copy F7F 10 Wl Y-S AAIGT AEH o=
B7IME B4 olH] 55 genomedll U= ACE A FH sod promoterol] &3 FHRHS
A9 etes Az v E2 DNAS Zekxu|= DNACIAE &4 probest A3t DNA &
Hol pattern©] 22, sod °]9ddl= wild type A& AFst= DNA o] ##EEHA &
HTHL™ 39] Panel A, B, C, D, E). E3, %59 Asitol EASE bk FAAA 23
probe%} ST 2P E DNAo+= ZAstA (%1, HindlllE FL3HA A2 Az vy E3%

9] Al DNAS L3 A7](%F 6 kbp)e] DNA A¥o| A3t al, Sads A 2g 7499
£ oF 8 kbp2l DNA HHo| AFsiAtt. 2oz o3 AAE 53t Az Sgxv]
E+= Als DNAC] Hl9 =08 A4dHA dstas & + A

ftlo
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Panel A, B, C, D, E, F
Lane Sample Restriction enzyme
1 SYG321-C HindIIl

2 SYG321-C  Sad
3 Wild type  HindIIl
4 pCDPE Sad
5 pCDPE Afll

SYG321-C A= "4 =29 Southern blot analysis.

Panel A,probeCDPE; PanelB,Sodpro; PanelC,CDPE-B1; PanelD,CDPE-B2a; PanelE,CDPE-B2b;
PanelF,BrnF. > 2 P 27} 6.0 kb, 3.0 kb2] X5 A A g
(3) Qualitative GMO PCR detection kit #| 2}

- AY =

A A2 AAES FYE o] Fdx A &2Q RYE ] st & FAAA =T
A& SYG321-Coll thste] Eolide 7HA= B4 £4He /Edstas =08 Az Soh2r]
to] CDPE #3Atet pCDPES] HeH-92l H7IMEe o83t SYG321-C 5o BA A=
PCR 7|E9} Al2hs A3

- PCR primer®] A%}

Az Fep2=r =9 CDPE A9 stop codon®] &4 forward % reverse primers
AZASFATHE 1). WEFEANE FAAZA Coynebacterium glutamicum®] 16S tDNA 97| A €
(GenBank accession number AY017107)°ll 4 §H4-2] primerg A 23} .

Corynebacterium glutamicum SYG321-CB74d w4 7| Eo| AH&H primer list.

Primer set name

Target . . Sequence (5'->3') Size

and orientation

3" region of CDPE and its  CDPE3a forward CTGGAATGGAAACTCGAGC 194

flanking plasmid
CDPE3a reverse GGATCCACTAGTTCTAGAATC
backbone

CDPE3b forward GGAATGGAAACTCGAGCA 195
CDPE3b reverse GGGGGATCCACTAGTTCT

16S ribosomal RNA gene  Coryl6S3 forward GGGGAATATTGCACAATGG 150

Cory16S3 reverse ~ GCTGCTGGCACGTAGTTA
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- A% 5l

Ax PIAAESYGR1-CHo] AAEA 71E Ads AsM UFIHd= /4 165
ribosomal RNA geneolA A|Zg primeret CDPE gene® 3 region® <133 plasmid
backboneol] A4 Al A2tk primers AH&-3te] multiplex PCRE 33T tx PlAEEA
C callunae ¥ C ammoniagenes & AH&3FATH Multiplex PCRe| A ARE3F AxE wA =,
T WAE, Ccallunac Cammoniagenes®l A= 16S ribosomal RNA gene®] PCR 4F&o] HF# 0|
SEHA oY, A2 vAd= 5] primer B2 A2 HAZANARE 5o] PCR =& A48
Atk B AFE multiplex PCREA thakdk 404 %3 DNA samplecl /] B =3 7|
=2l DNAZF SFHA=AE Fdsted AHEE 5 e A2z, & A4 PCR 71EE

SYG321-CE°] HAAMHEA 7|EZ A3}

— W < SYG321.C
_ e ; 165 (DNA

Lane 1, size marker

Lane 2, C callunae ATCC1444

Lane 3, C ammoniagenes ATCL1678
Lane 4, Corynebactenivm giutamicum
Lane 5, SYG321-C

PCR primer % CDPE3a (A)®+ CDPE3b (B)¥ Coryl6S3E Al&3 Corynebacterium

glutamicum genomic DNA<®] multiplex PCR 29| agarose gel 4.

