Studies on the development of genetically engineered
micorbial starters for applying as food colorants
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SUMMARY

Studies on the development of genetically engineered

micorbial starters for applying as food colorants

Phycoerythrin was extracted from laver(Porphyra tenera) with deionized
water, NaCl solution or phosphate buffer, and purified by procedure including
ammonium sulfate fractionation, DEAE-cellulose chromatography and gelfiltration
through Sephadex G-150. But this traditional purification method was very
difficult, complicated, highly labored and expensive not to apply this method
for producing phycoerythrin as purified reagents and food grade colorants.
With these reasons, we have tried to produce food and reagent grade
phycoerythrin without ammonium sulfate fractionation, DEAE cellulose and
gelfiltration chromatograpgy. Now, we developed new methods for mass
production of highly purified and safe phycoerythrin with easy, simple, short
and unexpensive ways by only organic solvent treatment (95% Ethanol, 99%
Acetone, 99% Methanol). This result indicated that phycoerythrin might be
potential sources of natural colorant for food and cosmatics, and reagent for
biological process. This methods will anytime apply for production of food and

reagent grade phycoerythrin from genetically engineered microbial starters.

It is increasing necessity of creating new microorganisms for mass
production of natural pigments for many application such as food industry,
cosmetics and medical usages because of both increase of natural pigments
demands and preference of natural pigments in foods. The phycoerythrin
(PE), which produces red colors under the white light, contents of two
major subunits such as alpha and beta subunits of phycobilisomes in the

marine algae of pophyra sp. We have focused on over production of



phycoerythrin from prokaryotic system to apply this recombinant pigments in
many areas directly or indirectly. This report covers the molecular isolation,
purification and characterization of PE from the red alga porphyra sp and
expression in E. coli system. The nucleotide sequence of approximately 1.1
kb which contain two open reading frames of 565 and 496 nucleotides
respectively with linker sequences. These genes were named rpep and rpea.
The arrangement of the coding sequences parallels that of the Rodophyta PE
genes, with rpefa located 5 of rpea. The two genes are separated by an
intergenic region of 76 nucleotides, and both are transcribed from the same
DNA strand in coordination manner. cDNA sequences coding RPE was a
member of a homologous family of peptides, the phycoerythrin.

In this experiment, the phycoerythrin was expressed in E.coli by diverse
methods in genetic engineering such as expression in single subunits,
coexpression, expression of mutant genes. Even though the production of the
each apoprotein of phycoerythrin was established, the formation of functional
phycoerythrin complex was not completed harmoniously. The holoproteins of
phycoerythirn seems to be caused by the formation of multiple protein
complex including heme-like structures and other accessory proteins. The
production of colorless phycoerythrin was detected by western blot analysis.

Further plans for this study to do mass production of the red holo
phycoerythrin are to introduce HY?2 (phytochromobilin systhase), other
accessory components, or cyanobacterial phycoerythrin reductase. These
genes were cloned and recently these genes have been expressed in many

different manners.

Phycoerythrin was no proteolytic, amylolytic, hemolytic activity, no
inhibition against beneficial intestinal microbes. The rat dieted with
phycoerythrin was no difference of body weight, liver tissue weight, spleen
tissue weight, and GOT content, GPT content, SOD activity.

For color food manufacturing phycoerythrin applied in the beverage, alcohol



beverage and solid type food. Commercial red color foods had absorbance at
424~521lnm wavelength, Hunter value at 6.49~6657 and pH 2.40~5.62.
Phycoerythrin had absorbance at 498nm, 562nm, 614nm, 651nm, different
optical density at different wavelength. The optimum concentration of
phycoerythrin was 50u¢/m¢ in beverage and 100 wf/m¢ in alcohol beverage.

Mass produced phycoerythrin was no proteolytic, amylolytic, hemolytic
activity, no inhibition against beneficial intestinal microbes. Solubility tests of
phycoerythrin powder were carried with emulsifier and sonicator. The
sonication had better solubility than emulsification. Phycoerythrin application
for color food were tested Hunter value, stability under different temperature
and ultraviolet radiation at liquid and solid state. Commercial foods for
applying phycoerythrin pH 2.86~7.0.

Hunter value was increased by increasing concentration of phycoerythrin
in transparent liquid food. Phycoerythrin had stable during 6 days storage,
and unstable in steamed food like jeongpyon of rice cake.

For increasing stability phycoerythrin  was encapsuled. The encapsuled
phycoerythrin had 1/7 appearance of Hunter value for the original raw phycoerythrin.

The optimum concentration of phycoerythrin was 4pg/mé in transparent type food
and 12u¢g/ml in non-transparent type food. The purified phycoerythrin had higher
Hunter value than crude type contained polysaccharide. There were no difference
between microencapsuled phycoerythrin and raw phycoerythrin at different
temperature, under different ultraviolet condition, But microencapsulated

phycoerythrin had better stability than raw phycoerythrin at different pH.
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. Phycoerythrin A4FH2R-1, 2R-2, OR)

3k

AN



o} fr7]&ulell 9] Phycoerythrin 8 4HAC, MT, ET)
g fFrl e deks ok EF A 28 Phycoerythrin A4k
7. A A Phycoerythrin o %84
8 A=Al ok o] AEH =8 2 A Phycoerythrin o Z84F
9. Microencapsulation
10. A AAqke] Ak st

® E coliol X9 A Z3F phycoerythrin A4k

14 AR 2wy

1. Natural Phorphyra phycoerythrin F+d2te] #g] 2 A7 dg 24
7}. Isolation of genomic DNA from Rodophyta

L}, Isolation of total RNA from Rodophyta

t}. Phycoerythrin gene amplification by PCR and RT-PCR % 97]-4%4]
2. Natural Phorphyra® #}%3% phycoerythrin® =3

7}. Plasmid DNA®] 2]

Y. Phycoerythrin 4%} &=

th. @& vector] construction ¥ FF A3

@} A =3 Phycoerythrin® &

v}, SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)

3. Natural Phorphyra phycoerythrin ¥ Recombinant phycoerythrin subunit]
GA A

7F 349 % 2 Immunization
v oWl dd Ao Sold E 97 A (Western blot analysis)

4, g e 2N ddS 913 AQE£g WHo] Phycoerythrin®] cloning
7}. Plasmid DNA9] g
1. Wo] Phycoerythrin +d Ao =%

t}. 238 vector® construction % & A3+



5. o] 223 Phycoerythrin® &+ &3
7}.. Wo] A %¥ Phycoerythrin®] 2a
1}, SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)
6. % @Al chromophore synthase -4 Ao g+ W w3
7}. Plasmid DNA<9] ¢
L}, ArabidopsisZ5-E Total RNAS] #g
t}. RT-PCR ¥ subcloning
2}. Phycoerythrobilin synthase (PEB AB) f#d#}e] &%
vl 24 vector?] construction ¥ A 7%
v}, Chromophore synthase fd#}¢] &+ ] &4
AL SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)

2 A A7 A%
1 Natural Phorphyra phycoerythrin F-d2}e] 2] @ 9714y 24
7}, Isolation of genomic DNA from Rodophyta
L}. Rodophyta®] total RNA ]
t}. Phycoerythrin gene amplification by PCR and RT-PCR
I AR R
2. Natural Phorphyra phycoerythrin f4#F2] e 2 dg A
7} A 4de 93 Porphyra Phycoerythrin® cloning
1) Phycoerythrin asubunit®] subcloning
2) Phycoerythrin Bsubunit®] subcloning
3) Plasmid DNA®] #2] % w5 A
. A %3 Phycoerythrin subunit®] o3 2d
1) M=% Phycoerythrin a, B subunit®] %3
2) A %% Phycoerythrin®] SDS-PAGE &<l
3. Natural Phorphyra phycoerythrin % Recombinant phycoerythrin subunit®]
A AT
7 &9 % 9 Immunization
&

U, He gd A Kol U A7t F4 (Western blot analysis)



4. Putative Phycoerythrin rod-linker 7% #}¢] 3]

b N-wE obi b 97149 B4

5. %3 ®o] Phycoerythrin 2 ¥
7}. ¥ o] phycoerythrin 2. ¥ & A =}¢] primer A A

. Wo] A% phycoerythrin L. ¥ ZWE o] )+ W w3

1) o] A %3¢ Phycoerythrin operon? &

2) A %% Phycoerythrin®] SDS-PAGE &<l
6. B2 A Arabidopsis(l 7]174) Phytochromobilin synthase HY?2

gt

7}. Phytochromobilin synthase HY2 7 %2}t¢] primer 4 7

. ArabidopsisZ 58 Total RNA9 &2

t}. RT-PCR ¥ subcloning

2}. Phytochromobilin synthase HY2 3] &

1) Phytochromobilin synthase HY22] w&

2) Phytochromobilin synthase HY22] SDS-PAGE &<l
7. BZM 2 Phycoerythrobilin synthase (PEB AB)¢] th+d] 2al
7}. Phycoerythrobilin synthase (PEB A,B) 7 %¢] primer A 7|
1}, Phycoerythrobilin synathase(PEB AB) o3+ W &

1) Phycoerythrobilin synathase(PEB AB) ¢ d&

2) Phycoerythrobilin synathase(PEB AB)2] SDS-PAGE <l

1 A Q7w 2 v
1. AdA=
2. Ay
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3. Microencapsulation® A} A 9]

7}. Microencapsulation® 2
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1. Microencapsulation %ol u}

g4 ¢ Hunter value A}
) =54 S5A9 Hunter value Z=AF

%
3) Tl A€ Hunter value ZA}
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4) 7] E}A o) A 9] Hunter value At

4. Microencapsulation©] ¢]3F A &lo] oF
7b X wE kg

U, 29 ZAbe] w2 Aol ohg A
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A5 AN E e &84 2
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Sl Z7kstel A%l et Balel Fulslelzta Q= @ AMelA A gL
QP4 (Stability)o] & T ALRTH HAH Safety)e] FEIE AAAL ALge]

Aoz aeEolof & AtgrolH oo ik &4t 2 FulE o7t Stk
Qo] 1990 2 A&MA AGFRE oF 2600/ Ao RN o] F MM AT}

2]
=2 AHES el A digk 877 dEE FEo] 9
R

109 A=Y Loz AAMLE TYNAE OF YUHAT B FRS 5
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@3t 190,000M/T o] thgAstE o] Fabs AFu|SAMG ol A wigh o
kol 4899w 758M/T, 13,1669 Wk), (‘00 800M/T, 13,143¥Wwkl), (‘014
810M/T, 13243 vt &= &2/ (A, W, Pophyra tenera)25H Tk =
AFH7MES AAMLEE dFom Aibste] Au 2 FFEY d85g, 19u
-

a0 Aok phycoerythrinZb4] Aaksto] &geto v FIP7RAE ST 7]aL

=

A} stolt}, &, 7] ammonium sulfate *12], ion exchange chromatography, gel
filtration chromatography 5ol 2]¢F A4t} wluste] wr]7lkol] AA| Koz §
BAjol Gz AEHIIEF I AHA phycoerythrin®] M =2 th=FEAA AA=

FEste] st A getat @rh AA AALE AFBGo] F3 vivig A

glol™ A ¥E Pophyra phycoerythrin <F 150,000¢!/mg(Sigma Co.)2] iL7}=
e = AAolnE AAHCRE gyt &84 THAEAE S F
A 7] L z; gk

olo wet i AAE AAALI 7HA AAYe] e AFHETY AN
22Ql Phycoeythrine Qb8 ¥ tpdst 2 Folo &87tsA48 & HES S AFH
7HERA Y ZHAE FRlstal dAdM it S T F A&ete] AETY
o mrtHEor ZWA &83uAt 3t} Phycoerythrines YZHF % T 2F
AN YeludE H2 Mr2A duldel 9td] stackTRE Hol lojA] A o]



o] MAE nature-identical colorantZA] FAFsH o2 tFAYLste] A H 3}
=

< AoRE AzHEn
TaEan, o] Mae FERFQ Aol wWol FHrEo] il e fEuetellA tiFo R
ArtEln 2] giA]l 5 Wo R FEShH A o] 88 4 IS Aotk
=, phycoerythring °l gene cloningat®] A %% phycoerythring o ZA4+a}k

gene cloning& ERol717] Srlale] WEAE Az A dEe Anggo] FA
o]Fo| A= ato] Ao wste Fyake] At vt

T, A ASE el #2
aEstelol & glola F& Aol

A FHsedoF & o]tk

X

(A F-A - 7 7] dfsta)

12} XM E £x79 phycoerythring A A sle] F3t 719
2b skl om, of&e] A3 H7HEF phycoerythrin® A4F WS o}
stttk 22 dxoAes daeg HEE W 5 A&sa hdste A
Wy o7 kAol AEZLHIIEF phycoerythring AN 4= 9= 2 71X A
AZ HE duxk 9k 33 QoM ®Hr Ao El
phycoerythrin®] W84 AAE sl o]& Fste] FYAS A=stal, ofb&
g Mo kA Z=thE 93k Microencapsulations A A&tAF slich H 1
22 AAWE phycoerythring WAL & 4 = A2 AAYHS sl

TIPS wolazt sl

(FEdA : Adao )

12 W= A 23} phycoerythring ¥ A4ksl7] $13] phycoerythring A}
AbetE AR U x2Fe EXFE5E phycoerythrin FHAS Belda 1 97
AEE AT 23 Ao A= o] Faxe] ddxd 9wy 7| FE 24
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Z phycoerythrin®] W= BiHs 98t Sx27o] A5A S FA
A QD el A v o m dAgtak gl 3 Wi
A FARe] Bd 2HS &Yl o] phycoerythrin ©] ]9l phycoerythrin®
A A HAHol| Hojete B duidel Fejet By 88 xS 24

stoen uR7p7kA e A %23 phycoerythring & AAkslaxt &k

o = phycoerythrin Y
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H 2z =de Z[eHd ¢

i

HA A r7 AFEE7] 95Fe] A EZHE AnthocyaninZl €} Carotenoid#| 7}
Ao wAEQ Monascus ankaZF-EE FE3Fo] &3

853w rh Ik 2Fo2HE E53= Cochineal MAats AA

Skal A AFEH AL Qo HEF ol ofEsHaL e AAolo

gy HoRRY FET ANLE AFHVIESSRE AFIHd BAS ¥
I o AA AE7HEE MAR ANSSE AS= Fol B o4 gldler, 534
2 ALE A AA ATt obd BEEEe THE HAToR 3 FHo| AFE
A7FEao=z /st Aoz A, A4S Yeidles MAadWel Phycoerythrings
TcEEA F&F £ AS 8 Fgolvh gHoEE avtE #ujE i Q)
+ A A Phycoerythrin®] 85 =ulolAl tiAlstal vol7} FE74A] ielstd]