1
>
o
o

2

CDPEE ICR AlFe] vhe-2ol @33 75 sidle w vetvde S4< sty AFAA
Z(ALD: Approximate Lethal Dose)< 13}7] 93t Al3d).

-AEEd 2 e

s & . CDPE
- SujdgxEZ

"3 05% CMC-Na
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= de |ss4(ma)| ssus o e

e = i = (mt/kg/131) | (mg/kg/131)
Male 5 1101~1105

G1 20 O
Female 5 2101~2105
Male 5 1201~1205

G2 20 2,000
Female 5 2201~2205

Gl: SMU==, @2 NEEE2 Tz

SAAEY] FALFA 2,000mg/kgS & A 1okl B A mE AETIon 5o
Sl BEHA FUth WA EAPE FoIEFHS 2,000mg/kge NEEH FoTLE st
Sl ZF O E 05% CMC-Nags T3t

- BE g AAEE

LS gHE

Eol goe Eo F 308 1,2 4 D 6AHH BAEPon, QIdRE 24Y 714 1Y 13
durEde BRHAG

AL dAl, TEeA, FAF 1, 3,7 B 14 S48

497 HEeE F AA FE e AFLS A3} Isoflurane v} S}l

W9 gug Auste] YA A F RS ANSFUL FAHoR BE

A A7 T BE AFTOAA A EES FEEHA Gdn mEpA 2 AP A A=l
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Ag A 713re] AF¥skbody weight changes) 3 A & (weight gains)= ##3F A3
Z Nz YT 2H2 334065 g¥ 29+1.80 g A HFS HYon, tgjxTo| vl g
Zol7b QT (p > 0.05). LE T FA BEFH AFEEe 247 31+ 121g 2 284087 g 0.2
T SAF AAA FYF Zol7F Itk (p > 0.05).

. 1=}
EEIES

Y

B}

w&713L

oft

A AT FEo U AYEA Al ol FaHLe FEEHA FAU.

e
ye
i)

-3 2

ABEA CDPES] mh§-2ol QoA B3I Eolo] o3 SHE 2AE7] A8 ¢4 217

0
2 2,000 mg/kg FOE FATFEAT & SAHAAZ] AMYE, dutEA, ASsHs @ FHEAA
Eul

< BEEAGY. SN BRI o) BT A BEHA FUT AL Tt AT
#H 3}k (body weight changes) % ZA &f(weight gains)= ##3t A3 iz vluste #3F

ZAFA QoA fAT Aot YAUTh EF AW FEE giglom, ¥
of HAHA YYOBT B WHPTR SHNGNN APZA w5
(ALD)& A< 2,000 ng/ked F8 5= Zo= FHAT
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—
"R AT TAeH FAA &
(127 - A8A Q=)
o dETA FolEZAE A

o A4t dolR ZAE MHA HAHsLE 5 g
&= /\Polf:’_é A B 2Estzd 29 o 98% 0]} Aho] AR Bt
o Afojz | - SMBE TR Aol A 100kg A] A8 AF
- $3E Aol o] 43 AR 27 w4 § e
AF AL g spolzos gh mem e AF |® Bk 0% B%AH A4