BARE s g Hxo WHolg stk

AlFF o 2= R/D Systems Inc.olA 217Fe] cytokine TNF-a& 7 A38}7]
#18ke] phycoerythring Z Al A@A] ¢k FlurokineE vl Fo]™, Sigma
Co. ¢} Prozyme Inc. ©l4] Phycoerythring #7195 3} Chromatography indicator
dye %2 17t2 Fuj Folu},

2001d A =3 C-phycocyanin A4S cyanobacteriaoll A/l %3k o7}
Analytical Biochemistryol|] R ¥t} o] i7be] FAwj¥ il Q=
probe®] Ak &o]&tA Affinity Tags, ¥3% vl#AZ 37 fusion A2 + A
=2 3= 7|&S HA7Fslg A o] cyanobacteria AFA] W] phycocyanin®
biling ©] €3 o™ W3 cyanobacteria®] HEFAAA AA9 P w=rdd F
87F 7l wWidel 2 AAA Ede =4 gua @ ¢ v HE AR A
%3 phycoerythring A4Fste o e A AR AFs AdEd e
W oy ek gl Aol A wdst Well 714 operon ¥ E

Y2 T FA] o @] BAS f, Aloste VERA T Ao

o

Ao 7]HE ™, gene cloning®l

molecular

Yo



H 3 & dAxigdsd E & A

= = 0

L A8 A=

B oS TxFe AL, Porphyra tenera)S 48391 2™, Phycoerythrin
o FAet Azt 54 4 bBAE F8E A= T FH AR Phycoerythrin

Phycoerythrin
2% WG EH R FEste] 20CE Y dsh AR&3FSt

2. 4% Uy

7}. Phycoerythrin % A

Wed A g g@o]l24Z 71sle] waring blender® 130 3&4 33 &3}
a2l 24%F wwk - 223 5 bER - o Fsiglon, oj5S dAEd
(8,000rpm, 20min at 4C) ¥ F s He FAdRaEES 10~50%7H4] FEH=E

(102%342) 7hska 4TAA 1247 AX F AARs ] 454 LH3g

A o] FALYEES
Fodaedeel 48 Hde £ F olF Bl 0.00IM Tris-HCI buffer

(pH 7.5 FA3taL, 0.0~02M NaClZ gradient A7l § A EEste] A

i
o
off
!
it
Ak
ofs
Lo
=l
o
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=
o
[u—
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S At} ©o]E5<& DEAE -cellulose ion exchange chromatography(column : 4.5

x 28cm, buffer : 0.0IM Tris-HCl buffer (pH 7.5) with NaCl gradient(0.2~0.4M),
10.0ml/tube)dtd 0w, Z} R 53 HPLCE #413Fo] Phycoerythrin 8 &S el
3tk o5 T3 F Sephadex G-1502.=2  gelfiltration chromatography
(column 40 x 98cm, buffer : 0.05M Tris-HCl buffer(pH 75) + 0.2M NaCl,
ATml/tube)dtl o, 72+ FRES HPLCE #4189 Phycoerythrin &S &Helst



T olES golaFolA 12A17F FA F A4 stal deds sAUXS
A EE AT
W o 2 Phycoerythring A AI8h= A4 AFE-$ HPLC:= Shimadzu
10040E5  injectiond} <]
buffer(pH7.5) + 0.2M NaClS &= 3}, 0.7ml/min. %71
Aok mEg
Waters system

2

L}, HPLC
system(Japan) . %, Synchropak GPC-100 column®ll
A8t A& HPLCE

o2 s oem, UV detectorE AFE3Fe] 280nmet 565nmel A 24 5153

=
=

0.06M Tris-HCI
TE
filtrationd}e] sample

ko3
T

=
of &

1<% Phycoerythrin
(USA)ol e TUd oz A3}

o A7 E
(g roading 3FA Tt} separating gel2 8%, stacking gel2 5% polyacrylamide

1) Polyacrylamide gel electrophoresis(PAGE)
EAA%ZH Phycoerythring 3% ZHF
AL83F99 o™ stacking gel 15mA, separating gel 30mAE ¢F 5087F H7|9%
SRS B

buffer(1%6 BPB, 100% glycerol, 1M Tris/HCl, pH 6.8)¢} 1 : 42 &3t3st9] 100
AL =

coomassie blue gel staining solutiono. % <213}

stFom, dF F
2) SDS-PAGE
AA
gel 5% polyacrylamideE AF8-3}1$ 2™, stacking gel 15mA, separating gel 30
45 F

filtrationdt Al &3+ probe buffer$t 1 : 42 E3Fstx 100TCoA 2~10% #
[e}

=
1040E loading3d}ith. separating gele 15% polyacrylamide, stacking
coomassie blue gel staining

Ml
% (Sigma 3%)¥ wluLslr] 98)

&
-,
oF 60%7F #A7|9gd% dgon,
solution®. & G Matm &M E ot}
E

zzé

mA=

=

Z}. UV Visible spectra
MArE AAGAEE FAEH] FAvjy =

of, agla ALk M9 spectrumS W] wstr] $8e] Shimadzu UV 1201<
Stk A P AdS FA35t7] @A = Phycoerythrin® & of &5 3¢

AFE3Fe] 700nm ~200nm7FA] scanningdte] 159 absorption spectrad w3}

=
=



e Aol s dolr 7] 9kl A AA(Yasuda Seiki, UC 600 1V,
Japan)E AF&-3ke] Hunter®] A AQl L, a, bzto® YERUATE ojw] WA
] L, a, bat2 ZH7}F 100.01, 3.15, 10.89%1

Mo HPFrE dolH 7] 93}9] luminescense spectrometer LB50B (Perkin
Elmer)S Ab&3le] ZAs gt =, wellol 2H2 50u0% ¥ 3 Exiting 380nm,
Emission 630nme] 2702 3to] =491, old siltS 1002 3%

Ab. DEAE-Cellulose®} 7181l & ©] &3t Phycoerythrin o & A4k

DEAE-Celluloses} 718 E ©l83 43%37Few Phycoerythrin®] ) &4
A fleke] thee B 7EA RIS ARRSEleH, Alae T ddA At
A A 20T s Bystw Abgagon AL 2AE 9
sto] AlZe] 05M NaCl 89S 10Wl=F 7}8to] waring blender® 13]¢] 3%4
33l A § 4Te] 1243F AR & & ofFste] 4= 2 (8,000rpm, 20min
at 4TC) 3 Y. A5 AqS ol =2 4ToA 7243 Wk - T4 & AR
st A% S 0.001M Tris-HCl buffer(pH 7.5) % #H33A 71 DEAE-Cellulose
of FAAIA 12412 AA T hEREA o ¢2E DEAE-Celluloses 0.1M
NaCle] &%¥ 0.001M Tris-HCI buffer(pH 7.5)° 1A13F d& & <351
= DEAE-Celluloses= 0.15M NaClo] 3% 0.001 MTris-HCI buffer(pH

>~

7500 8A7r AGAA Mrt $EH ST R F AYRse] F5e
A nd o gt
) 2



FAR F dAdZste]l Ao e FAAX Tk olE PR %7l lip
gloss& Al &Fsto] AMdS AESAT

3) LG ol eiolA 4843 awul - FAGn AR F AF
99% Acetone @S 7hstal 12417 AAF = dAEEste] A2 HAAS
Rotary vacuum evaporator® =3 & TZAAZx 3} )
A Aol A B ARSI o] 2 II-PRE 7|8t L, lip glossE Al Zake] A
4g AENATH

95% Ethanol %S 7kt 12A13F AXt & JAEZS s Aol 99%

°o]& II-PE 7|8k, lip glossE Al #s}o]

o}. Phycoerythrin® <4 A

1) 3o 43

Ao Fdel gk PP ZF
At s gotry] 9ty dATE
45 AR, A, 4, = 2
o A AF ZxAsH(AEF)elA 9
=5 565nmel A &4l

2) &, ¥ ¥ ethanol®] <33k

FED Y Loty flste] AMAde] 4Fe] @(NaCl, KCl, MgCly,
CaCl)= 717} 100%9 s&=7F J=% Hrtstslen, (e 43S dotr 7]
st AL Ao 4F o] Y(glucose, fructose, sucrose, maltose)= 27 20.0% 2]
TE7F HEE HUbstAth £33 ethanole] FFES Lolr 7] fsto] MA o
b7y 5%, 15%, 25%, 40% % 50%¢] F=7F HE% 95% Ethanols % 7FstSd
th o]E EF 4T dadA 3093 Basty 4 (Ao E o5 E FF
&5 565nmol A &4l

3) vl I

w&olZe] JEs dolr 7] 9ol 3F 9 o]l (FeCls, AlCl;, CuSO4)=



Z7F 1.0 x 10°M¥ 1.0 x 10 'M9] s=7b H%s Hrbste] 4T haolA 44
| & A4 Wsts S48

4) #7175, &7kl 48 pHO 9

citric acid, tartaric acid, acetic acid, lactic acid % Na-citrate,
Na-tartarate, Na-acetate, NaHCOs, Na,CO37} 249 otgAdo] nx= FasS
dotr 7] 5k *—Hi%‘i‘ifﬂl ol59 Fx7t 1.0%7F HEE H7bskal 25T i
of 24A1ZF AA ¥ 700~200nm7t A 9] FF~HAERS S E3 pHel
g FIFS dotry] Skl MGl 3ujFe] Zb pHE $F-89(pH3 ;
M/10 glycine-N/10 HCl, pH4~8 ; M/5 Na.HPO,~M/10 citric acid, pH9, 10
; M/10 glycine-N/10 NaOH)& 7}ataLl o] 55 25°C Shaell 2443k AA 5 70
0~200nm7HA 158 FFAdEDS SASAN. olwe] pHE 742t pH 3.0

4.03, 5.17, 598, 7.03, 8.08, 896 X 9.83< e AT

N
N
1

ZF. (NHp2S048F 7181 & o] 83 Phycoerythrin®] o] A4k

(NH4):S049F F7180E o] &3k W] <3t 213% 3 71% 3 Phycoerythrin®]
AFEAS flete] 2o 2 7HA WS ARSI o, AR Ad golA
AAE AAEE 1S -20T e WsAe B Algstgon 2 AAS x4
B 10u) = 7}l waring blender® 13]ol 3

3t7] $1&to] A8l 0.5M NaCl &<
B33 AE F 4Tl WBAFF AR F ok oFsiar 44EE(8,000rpm,
20min at 4C)ste] A5 dS Aqlon ol& Algd Zz stk

SESPAIA 12413F AR s o5 A

T .35
e AMe 3EE Po|esE RAY FHS%L 9ARY ¥ ¥ 4%

S

st A& A
oo EFe] 95% Ethanol& 7Faha 12413 AAsksich. o A4Rstn 3
Soe T2t GoleFE 24T FAS] QAR FEe BAUE &

95% Ethanol T &< 7181 1247 A & QA Ry se] Ao A

L "ol o4 24 A B



99% Acetones 7Fsto] 12413 A At ow, o]& PAEe & * HHAES &
25 "ol UM FASta YA st deds

AAzE NEE 2302 X780

Z}. DEAE-cellulose®t (NHy):SO.E AHESHA oh M2 el o3 &
9] 2% 7}E§ Phycoerythrin®] o A3 4t

DEAE-cellulose®t (NH9):SOsE ARE8EA] ol & o] whstal FAAd =
kA o] A3EZH71E-& Phycoerythrin thEAAA A FHS ¢ste] o
A e AREER e, AEe Ad shellol A AMtdE AAdE A4S -20T 9
Ws A Bt AFEEFS

1) Phycoerythrin A4HR-1, R-2, R-3)

ARE 10 Fe] doleFRE 33] AlFsta g F 5w 0.5M NaCl &
NS 7}8Fal waring blender® 13]o] 384 33] A7 & 15CoA 2417 BFH
g & 43 olaalal A40%2](8,000rpm, 20min, 4C)ske] EMAH o2 B9 o
), ZHAb= S e 0.5M NaCl 84S 7hstar 15Cel A 2447 X3k & A4
HEeste] dsds 14 5 2R3 Ef6to] =449 RE &3t

T %9 95% Ethanols 7}stal -70C2] deep freezerol

127 7F AA 2 A i, AAs s2e dolyR 1241 F48

A

0 QAR @ F 45ds AR o, ofF R-12 E/133
B EA40 R F e 959 Ehanol® Ahn 4CAA 1240 44

QAR A, As Ao Fo 999% Acetones 7}Fatal 4TolA 124)7F A X
T AR sy, AHE sE2s GolgE 1247 FA st dAE e
T AeAE TAAXE e, o5 R2% &7t

Acetoneg 7}t 4T A 12413+ AR

%
A48 Hex, AAe s2t DolprE 1247 FAsw: A4re @
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o
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AAS 528 go]2F42 1247 FAsta 9y & 459

drx sglom, o2 R-3o= x7|sHGith

2) Phycoerythrin A4H2R-1, 2R-2, OR)

== 1ouﬂau gol 7= 33 AHsta &4 & 28] 0.75M NaCl &
Ng Jheta AEH RIS FHAITI7] §l8ke] 30T &-27]el 244 2F A A8t
At ol F SHH%M 0.75M NaCl & 9& 7hsle] anpkalar 15T A 7241 2F A A
(BAIZF 7HA wh) gk & b o] ebal Y4l E](8,000rpm, 20min, 4TC)3te] &
Ardor stgom, A= 5ujEel 0.75M NaCl €98 7hstar 15Tl 36

WE QAR 14 FE 2L EFato] =
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N
N
N
N
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Rl

7} 22N 9Rd| F o] 95% EthanolS 7Fsha 4ColA 12412 Ax] &
AAEY A, s Ao FEHo 999% Acetoned 7}stal 4T A 124
< A s %‘%ﬂ—% BEE "Hol24 R 12417 B AR g