SQled Y5 £ Ay Az Ay | A
- Az 9o W2 Az Wy Ay ® Alo]F 2T fHrYu AL

AA S At

® io|:~ A3 7= AN

® FAA Apo]x e
s ogse| GMO ¥ : GRAS =& AJ~H) =0]|® RBS 7|3 : site-directed
= SHE=E| _ o ) N
os AHEL (Z2EH ) ] mutagenesis ©|-8
o - Non-GMO = : UVAE AA=dWolle AF Z2mE WHF
e o o3 BH
o i AY AE BFEF
o iolmz e BE %4 W (UAF, MUAF) (e AAE A
= AT Rl - SIBEAEAHANY, FASAANY, dETe AAF M 2A-FEH
37 #E Alg=aAE 7}
T o NAZE A 2A : kB StolA|e K5I BA AY
/\]ﬁ-]
1. &F AolZx A 2 £93 =4 3
7} Seed FUH HX2E
A7 He A7) 8] Aol Z 2 SeedE FHUE AAES FAIY Seed FYUF O uwhEt
ARARL Lolr7] ol HS} 2ol 1%, 5%, 10% AL E B 3 A} 1% FY Z7oA]
AR Ao WY £7L b wston], b 27 w3 BF 75m HE EA e F&

2 ZHAME 1% Seed T xxi0] 7H =4 YEkRH.

3 3. Seed FUF WE 2A & B 2AH AR A7 W

Seed 1% Seed 5% Seed 10%

274 A
v A
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&% H2AE

u gzt
Aol g AA A ¥ o wheh kel 27] 8 &0 Wt
Wzt £57F 5C/hre2 e A B 282 44 =717 10~15mel™, F&2 52% A=At
a8y, AC/he2 AADE W e Al B AR 4 A7 70~80mel ™, F&& oF
50% A== et o] 23 W4 £57F MAs EEdes dxsee] 277 R o
Al AN oY W7 £50F wedes dxstel] 7] Ws AsiA et ole

wRkze] WR7HA & Aol dASA ot AA AA Ao FFe
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244 H4E8 % (F8) 49.8 (52.7) 52.2 (43.9)
A7 1A
Hu| 7 oz
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7 A3 old E 5% ol
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DEE Aolms Y BE E 24 £& D 23 94 2719 W
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] M=
?;’%)jgg % 49.8 (52.7) 52.2 (43.9) 50.2 (46.0) 43.4 (30.0)
P
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Time (h)
A W A3
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o wkg SR Apolms i A AA

1) 8 ws / A3 AP 34

H o =X 7“0
cat | g | B2 |EaEs BT
= A F (us/cm) Q) Zeo | @ | MOEA | 7B | Unknown
Az =3 | 649 7.00 236 475 88.34 0.86 6.06 n/d
amstue | 507 19.20 223 483 6518 | 2373 6.25 n/d
By | 473 - 27.0 498 64.51 2325 7.26 n/d
o2 gy | 550 0.02 26.3 517 | 65.35 2294 6.5 n/d

- 4% wkgo] ¢nd Atoli 2 - Al Bagfilter ¥ M/F A% ool o|g &4

ot M2 578
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4. AolF= 143}

7}. Specifications of D-psicose(D-allulose), powder form

Composition Specification Analytical Methods
Appearance White crystal Visual
Oder No-oder
D-Psicose  (D-Allulose) >98% (wt/wt) HPLC  analysis
Moisture 2%  (wt/wt) KFDA
Ash <0.1%  (wt/wt) KFDA
Lead <1.0 ppm KFDA  (ICP-MS)
As <1.0  ppm KFDA  (ICP-MS)
metal <10.0 ppm KFDA

(colorimetric ~ method)
Total  plate count <10,000 CFU/g KFDA
Coliforms negative KFDA
Salmonella negative KFDA
Staphylococcus negative KFDA
L}, Specifications of D-psicose(D-allulose), liquid forml.

Composition Specification Analytical ~ Methods

Appearance Clear yellow liquid Visual
Oder No-oder
D-Psicose >20 % (wt/wt) HPLC  analysis
Brix >65 Brix  meter
pH 30 -7.0 pH  meter
Ash <0.5%  (wt/wt) KFDA
Lead <1.0 ppm KFDA  (ICP-MS)
As <1.0 ppm KFDA  (ICP-MS)
Heavy  metal <10.0 ppm KFDA

(colorimetric ~ method)
Total  plate count <10,000 CFU/g KFDA
Coliforms negative KFDA
Salmonella negative KFDA
Staphylococcus negative KFDA
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T}. Specifications of D-psicose(D-allulose), liquid form 2.

Composition Specification Analytical ~ Methods
Appearance Clear yellow liquid Visual
Oder No-oder
D-Psicose >50 % (wt/wt) HPLC  analysis
Brix >65 Brix  meter
pH 30 -7.0 pH  meter
Ash <0.5%  (wt/wt) KFDA
Lead <1.0 ppm KFDA  (ICP-MS)
As <1.0 ppm KFDA  (ICP-MS)
Heavy  metal <10.0 ppm KFDA

(colorimetric ~ method)

Total  plate count <10,000 CFU/g KFDA
Coliforms negative KFDA
Salmonella negative KFDA
Staphylococcus negative KFDA
2}. Specifications of D-psicose(D-allulose), liquid form3.

Composition Specification Analytical ~ Methods
Appearance Clear yellow liquid Visual
Oder No-oder
D-Psicose >90 % (wt/wt) HPLC  analysis
Brix >65 Brix  meter
pH 30 - 7.0 pH  meter
Ash <0.5%  (wt/wt) KFDA
Lead <1.0 ppm KFDA  (ICP-MS)
As <1.0 ppm KFDA  (ICP-MS)
Heavy  metal <10.0 ppm KFDA

(colorimetric  method)

Total  plate count <10,000 CFU/g KFDA
Coliforms negative KFDA
Salmonella negative KFDA
Staphylococcus negative KFDA
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(Th AFelz2s 90% ol AlY

Bt 1lot 2lot 3lot
1Y T 75 Brix (%)
T g 25%
pH 3.0 ~ 7.0
Aro] 2~ Bk 95.90% 95.25% 96.19%
ARk A+ (A H1g) EA= EAE A=
2w 2} EAE EAE 4=
A 3 AT EH=E 4= 4=
o+ EAE EAE 4=
37 0.00% 0.00% 0.00%
=1 0.0024 mg/kg 0.0021 mg/kg 0.0028 mg/kg
H] &

0.0011 mg/kg

0.0006 mg/kg

0.0018 mg/kg

() Aol =2 98% 0|4 Bk

0.0027 mg/kg

0.0059 mg/kg

= 1lot 2lot 3lot
1YPE FF
TR g
pH 3.0 ~ 7.0
Aol F 2~ B 99.44% 99.03% 99.43%
Aut Ml (A H1g) 20 X 10 27 X 10 20 X 10°
Abwd 2} EAE 4= B4
A E AT 4= 4= B4
o) 7+ E4= 4= 4=
3] 7 0.00%
=1 0.0065 mg/kg 0.0054 mg/kg 0.0017 mg/kg
H) &

0.0062 mg/kg
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IR E

AxHST Hedgd 2016-01-04

FREFEE P

AAFFAE | D2016010048

As7E $2 drdle] AASHE A oy g

AARYE & M7 A 3
AgEE ax AArEIA

& (%) 0.00% FEE

F5% (ng/ke) 10 o] 5} & e 4

Wmg/kg) 0.0095mg/kg R il

H] 4 (mg/kg) 0.0071mg/kg =

[(Fs5]-094

2016 149 13¢

TIN5 HEAT

ANERAZ71 54598 $4 #7715 AF AT heep://www khsi.re ke 23} (031)628-0400~1
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Al D2016010049 &