=
T AeNE TAAz 9 on, o5 2R-1E H7|sH At

)
ox
,

L) Aol 9Re) E=#o] 99% Acetones 7}t 4TolA 12417 A= 3
AR AL, AAL B2k Golefn 1247 FAgn YA @ F
A A 2] 99% Acetones 718 4TolA 12417 A & AAE
getdal, AHE E2F o252 1243 FA5 g4 3 & A5 ds
FANZ R o, o] 2R-2E ¥ 7|5}

th) FA ol 2Ro| F o] 99% Acetones 7}atal 4T A 12417 AX &
AR ¥, WS EE2E o252 124 F4 3 dAEYEY G
NE FAAZE 3o, o] ORE 17|kt
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1. Phycoerythrin 7 A
Stk E Bge HAHxA

w % s
R AHE F4% A Fig 142 2] 02~03x3F FFEAA 280nm<}
565nmell A ¢] peak7} A A YERRLTE ol HAE $3lA+= 02~03%3 F

TS ARgstd oy dFAAS s &5 THAITIZ] ekl 0.15~0.35
x3} Alolo FES A& Y EE 02~03%3 S dol24 F
4 & F33t9 DEAE-cellulose ion exchange chromatographysle] Fig. 2 ol
A ek 7ol 50~60W tubedll Al A A} Tl o] g X|Ete] 0|55 HPLCE 4
b A3} Fig. 3 oA} #o] 53~551 tube’} FEdt FEIE e met
/] DEAE-cellulose ion exchange chromatography® 53~55%¥ tubeE 4 & 3}¢]
Sephadex G-1502. % gelfiltration chromatography 3] Fig. 49} #& A=
At ZF tube 55 HPLC® #43%F A3 Fig. 5042} Zo] 104~1059 tube
A @Y peak7t UEILY oS E8dte] 4TolA 244 7F uwk - A 52
AE2](8,000 rpm, 20min at 4C)sto] s S sAAZ et g FAE A
2o AAE ER1S flgte] 71E(562nm/280nmy 5.3, 562nm/496nm <1.5, 612nm/562nm
<0.005)% wlm e w] Table 1ol 2} o] FFFE<(Sigma) (R-phycoerythrin :
0.993, 0.743, 0.080), (r-phycoerythrin : 1.754, 1.076, 0.066), (B-phycoerythrin :
2662, 2.289, 0.043)>, AAANZ=(2.85, 1.24, 0018)Z e} - A phycoerythrine
HEEol vste] el dEdt Al dEE JeEhSlch

‘1

Table 1 Comparison of phycoerythrin by absorption spectra

562 / 280 562 / 496 612 / 562
> 5.3 {15 <0.05
R-phycoerythrin(Sigma) 0.993 0.743 0.080
r—phycoerythrin(Sigma) 1.754 1.076 0.066
B-phycoerythrin(Sigma) 2.662 2.289 0.043
purified sample 2.850 1.254 0.018
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Fig. 3 HPLC pattern of each fraction from DEAE
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Fig. 5 HPLC pattern of each fraction from gelfiltration
chromatography by Sephadex G-150

T3t A phycoerythrin® ==#H4S ¢3te] UV/Visible scanning 3+ 23}
+ Fig. 6914 ¢} o] AA T phycoerythrin® #53%(Sigma)ell H|ste] ®H ) A

3 A1 ¢] Phycoerythrin spectrum-g e ST}

1.000,

¢ Sample No. 3(Purified)

. B-phycoerythrin(Sigma)
: R-phycoerythrin(Sigma)
. r—phycoerythrin(Sigma)

4s0.0
Wavelenath (nm.)

Fig. 6 Comparison of purified and standard phycoerythrin by Visible spectra
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1)

208kDa—

131kDa—
96kDa—

43.9kDa—

31.4kDa—

17.8kDa—

(7}-2)

M : molecular weight marker
(BioRAD, Ct.No. 161-0324
M = Kaleidoscope Prestainend Std)
Lane 1 : sample No.l
Lane 2 : sample No.2
Lane 3 : sample No.3
(7}-1), (7}-2) : native gel
(1}) : CBB-250 staining

(b

Fig. 7 Polyacrylamide gel electrophoresis pattern

TR

96kDa—

43.9kDa—
31.4kDa—

17.8kDa—
8.3kDa —

M

1

M

Fig. 8 SDS-PAGE pattern

1

M @ molecular weight marker

(BioRAD, Ct.No. 161-0324

Kaleidoscope Prestainend Std)

Lane 1 : sample No.3



1 : DEAE fraction(DEAE)
2 : DEAE with Ethanol fraction(I-P, I-L)
3 : DEAE with Acetone fraction(II-P, 1I-1)

4 : DEAE with Ethanol and Acetone fraction(III-P, III-L)

Fig. 9 Color pattern of phycoerythrin from Phorphyra

Fig. 10 color pattern of lip gloss stored in the dark at 2T

* 0 day * after 30 day in the dark at 2°C

1 : DEAE fraction : DEAE fraction

2 1 DEAE with Ethanol fraction : DEAE with Ethanol fraction

3 : DEAE with Acetone fraction : DEAE with Acetone fraction

4 @ DEAE with Ethanol and Acetone fraction : DEAE with Ethanol and Acetone fraction

oot

* used I-P(DEAE fraction)

A : none
B ! treated with FeCls
C 1 treated with CuSO,

metal ions conc. : 1.0 x 10'M

Fig. 11 Color pattern of phycoerythrin with some metal ions
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Fig. 12 Effect of Light on the stability of phycoerythrin under
various filter conditions
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Fig. 13 Effect of salt on the stability of phycoerythrin
prepared in the dark at 4C
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Fig. 14 Effect of sugar on the stability of phycoerythrin
prepared in the dark at 4C
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Fig. 15 Effect of ethanol on the stability of phycoerythrin
prepared in the dark at 4C
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F715E 2Tk Ao mAE G dotR Y] flste] A ol&E
Z+7F 1.0%° st HEs H7be A3 Fig. 16 oA ¢k o] UV/Visible
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ol FH AL FF=g = ZH2F 0.8046, 0.7876, 0.9499, 0.7680°. 5 A stH lom ¥
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ol FHeR AFel Agstud ¢ 49 Amel bgsh Aeo] AAHolof &
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Fig. 16 UV/Vis spectra of phycoerythrin on the acids and alkalis



pH & JH —— pH 3 : M/10 glycine-
N/10 HCI buffer

pH 4~8 : M/5 NasHPO4~
M/10 citric acid buffer
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pH 9, 10 : M/10 glycine—
N/10 NaOH buffer

e

|
I| e revelation pH
-III
| s pH 3 = 3.08 pH 4 = 4.03

pH 5 = 517 pH 6 = 598

b _'.' pH 7 = 7.03 pH 8 = 8.08

e y
% ,-'Jl pH 9 = 896 pH 10 = 9.88

Fig. 17 UV/Vis spectra of phycoerythrin at different pH
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2722
3:7-3
1 2 3 1 2 3
1 2 3 skin lotion(phycoerythrin concentrate : 0.005%)
0 day after 30 day in the dark at 2C

Fig. 18 Color pattern of phycoerythrin Z-1, Z-2, Z-3 and skin lotion
made by Z-1, Z-2, Z-3

6. DEAE cellulose$t (NH):SOs& AHE3HA] 9= A= el <

sk ko] A
A 7H=8 Phycoerythrin® th =484
7}. Phycoerythrin A4HR-1, R-2, R-3)
AR Mol AR F4 54, Hunter value, 335 % F&5 SAHI
A3} Table 2 oAk o] AP Al Phycoerythrin 7HA 34 F454S e

WQow R-27b AMES FFEsL Fol b FEF JHE R ol
o ArgmA oRE dolur] % A/1GE Avksl AP Fig. 19 o4}
B g pio] $UsA et Aiw A9l Phycoerythrin
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Table 2 Spectral characteristics, Hunter values, Fluorosence intensity and yields

Sample maximum absorption Hunter value quorosepce yields
wavelength(nm) a b L intensity | (%)

R-1 | 564.0, 496.5, 370.0 8716 | -35.18 56.02 39.36 0.78

R-2 | 564.5, 496.5, 372.0 91.74 | -3361 53.65 49.55 0.73

R-3 | 564.5, 496.5, 366.0 8364 | -32.06 54.95 37.24 0.68
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Table 3 Spectral characteristics, Hunter values, Fluorosence intensity and yields

Sample maximum absorption Hunter value Fh_,lorose_nce vields
wavelength(nm) a b L intensity | (%)
2R-1 | 565.0, 496.5, 371.5 90.48 -30.62 | 53.64 94.47 0.76
2R-2 | 564.0, 496.5, 371.0 88.30 -29.89 | 52.45 46.70 0.75
OR | 562.0, 496.5, 306.0 80.30 -20.32 | 48.73 31.07 0.78

ot 718 93 Phycoerythrin A4HAC, MT, ET)

Aakd Aol 7hABA F4EA, Hunter value, §3% 2 F&& A3
Ay} Table 4 oAt 2ol d¥ A<l Phycoerythrin 7FA1 34 5548 e
woleow AC7E Aol g3wert ol 7HE 45e AuHlE Jehdd ey ET

= F33A Y. AT MTE= 99% MethanolS AFS-3F= Z\O]Ei A ok
FEY AF FETES =ol7] Aste FEHS ool 7t
Av AFHVIER AFEE Agola A B FEdAE Aolrt U]Ulg}‘ii
Aol A7let A4S ko] AbgaskA &= Zlo] Ft
3 g olEe] MaAnwd oRE dolry] 93t AV|YE Aypel Mg

Fig. 21 olAeh o] Aayrwl wuld Nio] Fshl e} Aavudel
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Phycoerythrin®} & S1tgieh, @l o5 Axe] Mue RAl 2 o mF

3
23 AAE YEhlo] AHEF7EE RS ZHA7F dSE ATk deE T

Table 4 Spectral characteristics, Hunter values, Fluorosence intensity and yields

Sample maximum absorption Hunter value Fluorosence | yields
b wavelength(nm) a b L intensity | (%)
565.0, 496.0, 372.0,
AC 90.79 -22.97 51.71 55.08 0.86
305.5, 2785
565.0, 496.5, 371.5,
MT 89.82 -28.85 53.36 55.19 0.83
305.5, 278.0
565.0, 545.5, 496.0, B
ET 377.0. 3055, 277.0 89.84 27.31 52.88 55.33 0.81
o 718 doks fst EFA e 9% Phycoerythrin A4HSD, NSD)
AAAE Aokl T 2REE fU18We] ARS Aste] BRAZE A
S E2FEE AT Aol AZRFR e MiAogRE A Mo JHAH
A F+57d, Hunter value, 8% % F&& 5435 23 Table 5 oA 2
o] A3 A<l Phycoerythrin 7FA3d F554S YeEdAG. AR 2F0x
hA] S AL agk 9259, ¥ % 551884 453 AAMS YEhgloy B3
Az AS agk 2747, ¥ = 6952 HER o™ 565nmet 496nmell A 9] 53
EHE AgEs] vol Aaduido] WA E o] AlAE Aoz Addn weta &
FAXE & AF Foll g3t &Aoo m Meo] B A L A E o] A E
Fbe SUAHS dokshs BAo] Geht AAMAR AFgesldE XA

2

dEth 18 eE f718WE dosr] fsiAe g F A E

ojt}f UF systems &-&3to] 293 555 A AAstd a3449 3ol

dH@ . A7 UF system® 4% vlsystem *I2]A] hollow fibero] 1t

membrane®] #3= A$7F AF BAWEEE Vibration systemo] H-2HE o] of
s =

| o dolny] 9% 1719%

o
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Table 5 Spectral characteristics, Hunter values, Fluorosence intensity and yields

Sample maximum absorption Hunter value Fluorosence| yields
wavelength(nm) a b L intensity | (%)
565.5, 545.0, 496.5,
NSD | 366.0, 334.5, 311.0, 92.59 -31.34 54.13 55.18 0.76
276.5
SD gggg’ 5435, 4%.5, 27.47 -11.77 81.46 6.95 1.29

7. A A Phycoerythrin® o= A4t

WAE N2 ANFH FEEY 2

QA

43 A3} Table 6 949 2
o] Z3&A <2l Phycoerythrin 7}A| 34 T S YeEyd o B-33 B-47F
566nm/280nm kol Z+Zb 3.110, 3.20822 el ©@ulE giv] Aer) =& Ao
2 v o w, 620nm/566nm #E-2 B-29F B-3elA Z-7F 01335, 0.11262. % i}
By d5d AAGHE YEHAT. o] 59 Madwd ofR s

o] 20ugs loadingdt X179 % Ay Fig. 23 oA Zo] MAREy gy B
ol FUsA YEhY AMA Al Phycoerythrin® & &1t o, HA&
°F 100kDao.= UEtEt. o= F9 F3iom FARS
o7} v= Ao 2A B group®d A Ad del=ibd S e o AbA o] Aol
of 71Q1gk Ao w wAekdrt. B-29 B-3¢ 4% @< band’t UHEY &£&=7F =
< Ao Z JAHT oo FAAF-E A&ty flste] B-29F B-3& 74
50¢eS loading?d A7|9% A3 Fig. 24 oA o] &< band’} e
&3 o]l& B group® el Fig. 25 oA ot o] 45 HAS yEhlin.
Tg HPLC=Z %5_—***‘6}04 AR5 Flg AR Fig. 27, 28 oAk 3o
565nmét 280nmel Al 835 A A" AS & T ARew B-2 280nme]
45 FRER ‘JrE]r‘Jr peaks RIS ARA A5 GolstA AAd 4 dvkar
=l =, :"ETfF HEF ] ofgh S vlagk A= Table 6 o419 o] £&
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Table 6 Spectral characteristics, Hunter values, Fluorosence intensity and yields

Sample maximum absorption 566/280  566/495  620/566 yields
wavelength(nm) > 5.3 (15 < 0.05 (%)

B-1 | 565.5, 546.0, 496.5, 331.5 0.9851 1.1490 0.0341 0.10
B-2 | 5645, 496.5, 402.5, 333.5 1.7985 1.3421 0.0083 0.68
B-3 | 565.5, 496.0, 334.5, 278.0 3.1110 1.3990 0.0046 0.38
B-4 | 5645, 496.0, 334.5, 279.0 3.2082 1.2053 0.0126 0.14
B-5 | 565.5, 496.0, 334.0, 274.0 0.5241 1.1814 0.0685 0.35

8. A=Al 23t FHe] AEH7/MEF 2 AA| Phycoerythrin®] o=k A4k
B F4o] &<l 99% Acetones AFE3FA] 23l 95% EthanolHS ARS8

st g s xE vl A7 ay 2 99% Acetoned] ZFW L gas el

e ARHL H9sn FA) ARYNI PABL BEF FANLE P

st AAAG Y kS Astaxt 70T Ao 93k Maghid WEHag
of 9% ALhE AEEGth oo wel AR ALl TRARAA FEEA
Hunter value, 4% 2 +&& 54 Z3} Table 7 dlAe} o] AFA<
Phycoerythrin 7FAl 3 S+54S YEUSl oW -70P2] 749 agt 91.46, 3
L 546302 Fsg AME YEU oY 7059 A% agk 35.32, FF %= 1365
2 ANE7E A et o5 Maduld o RS olr ] 93 HVd
Aol AMele Fig, 26 o 19} Aol AAFEI duly Rio] FAA e
g 2 in¢} 749 @ band’} YE}
U 7 52 Zow ddEy. ol AAlRE &letr] flste] F4 29
Edo o3t FS wwst A= Table 7 oAt o] -70P7F 566/280 kol
3.6566, 620/566 #tol 0.0041=2 FEst AANEHE WEtWdt 18y -70S+
566/280 @tel 0.69730.= whulz o] MErE e RS o ¢ ok =
HPLC®Z 43 A3} Fig. 29 olAek #Zo] 565nmelt 280nmell A =43 23}
A As & 5 AdAdem 280nme] A

51
= —r __'
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T 'ﬂf =
%!

x
B>
i
=
i
-0,
)—U
=
<
(@)
o
(@]
=
<
<
=
=

~70P2] 7 2 ol
A7 AZHAGL FRAG, AT 7052
B (566nm/280nm = 0.6973)3 Ao = vjeh}



Table 7 Spectral characteristics, Hunter values, Fluorosence intensity and yields

maximum | 566/280 566/495 620/566| Hunter value | Fluoro- yields
Sample| absorption sence |7 g
wavelength(nm) > 5.3 C15] <005 a b L intensity 0
565.5, 545.5,
-70P 496.5, 335.0, |3.6566 | 1.4202 | 0.0041 | 91.46 |-19.30{50.06 | 54.63 | 0.62
309.0, 278.5
565.5, 545.0, B
-705 4960, 333.0 0.6973 | 1.2594 1 0.0232 | 35.32 | -16.06| 78.08 | 13.65 | 0.98

1:R-1
21 R-2
3 R-3

1 2 3 1 2 3
Native CBB-220

Fig. 19 Electrophoresis and color pattern of R group

1:2R1
21 2R2

3 : OR

1 2 3 1 2 3
Native CBB-220

Fig. 20 Electrophoresis and color pattern of 2R group



— e gEpas a0 AC

2 MT

1 2 3 1 2 3
Native CBB-220

Fig. 21 Electrophoresis and color pattern of Organic solvent group

1 2 1 2
Native CBB-220

Fig. 22 Electrophoresis and color pattern of SD group

250kDa—

120kDa— -
— - e 20pg/1040

M :

84kDa— Protein size marker
C 1 control
1:B-1
2:B-2
3:B-3

55kDa— 4: B4
5:B-5

39%kDa—

MC 1 2 3 4 5 MC 1 2 3 4 5
Native CBB-220

Fig. 23 Electrophoresis pattern of B group



.- EC 5018/1010

1:B-2
2:B-3

1 2 1 2
Native CBB-220

Fig. 24 Electrophoresis pattern of B-2, B-3

: B-1
: B-2 (purified phycoerythrin)

: B-3 (purified phycoerythrin)
B4
: B-5

Ul W NN

1 2 3 4 5
Fig. 25 Color pattern of B group

m—
- - 50ug/104
1: -70P
21 -70S
1 2 1 2
Native CBB-220

Fig. 26 Electrophoresis and color pattern of -70 group



at 565nm
Fig. 27 HPLC pattern of B-2

at 565nm
Fig. 28 HPLC pattern of B-3

at 565nm
Fig. 29 HPLC pattern of -70S

at 280nm

at 280nm

at 280nm



9. Microencapsulation
M 2R-13 2R-25 WAbA o] #3s HPMCP-55% coatingd A4+ Fig. 30

o o} o] R MAntt METE AstE ATt o] coating Al AFE-gF
Ax717v 2Axge] Zol7t Rol mLoz A AHE HAAA do w5
ol ME7t Aste Zoz dAdHE olF A HaAe BFAxRH"e 4o

7b AolA ALolA AxTE o]Fold & de Au7l dasit st o= A
2] 34 o A Ethanol? Acetones Ab&atEE A oAk olstAl et b
o2 shgstelet ddEn | g2 EAdoRE dAZA dEd oae
coating | X}iﬂﬂ 5 o3k EAl ol o vu FA - o5t
7Aoo bgAel EAITE A7IHl 2de AA

- sz
olth. BAY FF FHAo] $5F AL coating A7 A - AAETEY Fol
s 483 4 AL Aol

: none microencapsulated phycoerythrin 2R-1
: microencapsulated phycoerythrin 2R-1

: none microencapsulated phycoerythrin 2R-2

=W NN =

: microencapsulated phycoerythrin 2R-2

Fig. 30 Color pattern of none microencapsulated and microencapsulated
phycoerythrin
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U2 g §718uE Abgstel AaE A w7kl §7] w7t o

% hasol ZAdel ma & gomz §ule] A 9iste] A x4
=
(e}

sdle]l FEHo] Hasit) olE 934 &= membrane °©]-8H(UF), AZH(EF,
F4), A= So]l Hasit AT HERWY JAFEHEFE oy A H] g

ox o

S22 7] wjEe] Hollow fiber type 59 membraned ©]&3t= A4 0]
. 23} membrane ©]&%¥-2 A€ F membrane T+ fiberol ¥

o
o] FgAo] ARE A& EH7|E P E Vibration systeme F2
al

oh gulxe F A7)0 f71gule] AFEAHe] Basit wrkel 718
= 37] A AAAL Edo] 2 wak ohet #40.9% welHojok 3] wolt,

= Wt
33 microencapsulation & A-$ol% F7]E0E ALEEH AZRATIER o]

of B dasttt stk 2y #F71E e Bk Az Al rEel 9F §)

Ao} Zure] QFAE 37} FHojof Frmg WEA| o] zr3:o] Aok AL}

e

e waring blender whal Al 717k theF Ffwlo] kel WEt Selwa
WA B g wde] Hem Argudel WA AN WA ALol
ARe whAZIh Baske @714 A7 el g st fAHY n

o
o
e Fe3 ke FARE AU 5+ A

ol arbolm g &7 (filter press, decantor 5)¢] Algo] Z Qs AT
m AL 9 HT 190,000M/T(EAA Ag)oz Ik AR =25 GRS

Abg ol A whef gk o Ako] A2 (‘99 758M/T, 131.691 <), (‘00 800M/T, 131.4
o4l), (01 810M/T, 132.499)= L lo] ol& alidlof & FaAo] A7|=
Qorg o5 &gste] U FAstttd AAES SRSt duEoh



@ () 2R E FZ3F Phycoerythrin®] AHislel] w2 7147448 9 Brpix)s=
Ut 2ok (1], AN 9 37 A9])

2133 7F=3 Phycoerythrin®] A4t# = 6.8gr/= % 1kg

o Al kg Phycoerythrin®] A4+& = 95mg/E 7 1kg

AEH7MEF 2 AleFE Phycoerythrin®] A4k8] F4] = 110,0009/E % 1kg

o AR Al k(A A) Phycoerythrine] 4] = US$ 1/mg. (1,120Y/mg)
o Phycoerythrin(A] 2F)2 & ] US$ 100/mg(SIGMA Co.)9] aL7}=2 v

@ ojZo] gtdd AV |EE FEsh AT 25| phycoerythrin A4kl
]

AA = A go] 7t Aol
® Ethanol A2 & 9& Acetone IAS FAehd A Aol LAY

@ FE A TgRE FEHAUY dUF FE 4
Bzt 9718 Au g Ao g P5A olE A £ AT



E. coliol X 9] AZF phycoerythrin AAH(A & &)

1 A A7 2 v

1. Natural Phorphyra phycoerythrin & %xe] Ea 2 A7|qg XA

7}. Isolation of genomic DNA from Rodophyta

+Hl ¥ rodphyta samples H&Ws3stel High-speed tubedl 2 x CTAB
buffer 156ml¢} PVPP ¢F 15g5 “¥ojA 60C water bathol 1lhr%<t incubation
3} th. Chloroform/isoamylalcohold 15ml A 7F3F & 12.000g 20% <t 94
glsle] AEFNS isopropyl alcoholS 2/3 volumesS #7F8F ¥ precipitated
DNAZ hooking outdte] 5000g 204 &<t centrifugationdte] TE bufferS @ oA
dissolveAlZl ¥ RNase AE 3uE #H7ietslen 3¥<] phenol?}t chloroforms *|
gH}4e E3o] thA] Ivolumed alcohold} 1/10volume®] NaOAcE precipitated
DNAE €& F U3t

L}, Isolation of total RNA from Rodophyta

4721 9] species?] rodophyta®s T4 W&3 & FA Zol v Mg o] H
=2 3kgth o379 2mle) extratction buffer(S8M LiCl, 2% B-mercaptoethanol)
A 7Vsle] voltexinge 9] overnignt incubatione 3% 13,000g 20% =<f
ARGt SPNTE B g]al pelletS solubilization buffer (0.5% SDS,
100mM NaCl, 25mM EDTA, 10mM Tris-HCl, pH 7.6, 2% B-mercaptoethanol)
o dissolve A7l & 29 volumeE phenols #H7}3% voltexings 3}
13,000g 20 &<k YA st FSAE 4 F 3M sodium acetate<t
1.5volum®] ethanold #7}8le] cyanobacteriaZH-E| total RNAZ 2315t}
t}. Phycoerythrin gene amplification by PCR and RT-PCR % 7]A4 & &4

Primers @A ®i1E o] rodophytaol Al AA G771 de] dar AS
A& 3o phycoerythrin gene?] dH¥-E ¥ FuH FJ| FEZHEES
detection & + J=F Azt

RT-PCRS Z}Z}o] total RNA, primer, reverse transcriptase buffer, dNTP,

il

e

rH

+ed

of

Moloney Murine Leukemia Virus Reverse TranscriptaseE 3 7}slo] 37Tl A



—_

AlZF &< reverse transcriptation & sttt A E first strand cDNAE
g o =2 primer, Taq buffer, dNTP, 28] Taq polymerasefmf % 7}3}%it}.
9T 1, 58T 1+ 30%, 72T 1% 7o =2 303 W&t DNAE S35
t}. o]# A E& 3 PCR products promega®] pGEM T easy vector system<
AFE3ke] cloning3l 3l perkin elmer?] AHsA7IME BEAGAE ALESEte] 1 A

AAGES BB,

N

2. Natural Phorphyra®] 7| %3 phycoerythrin® 2@
7}. Plasmid DNA®] 2]
Plasmid DNA®] #8 & alkaline lysis g W] 438 tH(Sambrook et
, 1989). Plasmid DNAE 7FA| 1 9l w5 ampicillin®] 2% LB #H] Xl
HAEste] & WYAIZl & FAE 353 o3, lysis buffer 100 0 o #E
sto] Ao 53 WAEATE o719 02 N NaOH/1% SDS €9 200 W&
A7Fsle] dgo 587F WX 3 & 3 M potassium acetate £ 150 @S #H7}
dte] dgol 5&7F A thg 12,000 rpmoE 10%7F WAl Eeste]
Ro} S TE %3} phenol¥} chlorofonn/lsoamylalcohol 2412 F=38FA
t}. o] & 2Wl9] ethanols #7Fsle] Ao 5&zF WA & 12,000 rpm .= 10

27 Q4R S 0g AWES 0% ethanolz AHe AF AZAZ F

ol

o

A

DNase free RNaseE 3233t TE buffero] o 37TCToA 30%7F wk-& A o
ol 719 3/5M¢] 20% PEG 6000/2.5 M NaCl &4 #H7}slo] # #ojx & o
o] 1A1ZF o)A WX S 12,000 rpm o= 1087 488 s oL A HA

£S5 70% ethanol®= A Hsto] X3 71xA171 & TE bufferol] ¢ /‘]'%3}»\‘:]'.
Y. Phycoerythrin A%} &=

12 Wxe] &Z%F(Rodophyta)?l F(porphyra) &.245E 2x3le] pGEMT-easy
vectordl cloning ¥ 1.1kb size® phycoerythrin® FH o2 sjA o] FHAte
27] AES vt o2 AZE primergS ©]83tel PCRS 4339 th. Primer
£ 7} subunit A2 coding Y ¥ZE Fol annealingdls], PCR 4tE o]
coding 94 ol EA3A &= ATdEA A FE FF Lo 2 ==
A A=At PCRE 94Co| A9 denaturation 1%, 58ColA ¢ annealing 50%,
a2]al 72T A9 polymerization 182 3¥HA] HA S 303 wHE-sto] =335kt

0:17

—



o} 24 vector? construction ¥ A 7%

9 e} Zo] FZy PCR AHES AH3 AFar22 A & A§% agarose
gelol A7) @3t GRS st 01‘2374] wEeh dES Tde dd gl
B 1HES 33 T7 promoterE 7}A vector pET22b, pET28b%} T4
DNA ligaseE ©]&3}o] ligationAlZl %, ligates ©o]&3te] E.  colidf
Electroporation o2 2 HASA AT o2 A A A colonyE=S THA
v F3le] plasmid DNAES 83k 2, A 84 duS 3] A= plasmid
S 7HA 2 e 3 HEAAE AES A
2}. A1 %% Phycoerythrin®] 23

ol A =3 plasmide 7HA3L 9= E. coli BL2IDE3E A 4d3g AA 7}
A7k LB wiAl el 1% FF3ke] 37CollA 600 nmell A F3%=7F 0.6 H&=7}
Hols wW7bA 71 F, IPTGE HF s%7F 05 mMeo| =5 H7kg 3 A
23 @A o] inclusion body A4S AlIStES 30TColA 4213 &<t #jgsh
At} 5000 rpmeZ 5% AR TAE 43 oS 1 mM PMSF<}
1 mM DTT7} %35 protein extraction buffer (10 mM Tris-HCl (pH 8.0), 1
mM MgCl)ell @&ste %53 stag & 20,000 rpm & 15%3F A4]& 83}
o E. coli cell debrisE A # 38}t
ul. SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)