IR

2 20% °| 4 Al 2 A=A
A Al (F571%)
dAld | (FAdAdaEG T e
g2 | F & | dd 4T dgdz 730 (3eE)
4% [g88
B ESCES 49y | 2016-01-04
Aoz s | Fas AAHTHE | D2016010049
A7t 2] A7de] Al A9 gen geyc AATE & fHYx:7 B 3
AYEE E=E ArFERL
&%) 0.00% Ha &
+ 55 (ng/kg) 10 o}3} & ol g
a(mg/kg) 0.0048mg/kg g2
B] 2 (mg/kg) 0.0014mg/kg Foja

(F24)-1 44

Al

H

T2 4EAT 4

066 19 134

(Aha=dd7 588 24 @375 45 PL heept /v khsi.re. kr 2848,

(031)628-0400~1
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49 248
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D2016010053 3.
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AA 505 S|4 A 3 (ggﬁg)
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| % | &48
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100g¥ & Egste] ©= 95% o149 TE T4 T2 5~10%= #7Fe ¥, 20meshe] Al

AgE A B2 12A At F538AT. 7] F5E ST Alo]Z g EEE

55, 3:7 (w/w) Hl&o°l| oz}
AR v 599 Alojixyt £3E Ay &2 A
TgA AFHsIA AFstALH, dTFEE |

st AR AA eMe A AR Asia, AAted

D)

P73, GP55 2 GP37% W w3st3 )
9] #% PYrE AASYET. 7 Al e

43
N
N

o

gut | ool | alwm | @ | ¥z | wnAsy
A 10.0 1.5 1.5 1.5 5.0 5.0
Abol Z 2~ 7.3 6.0 4.2 5.1 10.0 8.2
SPI1 9.8 5.1 2.7 3.6 4.5 9.5
SP73 9.2 54 3.0 3.8 6.5 8.7
SP55 8.3 5.6 3.0 44 8.9 8.6

wut | oolm | A9 | 2w | gud | euxss
reg 8.6 5.3 34 3.3 4.1 7.3
e 7.3 6.0 4.2 5.1 10.0 8.2
GP73 94 49 3.3 4.0 5.3 9.0
GP55 8.8 5.1 4.0 4.3 7.0 8.3
GP37 7.8 5.0 3.8 4.6 8.2 8.6
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Aolmast Ay o EFoE s Aolms BFHT Buo] P olush ko] ¢
g5, 53 wgte A&4o] J1E A¥ngE A F4EE & F YU =V Aol=
2ot xR EROE As Aolns, TE 27 w=d wug dgo] o B
AZow, ofust 2% EF J1E ZEYH FAG FEOE Aolmx @S Hs @ity




AUAE oA dute] AA ALHAA ©ut 3 FtA =AX = Aol AdETh

ANE 20gs BF3] H&Fstd ZAHE Funnel (Orifice 1.55mm)ell Fi, AF A& HE AR

ME SEA HTA  (g/sec) | HA  (g/sec) (%)
Alo] F 2~ 3.78 +0.37 100.0
1-1 5.81 +0.23 153.8
1-2 4.54 £0.19 120.1
2-2 5.97 +0.15 158.1
2-3 5.72 +0.21 151.5

Zr Al 3g HAO] @ol &% 40T AUlEE 60+3% A2 F2ad5r]oA 15087 B
3} AE S8R

ofx
Nl
o
[
)
[H
2
>
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>,
ku
lo
oot
)%
ox,
o
R
El
e 4o
i)
5
ot
s
oft
i)
jifC)
lo
oot
)%
ox,
o
2
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>

= T 21 RSN NEE A
AbolZ 2 0.3356 100.0 -
1-1 0.2850 85.2 11.26
1-2 0.2580 77.0 +3.56
2-2 0.2952 88.2 1547
2-3 0.2011 60.4 +10.09
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7. AolFZ 2 AY kA
K =