Transformation A7l E. coliol A total proteing 2137 Y&te] 10%
polyacrylamide geldl #7195 AASAT E  coli®l AA EHAS
Laemmli <& 7|22 3 SDS-PAGEE o|&3le] #xpafe] whet #2]skd
(Laemmli,1970). W14 w88 E coli® A @& 254 sample buffer
(0.125 M Tris-HCl pH 6.8, 4% SDS, 20% glycerol, 0.2 M DTT, 0.02%
bromophenol blue) 5ulE F7Fet thg 100ColA 583 BT @ F
agregations %7] Y8 9,000 rpmel A 5&7F A4Ee] stk 6% Polyacrylamide
gel ¢ well T 25408 A5 Aokt v, 30 mA] ALS &wdte] skl

Coomassie blue GMHow JME o] wa kS st

rlr
e d
o



3. Natural Phorphyra phycoerythrin ¥ Recombinant phycoerythrin subunit®]
A A
7k @3 F
Zkzke] o] gk W FHAHFS A7 918k, 15% SDS-PAGEE
Abg3te] & &3 purified Natural phycoerythrin 2 putative linker protein@}
recombinant phycoerythrin subunit a,f ¥ &S gelz 58 ZEhdo] 1X PBS
2 5% washingd & & shajstla, oAl 229 EAUHES T3 otz Helnt
ojlE ARFYH FESIUTH olFHA e +HjE 44 ddS Fdho R sho
AEE=( F  balb/c) WS 4z 2A 109 d 2 HAA AT e A
ok WMo A dA(pre-immune serum)S FH3F7] Qo] HAIPEEC
oA 100 uls APkt 1xk, 22k 33 WA A= F g A extractit
APFE HRo By FAetgon], 43 AdoAE 1 X 10° o GAES

1 -
sarcoma cell ¥ 374 A extractE: #F T3 F B FAEAG. 43 WY

e
)
—
3
3
jam
E.
N
o
=
o
=]

>
2

o
u

FAbF 1020 Ay Fol FEAL P sl 5 mle) B4 FE@
m CRE

5 1 mle] g AAste] 4CeAA 87 B

21(1,000xg, A<, 10%)3te] A5 A<l &3 A (antiserum)S 2] 3} AT
=7 (Western blot analysis)

Zk7kol gl wulde] gk tEFE Ao BoldS A $3Hd

SDS-PAGEZ A&3te] 383 % semidry electroblotting W¥ S AM-&3}o]
UEZ AEZZ membraned| transferdt$ith. 2204 0.05% Tween 20, 5%
BSA7} £991% PBS buffer® overnight blockings A8kl om, 7 g9 &
B ik =2 FAE 11 2500 wi&2 Hrbste] A2olA 2412 wjgEt
5 PBSE 4H A 3s9dvt. thA] Alkaline phosphatese 7} conjugate® 2%} 3
AE 102000 vi&= H7pste] A2olM 1A wistith. PBSE 48 A=
Al# s & NBT/BCIP substrates Ab-&3he] 4 db3-S #zat9]

4. iU L9229 TdE s ¢
7F. Plasmid DNA2] 2]
Plasmid DNA®] 2]+ alkaline lysis WS W83slo] =33} tHSambrook et

=)

] Z

i)
®
o

Phycoerythrin®] cloning



= T = ampicilline] X3E LB vl A <

HEs s EW WAzl & FAE g5 S, lysis buffer 100 pl o dg
sto] Ao 57F WA AT of7]e] 02 N NaOH/1% SDS &< 200 wE
A7 ete] deo 587 W3 & 3 M potassium acetate £ 150 wE A7}
sto] o 5E7F xS g 12000 rpmo 2 1083 94 EEste] A9
X3} phenol¥} chloroform/lSoamylalcohol 24:1)2 F=3F
t}. o] & 2w 9] ethanols #7}3le] Ao 5E7F WA3 & 12,000 rpme 2 10
7 AR e g, AAES 70% ethanolZ Al st HF AxA F
DNase free RNaseZ 383t TE bufferol] o] 37ColA 30&7F vE-8-A| 7o)
ol 7]e 3/581¢] 20% PEG 6000/25 M NaCl €< #7lste] 2 4o+ A
&ol 1A17F o] WAskal 12,000 rpm o2 10%7F Y423 o5, DNA A
58 70% ethanolZ A2 3ste] ¥ AZxAIZl & TE bufferd] o] AF-&-3} T
. o] Phycoerythrin A%} S

12 Y=o &Z%F(Rodophyta)?l #(porphyra) &-24-E #H3lo] pGEMT-easy
vector®ll cloning ¥ 1.1kb size®] phycoerythrins —Zr“‘fé ste] PCRS 43
Ak HeoezHE E8 3 Phycoerythrin operone XA E 2] translation A
AZ 7R 97] wjFo] thgol A Phycoerythrin operons W& A|7]7] 98|
A9 translation AAIS 7FE = A%EZ ribosomal binding siteZ ¢I9IF oz AF+
3t linkers ©]&3te] X|8sl9It). PrimersS 7} subunit F34+9] coding 4 4% &
I cl9)H oz A28k linker F-9oll annealingdte], PCR AF=-0] ®o] phycoerythrin
FA2 G el EAEA e ATdFEA A RAE FFH ol 2 J=s
A 2= Aok PCRS FHAZ AAstdlor 3 WAl @A A& linkers 23
7z} subunitS FE3F7] el 94Tl A9 denaturation 1%, 58TolA e
annealing 50%, 18] 72Col A ¢ polymerization 1¥¢] 394 AL 303
EHstol Faatgi. 7 WA dAdAE TS SEFE WOl subunits FHL
2 100TCA 103+ 93] denatruration A7l o] 4TolA 5&3F ¥ s}
t}Al 37Col A annealing® =2 3 3 45CoA Tag polymeraseE #7181
extension® £ 2 & om 94Co A9 denaturation 1%, 58Cel A 2] annealing

0%, 282 72T A9 polymerization 132 3¢A AL 303 wHE3le] <=
&5} k.
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o} 24 vector? construction ¥ A 7%

9 e} Zo] FZy PCR AHES AH3 AFar22 A & A§% agarose
gelol A7) @3t GRS st 01‘3’374] wEeh dES Tde dd gl
B 1HES 33 T7 promoterE 7}A vector pET22b, pET32b%} T4
DNA ligaseE ©]&3}o] ligationAlZl %, ligates ©o]&3te] E.  colidf
Electroporation o2 2 HASA AT o2 A A A colonyE=S THA
v F3le] plasmid DNAES 83k 2, A 84 duS 3] A= plasmid
S 7HA 3 e 4 A#AE Adsh
5. ¥o] A 23 Phycoerythrin® o7&+
7} W] A %3 Phycoerythrin® 2@

ol A =3 plasmide 7HA3L 9= E. coli BL2IDE3E A 4d3g A7}
A7k LB wiAl el 1% FF3ke] 37CollA 600 nmell A F3%=7F 0.6 H&=7}
A w7bA] oF 3N Am 71 F IPTGE HF F%7F 05 mMo] H=F
A e & Axg @A inclusion body BAS A5t E 283CA 647F
ek widatdth 5000 rpmo® 5&3F AAEHE] dAE ¢ oh
mM PMSF¢} 1 mM DTT”F ¥3%% protein extraction buffer (10 mM
Tris-HCI (pH 8.0), 1 mM MgCly)oll @&ste] 253k kg +, 20,000 rpmo
2 1513 9Aalweste] E coli cell debrisE Al 73} th.

1}, SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)

Transformation A7l E. coli9l A total proteing 2137 Yste] 15%
polyacrylamide geldl #7195 AHASAT E  coli®l AA EHAS
Laemmli <& 7|22 3 SDS-PAGEE o|&3le] #xpafe] whet #2]skd
(Laemmli,1970). W14 w88 E coli® ZAA @& 254 sample buffer
(0.125 M Tris-HCl pH 6.8, 4% SDS, 20% glycerol, 0.2 M DTT, 0.02%
bromophenol blue) 5ulE F7Fet thg 100ColA 5&83F #AF @ F
agregationS %7] Y& 9,000 rpmel A 5&7F AAEe] stk 6% Polyacrylamide
gel o] well T 25u0°] ARE #eHe th, 30 mAS] HAS &Hste] E2lskl

Coomassie blue MW o7 AMsto] We okAH-S 3Helstodtt
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6. % @Al chromophore synthase -FAAFe] g+ W 3

7}. Plasmid DNA®] 2]

Plasmid DNA2] &g]+= alkaline lysis W< Wasle] a3k tHSambrook et

, 1989). Plasmid DNAE 7}A 31 & #FE ampicilline] %38 LB =

HEobe] s A7l & FAE 33 tf, lysis buffer 100 w0 o &E
sto] Ao 53 WAEATE o719 02 N NaOH/1% SDS €9 200 W&
A7Fsle] dgo 587F WX 3 & 3 M potassium acetate £ 150 @S #H7}
ste dgol 5&7F A thg 12,000 rpm o 10%7F WAl EEjste]
Ro} E%o] TE %3} phenol¥ chlorofonn/lsoamylalcohol 2412 F=38FA
t}. o] & 2Wl9] ethanols #7Fsle] Ao 5&zF WA & 12,000 rpme-= 10
B AR g8, HAES 70% ethanolZ AlH ] HF AxAZ

5

T

DNase free RNaseE 3Z 33t TE buffero] 3o 37TCToA 30%7F vk A o
o

4

[¢]

o

o} 7]l 3/581 9] 20% PEG 6000/2.5 M NaCl 495 H7tste] & 4ol &
&oll 1AZF o1 WA ska 12,000 rpm e & 10%3F AR e o, DNA A
S 70% ethanol® Al Zsle] WF 7ZAIZ & TE bufferol] o] AF8-3}9 ).

L}, ArabidopsisZF¥ Total RNAS] &

Arabidopsis ecotype?l Col-O¢} Sei-O& A A LS Al&sle] F5 WEd
T wA Aot mAE o] HEE stlth o 7]el 1mle extratction buffer
(8M LiCl, 2% B-mercaptoethanol)= #7}3le] vortexingS 3} overnignt
incubationg 3 % 13000g 20% <ot HAEZEAC. pelletS FHH
solubilization buffer(0.5% SDS, 100mM NaCl, 2omM EDTA, 10mM Tris-HCI,
pH 7.6, 2% B-mercaptoethanol)oll dissolve A7l & % #2] phenolS F7}shaL
vortexingd}e] 13,000g 20% &<t AR sl A5 AqS A& F 3M sodium
acetate®} 1.5volumed] ethanols #H7lstg i QA EFs AL pelletS 70%
ethanol® washing, 0.1%¢] DEPCZ Az ¥ Zo] €3A7# RNAS 2391,
s 2 s AU
t}. RT-PCR % subcloning

RT-PCR& total RNA 5 ug, backward primer 30pmol, 5X reverse
transcriptase buffer, 10mM dNTP, Moloney Murine Leukemia Virus(MMLYV)
Reverse Transcriptase 100 UnitE 78l 37ColA 1A 59 reverse



transcriptation = 33tk &9 first strand cDNAE 3 22 forward,
backward primer, 10X reaction buffer, 25 mM dNTP, 18] 3 Tag polymerase
E H7MeAd 94T 18, 56T 1+ 30%, 72C 18 2oz 303 wHE3)o
HY2 FAAE ZZ3 oM, 1% agarose geldlA] HA7|FEsle] gelzl &
pGEM T-easy WMEo| MEIRste] I A7 ES 2453

2}. Phycoerythrobilin synthase (PEB AB) f#d#}e] &%

Phycoerythrobilin synthase (PEB AB) #3dxte] £Z& uls ATCCEZYH-H
Nostoc spp.9] genomic DNA (29133D)Z +43Fe] AAEAT. WA 300 ng
9] genomic DNAZ F38o® 94To|A¢ denaturation 1%, 45TolA <]
annealing 2%, 183 72Tl A9 polymerization 1%¢] 394 #}4S 303 uk
Hsto] st
vl 24 vector?] construction ¥ ¥ 2

Aok 2ol TFH PCR AES A4d AFair=z %

sote] dHS EEasith ol #HA &
g IHS Y3 T7 promoterE M4 = &&d vector pET22b, pET28bel
PEBE pET28a, pET29a°] HY2E T4 DNA ligaseE ©]£3}9 ligationr| 7l &,
ligateZ ©|&3le] E coli9] Electroporation WH o2 &2 HIAZt}h o= A
A AL colonyES Al #l%¥sle] plasmid DNAE 283 o8 A &4
St

2 2
oft o
)

¢

@k & A g agarose

b aAe F9% A o

1l

i

o
ML
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o
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ol

Aes 3 A plasmidE 7HA 3L = 4 A8AE A4
v}, Chromophore synthase A=} &+ o] &4

ol A =3 plasmide 7HA3L Sl E. coli BL2IDE3E A3 A7}
A7k LB wiAl el 1% FF3ke] 37CelA 600 nmell A F3%=7F 0.6 =7}
HAS w7k oF At AE 71 §F IPTGE HF %71 05 mMo|] HES
A e & Axg @A inclusion body BAS A2 28T 647F
o wigFskdth 5000 rpmo® 5&3F AAEEste] HAE IFFd vhF 1
mM PMSF¢} 1 mM DTT”F ¥3%% protein extraction buffer (10 mM
Tris-HCl (pH 8.0), 1 mM MgCly)oll @&3ate] Z&3k 23k 5, 20,000 rpmo
2 1583 94l els E coli cell debrisE A 7385t

i



A}, SDS-PAGE (Sodium Dodecyl Sulfate Polyacrlyamide Gel Electrophoresis)

Transformation A1Zl E. coli°l A total proteing 221357 3] 15%
polyacrylamide geldl #7195 AHASAT E  coli®l AA E9AS
Laemmli WHS& 7|22 3 SDS-PAGEE o]&3ste] Ext=Fdl wiet st
(Laemmli,1970). A &€ E coli®]l A @ 25409 sample buffer (0.125
M Tris—HCI pH 6.8, 4% SDS, 20% glycerol, 0.2 M DTT, 0.0226 bromophenol
blue) 5ulE H7Fe thg 100TColA 583 #EoF1 W+ & agregations 97| 9
3 9,000 rpmolA 583 YAEE sIATE 6% Polyacrylamide gel 9 well & 2540
o] AEE Astgt ths, 30 mAS AYES Taste] sttt Coomassie blue 9
Ao dalste] Wbyl S Flskinh

24 A4y Ay

1. Natural Phorphyra phycoerythrin A xl2] £z 2 A7jqdg EA
7} Isolation of genomic DNA from Rodophyta
Phycoerythring 7F3 %ol 7Fxx dtbar &4# % Rodophytaol A A A2 gened

ZHA L E=AE L7 93}e] genomic DNAZS #&]35Fth.(Figure 1. #%)

Lane 1 : Porphyra sp.
Lane 2 : Marker
Fig. 1 Genomic DNA of phorphyra



L}. Rodophyta®] total RNA ]
Rodophyta®] total RNAE ##3t4 1% formaldehyde gel o] A7]|495 3+
A3t 5719 RNA bandE <1853 th.(Figure 2. &%)

Fig. 2 Total RNA from Rhodophyta

t}. Phycoerythrin gene amplification by PCR and RT-PCR
Primere @4 ®HiEo] ¢+ rodophytadl Al HA dA7]xdo] Had AL

AR dte] A ZFe FFEF o primer set2 4P L o= tS3 )

PE-Forward : 5'-ATGCTTGATGCATTTTCTAGAGT-3’
PE-Reverse : 5'-TTAGCTTAAAGCGTTGATAAGGT-3’

Rodophyta®] ZZ A3 1.1kb¢phycoerythrin® full geneg dection® 4 UA
t}. RT-PCR2 Z+7}9] total RNA, primer, reverse transcriptase buffer, dNTP,
Moloney Murine Leukemia Virus Reverse Transcriptase® A 7}slo] 37T oA
1 A7+ 59t reverse transcriptation & 3ttt A ® first strand cDNA
£ FY o2 primer, Taq buffer, dANTP, 18] Taq polymerases 7 7}t t}.
AT 13, 62T 1 i 30%, 72T 1 o= 303 wHESte] DNAE S3%3tSth



Figure 3. PCR amplification of phycoerythrin

RT-PCRE 433t A3 1.1 kb9 target bandE &l 4 U Th

~1kb

~500b

Fig. 4 RT-PCR amplification of phycoerythrin

2t A7IAEEA
Rodophyta?l 47} 2] speciesll A &2 ¥ total RNAZHE cDNAE T3
& T-vectordl cloningdlt®] sequencingsS 38ttt dojd AV ES

GenBank™¢2] ©] o] #| o] 2o Al homology S ZAFe A= ofa 9} 2},

Porphyra tenera

ATGCTTGATGCATTTTCTAGAGTTGTAGTAAATTCCGACGCTAAAGCTGCTTATGTAGGCGGTAGCGATCTAC
AAGCTCTAAAAAAATTCATCGCAGATGGTAACAAACGTTTAGATTCTGTTAACGCAATTGTTTCTAACGCTAG
TTGTATCGTTTCTGATGCTGTTTCTGGTATGATCTGTGAAAATCCTGGTCTAATTGCACCTGGTGGAAATTGT
TACACTAATCGTCGTATGGCTGCTTGTCTACGTGACGGTGAAATTATTTTACGTTAAGTTTCCTACGCTCTTC
TTGCTGGAGATCCTTCTGTTCTTGAAGATCGTTGTCTTAACGGTCTTAAAGAAACTTACATCGCTTTAGGTGT



ACCTACTAACTCTTCTGTAAGAGCTGTAAGCATCATGAAGGCAGCAGCAGTTGCATTCATTACTAATACTGCT
TCCCAACGTAAGATGGCAACAGCAGACGGTGATTGTTCTGCTTTAGCTTCTGAAGTAGCTAGCTATTGCGACA
GAGTAGCTGCAGCTATTAGCTAAAAGTTTGAAATAACTCCAAGCCGTAAGTTTGAAAAGTATTTAAAATAAGT
ACTTAATCCATTTAGGAGAAAAACATGAAATCAGTTATTACTACTACGATCAGTGCAGCAGATGCTGCTGGTC
GTTTCCCGTCCAGTTCCGATCTTGAATCCGTTCAAGGTAATATCCAACGTGCAGCAGCTCGACTAGAAGCAGC
TGAAAAACTAGCTGGCAACCGTGAAGCAGTTGTTAAAGAAGCTGGCGATGCTTGTTTTGCTAAATACTCTTAC
TTGAAAAATCCAGGTGAAGCTGGTGACAGTCAAGAAAAAGTAAACAAATGCTACAGAGATGTAGATCATTATA
TGCGTCTAGTTAACTACTGCTTAGTTGTTGGTGGTACTGGTCCAGTAGAGAGTGGGGCATTGCTGG
TGCTCGTGAAGTTTACCGTACTTTAAATTTACCAACTTCTGCTTACGTAGCATCCTTTGCGTTTGCTCGTGAC
AGATTATGTGTTCCACGTGACATGTCTGCTCAAGCAGGTGTTGAATATGCTGGTAATTTAGGCTACCTTATCA
ACGCTTTAAGCTAA

Gelidium amamsii
ATGCTTGATGCATTTTCTAGAGTCGTAGTAAATTCCGACGCTAAAGCTGCTTATGTAGGCGGTAGCGATCTAC
AAGCTCTAAAAAAATTCATCGCAGACGGTAACGAACGTTTAGATTCTGTTAACGCAATCGTTTCTAACGCTAG
TTGTATCGTTTCTGATGCTGTTTCTGGTATGATCTGTGAAAATCCTGGTCTAGTTGCACCTGGTGGAAATTGT
TACACTAATCGTCGTATGGCTGCTTGTCTACGTGACGGTGAAATTATTTTACGTTATGTTTCCTACGCTCTTC
TTGCTGGAGATCCTTCTGTTCTTGAAGATCGTTGTCTTAACGGTCTTAAAGAAACTTACATCGCTTTAGGTGT
ACCTACTAACTCTTCTGTAAGAGCTGTAAGCATCATGAAGGCAGCAGCAGTTGCATTCATTACTAATACTGCT
TCCCAACGTAAGATGGCAACAGCAGACGGTGATTGTTCTGCTTTAGCTTCTGAAGTAGCTAGCTATTGCGACA
GAGTAGCTGCAGCTATTAGCTAAAAGTTTGAAATAACTCCAAGCCGTAAGTTTGAAAAGTATTTAAAATAAGT
ACTTAATCCATTTAGGAGAAAAACATGAAATCAGTTATTACTTACTACGATCAGTGCAGCAGATGCTGCTGGT
CGTTTCCCGTCCAGTTCCGATCTTGAATCCGTTCAGGGTAATATCCAACGTGCAGCAGCTCGACTAGAAGCAG
CTGAAAAACTAGCTGGCAACCATGAAGCAGTTGTTAAAGAAGCTGGCGATGCTTGTTTTGCTAAATACTCTTA
CTTGAAAAATCCAGGTGAAGCTGGTGACAGTCAAGAAAAAGTAAACAAATGCTACAGAGATGTAGATCATTAT
ATGCGTCTAGTTAACTACTGCTTAGTTGTTGGTGGTACTGGTCCAGTAGACGAGTGGGGCATTGCTGGTGCTC
GTGAAGTTTACCGTACTTTAAATTTACCAACTTCTGCTTACGTAGCATCCTTTGCGTTTGCTCGTGACAGATT
ATGCGTTCCGCGTGACATGTCTGCTCAAGCAGGTGTTGAATATGCTGGTAATTTAGACTACCTTATCAACGCT
TTAAGCTAA



Pachymeniopsis elliptica
ATGCTTGATGCATTTTCTAGAGTCGTAGTAAATTCCGACGCTAAAGCTGCTTATGTAGGCGGTAGCGATCTAC
AAGCTCTAAAAAAATTCATCGCAGATGGTAACGAACGTTTAGATTCTGTTAACGCAATCGTTTCTAACGCTAG
TTGTATCGTTTCTGATGCTGTTTCTGGTATGATCTGTGAAAATCCTGGTCTAGTTGCACCTGGTGGAAATTGT
TACACTAATCGTCGTATGGCTGCTTGTCTACGTGACGGTGAAATTATTTTACGTTATGTTTCCTACGCTCTTC
TTGCTGGAGATCCTTCTGTTCTTGAAGATCGTTGTCTTAACGGTCTTAAAGAAACTTACATCGCTTTAGGTGT
ACCTACTAACTCTTCTGTAAGAGCTGTAAGCATCATGAAGGCAGCAGCAGTTGCATTCATTACTAATACTGCT
TCCCAACGTAAGATGGCAACAGCAGACGGTGATTGTTCTGCTTTAGCTTCTGAAGTAGCTAGCTATTGCGACA
GAGTAGCTGCAGCTATTAGCTAAAAGTTTGAAATAACTCCAAGCCGTAAGTTTGAAAAGTATTTAAAATAAGT
ACTTAATCCATTTAGGAGAAAAACATGAAATCAGTTATTACTACTACGATCAGTGCAGCAGATGCTGCTGGTC
GTTTCCCGTCCAGTTCCGATCTTGAATCCGTTCAGGGTAATATCCAACGTGCAGCAGCTCGACTAGAAGCAGC
TGAAAAACTAGCTGGCAACCATGAAGCAGTTGTTAAAGAAGCTGGCGATGCTTGTTTTGCTAAATACTCTTAC
TTGAAAAATCCAGGTGAAGCTGGTGACAGTCAAGAAAAAGTAAACAAATGCTACAGAGATGTAGATCATTATA
TGCGTCTAGTTAACTACTGCTTAGTTGTTGGTGGTACTGGTCCAGTAGACGAGTGGGGCATTGCTGGTGCTCG
TGAAGTTTACCGTACTTTAAATTTACCAACTTCTGCTTACGTAGCATCCTTTGCGTTTGCTCGTGACAGATTA
TGCGTTCCGCGTGACATGTCTGCTCAAGCAGGTGTTGAATATGCTGGTAATTTAGACTACCTTATCAACGCTT
TAAGCTAA

Lomentaria catenata

ATGCTTGATGCATTTTCTAGAGTCGTAGTAAATTCCGACGCTAAAGCTGCTTATGTAGGCGGTAGCGATCTAC
AAGCTCTAAAAAAATTCATCGCAGATGGTAACGAACGTTTAGATTCTGTTAACGCAATCGTTTCTAACGCTAG
TTGTATCGTTTTTGATGCTGTTTCTGGTATGATCTGTGAAAATCCTGGTCTAGTTGCACCTGGTGGAAATTGT
TACACTAATCGTCGTATGGCTGCTTGTCTACGTGACGGTGAAATTATTTTACGTTATGTTTCCTACGCTCTTC
TTGCTGGAGATCCTTCTGTTCTTGAAGATCGTTGTCTTAACGGTCTTAAAGAAACTTACATCGCTTTAGGTGT
ACCTACTAACTCTTCTGTAAGAGCTGTAAGCATCATGAAGGCAGCAGCAGTTGCATTCATTACTAATACTGCT
TCCCAACGTAAGATGGCAATAGCAGACGGTGATTGTTCTGCTTTAGCTTCTGAAGTAGCTAGCTATTGCGACA
GAGTAGCTGCAGCTATTAGCTAAAAGTTTGAAATAACTCCAAGCCGTAAGTTTGAAAAGTATTTAAAATAAGT
ACTTAATCCATTTATGAGAAAAACATGAAATCAGTTATTACTACTACGATCAGTGCAGCAGATGCTGCTGGTC
GTTTCCCGTCCAGTTCCGATCTTGAATCCGTTCAGGGTAATATCCAACGTGCAGCAGCTCGACTAGAAGCAGC
TGGAAAACTAGCTGGCAACCATGAAGCAGTTGTTAAAGAAGCTGGCGATGCTTGTTTTGCTAAATACTCTTAC



TTGAAAAATCCATGTGAAGCTGGTGACAGTCAAGAAAAAGTAAACAAATGCTACAGAGATGTAGATCATTATA
TGCGTCTAGTTAACTACTGCTTAGTTGTTGGTGGTACTGGTCCAGTAGACGAGTGGGGCATTGCTGGTGCTCG
TGAAGTTTACCGTACTTTAAATTTACCAACTTCTGCTTACGTAGCATCCTTTGCGTTTGCTCGTGACAGATTA
TGCGTTCCGCGTGACATGTCTGCTCAAGCAGGTGTTGAATATGCTGGTAATTTAGACTACCTTATCAACGCTT
TAAG
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Fig. 5 Alignment of Rhodophyta phycoerythrins (NCBI blast search program AF-&)
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2. Natural Phorphyra phycoerythrin 2 #}2] @& 2 e =7
7}, A 4Ede 93 Porphyra Phycoerythrin® cloning

2 % (Rodophyta)$l # (phorphyra) & 258 &% phycoerythrin® ¢ 1.1
kb9 sizeZA af F 719 subunite @ TAE operon® TEE ZFA I

el B Ao E 479 subunite wWE A WE ] cloningdts WHH I}
st WMo A FAlCl F N subunits WAAA HiLA ekt

1) Phycoerythrin a subunit® subcloning

pGEMT-easy vectore]| cloning ¥ 1.1kb size®] phycoerythring 3O =
PCR& F33t7] 913 53 2 primers Al 4HaF3ith

RPE a-forward : 5-NNNNCCATGGAATCAGTTATTACTACT-3' ( Neol)
RPE a-backward : 5'-NNNNCTCGAGGCTTAAAGCGTTGATAAGGTA-3' ( Xho1)

F719] primerg ARE3dle] 94T 1%, 58C 50%, 72T 189
2 PCRS Fdstaich. oF 500 bpe] PCR Products 2391
[ o2 Agd pET28b L3 WE o] subclonings 4 A8+

Z7 (30cycle) &
al

Ncol 3 Xho

2) Phycoerythrin Bsubunit®] subcloning

a subunit?} AR AZE 1.1 kbel phycoerythring FH o2 g <]

pET22bell MBS RS F38st7] feto] B53} 22 primers 230t

RPE p-forward : 5 -NNNNCATATGCTTGATGCATTTTCTAGA-3" ( Nde 1)
RPE B-backward : 5'-NNNNCTCGAGGCTAATAGCTGCGACTACTCT-3'( Xho 1)

29 asubunite] MEF2YI e wyHor =Z3FH Bsybunitd sizes o
540 bp 4& 9l

[e) -

sholat o, Ndel ¥ Xhol &2 Awk3dt pET22b vectorol] A&
Hog FRY3t

sH]¥ Phycoerythrin a,Bsubunit construct® 3+ JM1099] electroporation

WS Al YATAZ F BAE At



M : 1 Kb ladder
1 lane : RPE asubunit
2 lane : RPE Bsubunit
3 lane : pET28b
4 lane @ pET22b #1
5 lane : pET22b #2