7} AlelZ s EEFE A Hl (0¥ =
3L A
¥ Aol | BE pH A7}
2 & ) ., .
w4 Am SHF(%) (Brix%) (30Brix) (A420nm)
Nz | A3 ot 547 30.4 3.44 0.000
Aol I 2 P-10A1 9 10.11 29.9 3.79 0.000
AE T | Alo] F 2~ P-15A1 9 14.99 30.2 3.85 0.001
Aol P-25A 23.91 30.2 3.99 0.007

7 AZe AR £58 DEleel HAT T, A s3] 154 B2, BB,

L AN AFEE FENT A ZZaPL ol §ate] MF slol=aiele] BAl 3

b

=9 4

A

- Abol s P-10A 3t P-15AIY Alse A8 71 W o 2|3k AAo] H=H

of #5717 24 A& ¢ ol F Iy ol wEkA AbolZ 2 P-25AIH AlFRE

Oh M= FA W3} F2 772 A E(A420nm) = 0.02 o]

AR71ZH YD) 24°C 36C 45C
0 0.007
3 0.009 0.009 0.009
5 0.009 0.009 0.010
12 0.009 0.010 0.013
15 0.009 0.010 0.020
19 0.009 0.011 0.029

T 45T z7olA Zwo] wEA dojd. F4 Aol vlold



(\h) pH 2 ®¥3}: F2 774 pH (30Brix) = 6.0 ©]3&}
A 74713H(%) 24°C 36C 45C
0 3.99
3 4471 4.403 4.253
5 4.473 4.406 4.206
12 4.423 4.386 4.236
15 4.530 4.350 3.983
19 4.743 4.517 4.016
- pH ¥t 258, A% A G3Fo] 24 o, F4 4 W @S dEkd
(th & &%) 42 ¥t 54 744 3 &F = 28% ol (7] &FF tiHl -1%)
A 4717H(9) 24°C 36C 45C
0 2391
5 23.92 23.84 23.60
12 23.88 23.74 23.05
19 23.88 23.66 22.63
26 23.93 23.58 22,52
68 24.00 23.07 2221
- dste AR 2EEE Aol Aol wel F WEE JERY.
(B) FAAEE {871 A=
(7h A=
A e -FE8a3 W2t gL 5 M wE2EH2) T=2EHHE)
0 -0.0130 0.00 1100.47 3618
1 -1.0438 083 462,86 15.22
(*h) pH
As | AZTHY-EAH bl b RS FEIITHY) REECHE)
0 -2.0100 20.20 36,32 1.19
1 -0.4080 4,49 3317 1.09
(th B (%)
A= HEo-S8 A4 pild g b R S o =2IEHE) TS E)
0 0.3100 0.46 723.84 23.80
1 0.0388 0.02 73779 24.26
e A SH = JANA AP ARFT G571 2R 7P AAE ARE 74
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vl =l 7.3} Q. S
A5 AL A P AABE A
A A EE ek | e | m% | A | ke | 9" | 89 | B8 | )
H -

TE sa | s sa| g ww| A A | & |9z | 9w | 2 | B4 | e
1=} =23 2 0 1 - - - - - - - -
dz | alA 5 1 0 - - - - - - - - - -
2z | B® 2 - 1 - - - - - R - - _
dz | alA 3 - 0 - - - - - - - - - -
3z} =3 1 1 1 - - - - - - - - - -
WE | A3 4 2 - - - - - 4 - - - - -
A& | BE | 5 1 3 - - - - 0 - - - - -
A | A4 12 3 0 - - - - 4 - - - - -
2 [ 2% | 2 1 - |- - - - - - - - e
1x
e | 4%

85 | 23 2 1 - - - - - - 2 - - 2 -
2%

Gr | 4

£8 | 2% 1 2 - - - 1 - 1 - - 1 -
3x

SARE

8 | 23 1 2 - - - - - 1 - - - - -
4x

HARE

z2 | 2% | - 1 - - - - - 1 - - ) -

52}

ds | 23

2 | ZF | 6 7 - - - 1 - 3 2 - - 2
A
AH g A | 12 3 3 - - - - 4 - - - -
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