Fig. 6 Porphyra phycoerythrin subunit® cloning

3) Plasmid DNA®] & % 5 A

Plasmid DNA¢] &+ alkaline lysis B8-S W3 sle] 4308} v Sambrook
et al, 1989). Plasmid DNAE 743 & #5E ampicillin(pET22b-RPEa),
kanamycin(pET28b-RPEB)°] %3tel LB HiX| o] HE3}o] st wjdAzl &
FAE 353 S, lysis buffer 100 pl o] AEsle] Ao 587 ¥2] 3519t}
o]7]e 0.2 N NaOH/1% SDS &9 200 ulE FH7Fste] d&el 53k wAsh &
3 M potassium acetate &9 150 wE H7tstod & 3
12,000 rpm e = 10%-7F A Egste] 4 dE& Rol s TE 23} phenol#t
chloroform /isoamylalcohol (24:1)2 F%3}
Ao 587 WA$ £ 12,000 rpmii 1027 A8 1:]—%’ AAES 70%
ethanol= A& 3lo] 21& 7L_7w:/\]Zl % DNase free RNaseE X33 TE bufferel

1 2 3 4 5 M 6 7 8 9 10

M : 1 Kb ladder
1,2,345 : pET28b-RPEa
| S S Qg S 1 — 6,7,89,10 : pET22b-RPEB

) e ey G e e P e

-
-

Fig. 7 Construction of Expression vector



1 2 3 4 5 M 6 7 8 9 10

M : 1 Kb ladder
1,2345 : pET28b-RPEa
Ncol, Xhol
cut
6,7,8,9,10 : pET22b-RPES
Ndel, Xhol

cut

Fig. 8 Identification of Expression vector

. A %3 Phycoerythrin subunit®] o) ] =&

1) A %3 Phycoerythrin a, B subunit®] 23

018 Q%S plasmidE 7L 4= E coli BL2IDE3E ampicillin(pET22b-RPE
a), kanamycin (pET28b-RPEB)e] ZH7}e LB wjAlol 1% HZF3dte] 37ClA
600 nmoll A ¢ F3=7F 06 A7 HAS W7k 718 5, IPTGE HF 5%
7F 05 mMe] HE5 Hrlste] AZxg @@ 9] inclusion body AAS ¢ A3}
71§13 30TCelA 4A1ZF F2F wiFeteith 5000 rpme 2 5% 3F AT ek
#AE 3¢ by 1 mM PMSF9 1 mM DTT7F 234 protein extraction
buffer (10 mM Tris-HCI (pH 8.0), 1 mM MgCl)o| &E3sle] L3 33k
%, 20,000 rpme = 1583 YA EE et E. coli cell debrisE A A3

2) A %%t Phycoerythrin®] SDS-PAGE &<l

A %3t Phycoerythrin af subunit®] &R Folslr] 9Jsle] 5% stacking,
15% separating gel= ©]-&3F SDS-polyacrylamide gel electrophoresis(SDS-PAGE)
(Laemmli, 1970)5 A Alstsdch A719 53 gele 0.1% coomassie brilliant blue

=
R-2500.2 1A)7F oA , &A g (10% acetic acid, 10% methanol) & &

ERET

=
+



M1 23 45 67 89

M : Low molecular weight marker

1 lane : negative control (0.5mM IPTGZ7})

2 lane : negative control (no induction)

3 lane : pET28b-RPEa #1((0.5mM IPTGZH 7}

4 lane : pET28b-RPEa #1(no induction)

5 lane : pET28b-RPEa #2((0.5mM IPTGX 7}

6 lane : pET28b-RPEa #3((0.5mM IPTG3 7}

7 lane : pET22b-RPEB #1((0.5mM IPTG# 7}
1 8 lane : pET22b-RPE” #2((0.5mM IPTG# 7})

ET22b-RPE _#3((0.5mM IPTG# 71
Fig. 9 Detection of Phycoerythrin aﬁl Su%umt y SDS-PAGE

3. Natural Phorphyra phycoerythrin 2 Recombinant phycoerythrin subunit®] 34 A4k
7} &9 % ¥ Immunization

Zkzke] g e gk WY FIAHS Aikstr] ste], 15% SDS-PAGEE
Abgshe] &
recombinant phycoerythrin subunit ap T 2aS gel2 58 Zgtfjo] 1X PBS
= bW washing?r § & e, vA 2539 E48RS S8l ol otn}
ol ARRYH FEIGTE olHA e F=RlE A7 dAs FPo R o]
AAFE( F : balb/c ) WIS 47kl AA 109 @91z HAASSItE W AA9
kM Wl A A (pre-immune serum)S SR 7] 9ste] A FEEo oA
100 ulE AHdstsct 12k 22 32k Aol A= Eelg A extractvhS AEE
Byo] Bl Fapatelon 4720 wolelME 1 X 10° 9 ¢HAIEQ] sarcoma cell 7}
7l A extracts: & EFI 5, 5 FARISIT 42k W FAE 5 109 0] A
of FEHE Eestr] fste] 5 mle H4E FE3 5, AN OREE 1 mlo
M-S AEste] 4TolA a7 Bagh & A4AE2(1,000xg, A, 102)3te] &3
&% (antiserum)& 2|5}
U, He FPHe ol 2 d97F 54 (Western blot analysis)

z e g gEE FA Solds FAst7l 9k
Western blot #41& AAlsdth. WA 10 pge T @¥Eds FE3819115%

)
g3l purified Natural phycoerythrin % putative linker protein@}

'l

12 pet o oot
[e3

e
ot
ruBL
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SDS-PAGEE At&-3te] #83F % semidry electroblotting & AR&-3ke] U
ER AEZ = membrane®] transferstth A=A 0.05% Tween 20, 5% BSA7}
= S buffer® overnight blockingS A8t em, z 3¢ Tl Aol o3k
22 FAE 1 2500 W&z Hrlsle] ALdA] 243 wjkE & PBSE 4 A
35ttt thA] Alkaline phosphatese 7} conjugate® 22k AE 1 @ 2000 wl&=
A7kete] AgellA 1A7F wigaEigith. PBS® 4W A= AAE $ NBT/BCIP
substrateZ AF-&3slo] @A wkS-S 723G

@A Figure 109 ZA3A¥  ZH(Phorphyra)ell A AAg A4
Phycoerythrin % Rod linker like protein, ZL2]31 A %3 phycoerythrin a
B subunit =5 ttEE g AS HeHoer Fisgon FAd A

rlr

jacs

A Az duld mrola o AV AR waHoR ortE veRY
S 4 F AT For o) @A whEe FAHE ARt He A& T
= Wol AxF phycoerythrin®] &7} Ew ofye} of g 744 Hxow

808 A S Aol

coomassie staining




M1 2 3 4

anti-Pantibody

M 12 3 4

anti—aantibody

anti-RPE antibody




anti-linker antibody

1. lane : negativer control (BL21DE3 without plasmid)
2. lane : total protein of expessed recombinant beta subunit
3. lane : total protein of expessed recombinant alpa subunit

4. lane : partial purified natural Phycoerythrin

Figure 10. Western analysis

4. Putative Phycoerythrin rod-linker 7% #}¢] + ]

7h N-2eb oful =il 71 d &4

WA 10 pge] AAE natural phycoerythrin @28 FZ3}o] 15% SDS-PAGE
£ Abgste] 283§ AS freldelA Zddte] SRR A% dd §
transfer buffero]l ®©7F %%t} PVDF membrane wlgHgol 2%7F A%
G T el 2 SF50 @A @/ transfer$ sandwichg W] 50
mA= 3AIZF eletro-blotting S A AISFA T A2 0.1% ponceau S(1%
acetic acid)2 283t AA|g & FHFTE destaining T F & TYH oF
30 KDa ©| & 33F+= putative phycoerythrin linker protein band®%tg 2
g7l 23 A AT AR A A3 0 02-920-0732 )l = AE 24
717174 2] Precise 491 protein sequencing system(Applied biosystem)& A}
&sto]l A skl

t

N-2e ofnlnt 7] d A dse ohea 2
Met Leu Gly Phe Ser Leu Ile Ile Tyr



u}. Internal o} =4t 97| LE 4

Putative phycoerythrin rod linker protein® W3 o}mn| =it A7 g
3F7] 98 Trypsing ©] &3 in gel digestion ®HES AM&3st o t} 74,
t}. 2k 300 pmol ©]&¢ SDS-PAGE A¢] bandZ Ze}l 0.1%TFAR 3+ FH
of ¥i 50% acetonitrle25¥ washing 3+ & T2 #AZ3Fe] 10mM NH4CO3
ol 0.3 ug9 trypsing F7}ste] 37TCoAl 24A13F WES AT 25 01 % TFA
/ 60% acetonitriles ©]-&3Fo] 1A1H¥] 29 washing 3 & 524 #A%39 01%

TFAC &3iA]A St=p7]2qstA A+ S84 (23 0 02-920-0732 )l
9= AL 2A7)7149 SMART HPLC 71712 E& #83 5 thA] Precise

491 protein sequencing system(Applied biosystem) 71715 Ab&3te] &A1&kt
Hoobmeah VI d B4 A v 2o
229 fraction : Val Ile Tyr Ala Leu Ile Ala Gly Asp Pro Val Gly Arg Phe Pro
259 fraction : Leu Asn Leu Pro Thr Ser Ala Tyr Val Ala Ser Phe Ala Phe Ala Arg
oA EAg ofp it QA7) DE o] &3t cyanobacteriadl Al ] EAE
Rod linker protein® homology test 23 FAHdol A gllal NCBI N
blast(e}n] =4t M d) A3} T ZF 2] phycoerythrin subunit®} ¢F 90%2] A4
S Uegdo] 443 Rod linker like protein®] o}Y @k phycoerythrin subunit®]
Aol AY 718 F27F ol dekA] ek duldol gk dHole e FE AEW
g Ak dA7A EAE Rod linker proteine =3] dF-Eo]7] uj&E
linker @A o] el wl¢ oge Zo® AAAY Eg B Ao LA Fe A
o] Az3 phycoerythrin®] Aol e h2= oJAXA] 7] o] o]ie] Axtz
AS v skt

5. A %3 WMol Phycoerythrin S.#FZWE o] g &3

7}. Wo] phycoerythrin ¥ 2 222 primer A 7|

%% (Rodophyta), #(porphyra)=Z45 #z ¥ R-phycoerythrin(RPE)-
ok 1.1 kb9 size®ZA ap F 719 polypeptide® T+AE operond TFE 71X
32 3t} Phycoerythrin< chloroplast genome®l| coding® ¢l 12, 2+ subunit
o] FHA @79} AL a 495bp (21KDa), B 534bp (23KDa)o|th. o=z F

E] &8 Phycoerythrin operon< A E9| translation A AE 7FA 3 917]



uf Fof] Aol A Phycoerythrin operons W& A|717] $J38] i+t <] translation
AAZ 7}4 4 Q%= ribosomal binding siteZ <1912 o2 A 23k linkerE ©]§

3lo] X&) linker® A2 primers &3 2 tHggagas gaagga® X 3h).

Linker-Forward : 5 -GAAGGAAAAACATGAAATCAGTTATTA-3
Linker-Backward : 5'-CATGTTTTTCCTTCTAAATGGATTAAGTAC-3'

RPE a-backward : 5'-NNNNCTCGAGGCTTAAAGCGTTGATAAGGTA-3" ( Xho1)
RPE B-forward : 5 -NNNNCATATGCTTGATGCATTTTCTAGA-3" ( Nde 1)
RPE B-forward2 : 5-NNNNCCATGGTTGATGCATTTTCTAGA-3" ( Neo 1)

Table 2. Gene structure of phorphyra phycorythrin

1 atgcttgatg cattttctag agtagtagta aattccgacg ctaaagcetgce ttatgtaggc

61 ggtagcgatc tacaagctct aaaaaaattc atcgcagatg gtaacaaacg tttagattct
121 gttaacgcaa ttgtttctaa cgctagttgt atcgtttctg atgctatttc tggtatgate

181 tgtgaaaatc ctggtctaat tgcacctggt ggaaattgtt acactaatcg tcgtatggct
241 gcttgtctac gtgacggtga aattatttta cgttatgttt cctacgetct tcttgetgga

301 gatccttctg ttcttgaaga tegttgtett aacggtctta aagaaactta cattgcttta

361 gotgtaccta ctaactcttc tgtaagagcet gtaagcatca tgaaggcage agcagttgca
421 ttcattacta atactgcttc ccaacgtaag atggcaacag cagacggtga ttgttctget
481 ttagcttctg aagtagetag ctattgcgac agagtagetg cagcetattag ctaaaagttt
541 gaaataactc caagccgtaa gtttgaaaag tatttaaaat aagtacttaa tccattt
aaacat gaaatcagtt attactacta cgatcggtgc agcagatget gctggtcgtt
661 tccegtecag ttccgatctt gaatcegttc aaggtaatat ccaacgtgeca geagcetcgac
721 tagaagcagc tgaaaaacta gctagcaacc atgaagcagt tgttaaagaa gctggcgatg
781 cttgttttgc taaatactct tacttgaaaa atccaggtga agctggtgac agtcaagaaa
841 aagtaaacaa atgctacaga gatgtagatc attatatgcg tctagttaac tactgcttag
901 ttottgotog tactggtcca gtagacgagt ggggceattge tggtgetcgt gaagtttace
961 gtactttaaa tttaccaact tctgcttacg tagcatcctt tgegtttgct cgtgacagat
1021 tatgtgticc acgtgacatg tctgctcaag caggtgttga atatgctggt aatttagact
1081 accttatcaa cgctttaage taa

1-534 bp : B subunit, 609-1103 bp : a subunit
598-603 bp : eukaryotic ribosomal binding site



99 PrimerE AF&3Fe] o] beta subunti (beta-F, linker-B,B2)3} o]
alpa subunit (linker-N, alpa-B)& <33 S 2dA= olg€A F%Hd 7
subunits FH R Wo] A3 phycoerythring 4&F 4 o2 F#3te] pGEM
T easy WE F24sto] Q7ML S A st gt (Figure 13. 7]
AEEA Zx), olZ2A w3 oF 1100 bpel PCR ProductE Ncol 3 Xhol
o7 Addt pET32bol Ndel ¥ Xhol o2 Aukst pET22btdwelo] Z+zh

subcloning< A A] 8} T}

1 Lane : original Phycoerythrin(Ba) full gene
2 Lane : mutated Phycoerythrin(pa) full gene

Fig. 11 Detection of Mutated Phycoerythrin full gene by PCR-based mutagenesis

M : 1Kb DNA ladder
1 Lane : pET22b/Mutational RPE operon pa

2.3 lane : pET32b/Mutational RPE operon Ba

Fig. 12 Identification of mutated Phycoerythrin constructs
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Fig. 13 Alignment between phorphyra phycoerythrin and mutaional phycoerythrin
(NCBI blast search program A&

915 9o] ribosomal binding site7} e A= A¥F

Ao agelA & 5
97199 BHS e qAT + ATk
3

Aow AFHYFES

. Wo] A =3 phycoerythrin S.#HZWE 9] g W &3

1) Wo] A %% Phycoerythrin operon?] &

FH)E Q2% plasmidS 7422 = E coli BL21DE3E ampicillin(pET22b-RPEBa),
(pET32b-MRPEBa)e] 7 LB Hixlel 1% HF3ske] 37TColA 600 nmeol Al
o F3=7F 06 A=7F HAS WA 71§, IPTGE HF 557l 05 mM
o] T =ZE Hrlste] AMEE EM AL inclusion body XS AASH7] ¢&] 30
Toll A 4A17F EoF wjsbaith 5000 rpme 2 58-7F YA ste] FAZ2 3
3 o2 1 mM PMSF¢ 1 mM DTT7F £39 protein extraction buffer (10
mM Tris-HCl (pH 80), 1 mM MgCly)el #este] &3 g & 20,000
pml 2 1587 A& st E coli cell debrisE A 73} ¢}

2) A %3 Phycoerythrin® SDS-PAGE &2l

Hol A %3 Phycoerythrin pas] #HdHE &Rlsty] $8ke] 5% stacking,



15% separating gels ©]83 SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) (Laemmli, 1970)& AAlgdd. A7]9d5s  gele 0.1%
coomassie brilliant blue R-2502. % 1A]7F A3t 5 &al & (10% acetic

acid, 10% methanol) ©. & e &} o),

M 12 34 567289

M : Low molecular weight marker

1 lane : positive control (RPEasubunit ¥3})

2 lane : RPEBa #1(no induction)

3 lane : RPEBa #1(0.5mM IPTG induction)

4 lane : RPEBa #2(0.5mM IPTG induction)

5 lane : RPEBa #3(0.5mM IPTG induction)
' I 6 lane : RPEBa #4(0.5mM IPTG induction)

. 7 lane : RPEBa #5(0.5mM IPTG induction)
8 lane : RPEBa #6(0.5mM IPTG induction)

l.“" 9 lane : RPEBa #7(05mM IPTG induction)

Fig. 14 Detection of pET22b cloned Mutational recombinant Phycoerythrin
operon among the Total protein in E.coli BL21DE3

9o Aol & 4 9%o] phycoerythrin N @&2] beta subunit®] =3 &%
o] "3} alpa subunit®] @& ko] A o1} hoterologous protein®©] AW FA A o
S g ¢ U}t o F accessory protein?l HY2 Y+ PEB AB ¢
KR
=

NZOEA AZE 2 AEF phycoerythrin® WA FIA Hr}



M1234567 891011 12

M : Low molecular weight marker

1 lane : negative control (0.5mM IPTG induction)
2 lane : negative control (no induction)

3 lane : RPEBa #1(0.5mM IPTG induction)
4 lane : RPEBa #2(0.5mM IPTG induction)
5 lane : RPEBa #3(0.5mM IPTG induction)
6 lane : RPEBa #4(0.5mM IPTG induction)
7 lane : RPEBa #5(0.5mM IPTG induction)
8 lane : RPEBa #6(0.5mM IPTG induction)
9 lane : RPEBa #7(0.5mM IPTG induction)
10 lane : RPE  #8(0.5mM IPTG induction)
11 lane : RPE  #9(0.5mM IPTG induction)

Fig. 15 Detection of pET32b glonedpMutagenalragambhaant,Bhycoerythrin
operon among the Total protein in E.coli BL21DE3

6. B2 Arabidopsis(ell 7174 t) Phytochromobilin synthase HY2 ™4+ &l
7}. Phytochromobilin synthase HY2 7 %2}t] primer 4 7|

Phytochromobilin synthase HY2+ Ferredoxin-dependent bilin reductase @ 4]
A 71 A9 EA 8= Linear tetrapyrrole A3 21 Phytobiling Al sl
4 FoJdtE Zaolth B ¥l EF 2 Recombinant phycoerythrin®] assemblyoll
Abgst7] 91éto] arabidopsis®=F-E Elstalzl skdvk. HY2 #Fdxke] &2
AL8317] 9% primers NCBI9 genebank (gi:13359272)2F-8 A|&w+e £-7
ARE ngo w2 Md7stgon g u 2dWEQ pET28a 2 pET29acl A

BE2YS £ A Agags I7HES Hetg e I sequences the Zr)

HY2-forward : 5'-NNNNGAGCTCATGGCTTTATCAATGGAGTTTG-3" (Sac1)
HY2-backward : 5'-NNNNAAGCTTTTAGCCGATAAATTGTCCTGTT-3" (HindIll)

Phytochromobilin synthase HY2 %2 cDNA size:= 990 bpel® t©}&

bilin reductase®} 33 FAE S 7FA AL o] HaE AT



t}. ArabidopsisZ% B Total RNA9 #¢

Arabidopsis ecotype®! Col-O%} Sei-OF HAAALZE ALg3te] G5 Pust &
w A Zol Mg o] HEE T o7]e] 1ml9] extratction buffer(8M LiCl,
29 B-mercaptoethanol)S H7}8}o] vortexingS 3] overnignt incubations 3+
13,000g 20++ &<t YA AT pellets 338kl solubilization buffer(0.5% SDS,
100mM NaCl, 25mM EDTA, 10mM Tris-HCl, pH 7.6, 2% B-mercaptoethanol)®ll
dissolve A7l & %89 phenolg #H7}8lil vortexingdle] 13,000g 20% %<t
AR o] A5 dE I ¥ 3M sodium acetate®} 1.5volume?] ethanol
A7bst Ao LAl st £ pelletS 70% ethanol® washing, 0.1%¢] DEPC
RNAE &8s, 5= 92 55 SAsATH

t}. RT-PCR ¥ subcloning

RT-PCR< total RNA 5 ug, backward primer 30pmol, 5X reverse transcriptase
buffer, 10mM dNTP, Moloney Murine Leukemia Virus(MMLV) Reverse
Transcriptase 100 UnitE H7}sto] 37Col A 1A17F %<t reverse transcriptations
T35ttt F§A4E first strand cDNAS F38 22 forward, backward primer,
10X reaction buffer, 256 mM dNTP, “18]3 Tag polymeraseE Z 7}ttt 94
T 18, 56T 1% 30%, 72C 18 7o 303 wrEsle] HY2 F3AE 52
taem, 1% agarose geldl A d7]g5dte] &g F pGEM T-easy Wl

Angzdstel 1 97149 Basgch

ne

1 lane : Sei-O Oligo dT primer

2 lane : Sei-O sequence specific primer
3 lane : Col-O Oligo dT primer

4 lane : Col-O sequence specific primer
5 lane : Col-O callus Oligo dT primer

6 lane : Col-O callus sequence specific primer

Fig. 16 RT-PCR of Arabidopsis Phytochromobilin synthase HY?2



Clonded Arabidopsis Phytochromobilin synthase HYZ2 sequence

atggagtttgggttttcaattgggtcatgcttcaaggcaccaaacccacctgttctaatctctgcaagecctataagatcaa
tttcacgttgagaaggagaaagaaaagattcttacttagagtctctgctgtgtcgtataaggaattcgcagagtctgett
tagaagaaaccaggaaaaggatcgttcttgaaccttcacatctccaggaaaagtatagtagcatgacaggactagatggtaaga
ccgaacttcaaatgcttgcttttaaatcttcaaagattagactcttgaggagtatggcaatagagaatgagacaatgcaggtctttg
actttgcgggtttcatggagcectgagtatgatactcecatattetgtgcetaactttttcacatctaccaacgttaacatagttgtattg
gaccttaatectttgcatcagttgactgaccagacggattaccaagacaagtattataacaagataatgtccatatatcacaaatat
gctgagactttcccatggggagggaaattgactggtgaatccataaagttttictcgectttggtgatgtggactaggttttegtet
agcaaagaaaaacataaggctttgttctctgegttictagagtactatcaggcatggcttgagatgacaatccaagtgagggag
gagatggaaccatctcatgtgagagccaattgtgaagcacaacacaagtacctgacatggcgagcacaaaaggatcctggac
atggtcticttaaaagattagtaggtgaagcaaaggcaaaggagetgctaagggatttcetgticaatggggtggatgagttag
gcacaaaaacattcattgattactttccagagtaccaaacagaagatggaactgtaagcgataaagaagtatcattgggaagtca

tatgaaactcgtccatgggatttaacaggacaatttatcggcetaa

Table 1. Nucleotide sequences of Arabidopsis phytochromobilin synthase HY 2
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Fig. 17 Alignment between Arabidopsis Phytochromobilin synthase HYZ and
cloned HY2 (NCBI blast search program A}-&)

2}. Phytochromobilin synthase HY2 ™%+ 2

1) Phytochromobilin synthase HY2¢] 2d

=08 AZFF plasmidE 7HA 1 9= E coli BL2IDE3E kanamycin(pET28a-HY?2),
(PET29a-HY2)e] #H7bg LB wiAell 1% FE3ske] 37CelA 600 nmell A o] &
BE7F 06 =7 HAE WA 71§, IPTGE HE &%7F 05 mMo] ¥
=2 Hrbsleod A xg @ A9 inclusion body S AA|37] €3] 30TCNA
AXN T FoF vl et 5000 rpme 2 587 AR s wFAE 343 e
1 mM PMSFe¢ 1 mM DTT7} *3t® protein extraction buffer (10 mM



Tris-HCI (pH 8.0), 1 mM MgCl)ol| dgste] =3 &gk & 20,000 rpmo
2 1513 9Aalweste] E coli cell debrisE Al 73} th

2) Phytochromobilin synthase HY22] SDS-PAGE &<l

Phytochromobilin  synthase HY2¢] ddoF-5 &RIst7] 9lste] 5% stacking, 15%
separating gelS ©] 83 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
(Laemmli, 1970)& A8k cE A719%5 3 gel 0.1% coomassie brilliant blue R-250

o7 A7 G B ekl 2ol (109 acetic acid, 109 methanol) ©.& E-435}5]

M 123 45 67 89

M Low molecular weight marker
1 1 lane : negative control (0.5mM IPTG induction)
n : BEw 2 lane : negative control (no induction)
p— iy e

&

3 lane : HY2 #1 (0.5mM IPTG induction)
4 lane : HY2 #1 (no induction)

5 lane : HY2 #2 (0.5mM IPTG induction)
*‘ L 6 lane : HY2 #3 (05.mM IPTG induction)
7 lane : HY2 #4(0.5mM IPTG induction)

8 lane : HY2 #5(0.5mM IPTG induction)

9 lane : HY2 #(0.5mM IPTG induction)

' &
P

1 3R -

-

fi‘?

Fig. 18 Detection of pET28a cloned Phytochromobilin synthase (HY2) among
the Total protein in E.coli BL21DE3



M 123 4567289

M : Low molecular weight marker

1 lane : negative control (0.5mM IPTG induction)

2 lane : negative control (no induction)
i” g a . a 3 lane : HY2 #1 (0.5mM IPTG induction)
i 1. 4 lane : HY2 #1 (no induction)
- 5 lane : HY2 #2 (0.5mM IPTG induction)
T 6 lane : HY2 #3 (05.mM IPTG induction)
!l F 1 L Bd 7 lane : HY2 #4 (0.5mM IPTG induction)
8 lane : HY2 #5 (0.5mM IPTG induction)

9 lane : HY2 #6 (0.5mM IPTG induction)

9 lane @ HY2 #7 (0.5mM IPTG induction)
Fig. 19 Detection of pET29a cloned Phytochromobilin synthase (HY2) among

the Total protein in E.coli BL21DE3

A g FEAWE Q] pET28a 2 pET20a0 duAoz qEIF2sdAyl, 1 &
o] Ui ofete] ko WAxds gysto] o] AxF phycoerythring AAtah=
QHEWEC] pET2Zb or 32/ Mutational RPE Ba®} $HA| co-transformationA|#] A=+
phycoerythrin®] assembly7} 52| 0= o] Fo|z] F2 WS w=x] gRIE o o]t}

7. B2 A Phycoerythrobilin synthase (PEB A,B)¢] o) &+ 23

7}. Phycoerythrobilin synthase (PEB A,B) % #}2] primer 7|
Phycoerythrobilin synthase (PEB AB) 39| F% & vl ATCCZY-H

Nostoc spp.2] genomic DNA (29133D)E 43t Genomic PCRS A A8

th. PCRell AH&-3 primere= gt f 2@ WE]l pET22b 3 pET28bell A B 2=

e = A Aas A7IES H7FEH oW 1 sequence: S 2t
NosPEBA-forward : 5'-NNNCATATGCTCAATTCCCAATCCOCA-3 (Nde 1)
NosPEBA-backward : 5 -NNNCTOGAGTCTTTTACTTGCACTAACTGC-3 (Xho1)

NosPEBB-forward : 5'-NNNCATATGAATTCGGAGCGAAGCGAC-3" (Nde 1)
NosPEBB-backward : 5'-NNNCTCGAGCTTGACGACTGTTAATTTTCT-3" (Xho 1)



“123l PEB AB fradate] 2] B AdEARl ME 5% Fg. 20, 21= 3l st
ATk WE ] 5 A4 FHAkE AT W 3 R FHAkE s
5 etk 53] o] A3
S L EWE|Q]l pET22be} 32b/ Mutational RPE Ba¢} 4 co-transformation?| 7
A Z8 phycoerythrin®] assembly7} A&# 07 o]Fojzx] B& AMZS veh=A] el
g o goltt.

et
>
N
rlr
ol
i
tlo

promoterstell o] operonel] <J3l

M 1 2 3 4

1 ,2 Lane : Phycoerythrobilin synthase(PEB A)
3 4 Lane : Phycoerythrobilin synthase(PEB B)

Fg 20 Detection of Phycoerythrobilin synthase (PEB AB) full gene by genomic PCR

M123 M 12 3

1,2,3 Lane : Phycoerythrobilin synthase(PEB A)
456 Lane : Phycoerythrobilin synthase(PEB B)

Fig. 21 Construction of Expression vector

1}, Phycoerythrobilin synathase(PEB AB) ™%+ o 2+&
1) Phycoerythrobilin synathase(PEB A B) ¢ d&
HE AZE plasmidE 7143l A= E coli BL2IDE3E kanamycin(pET28a-HY?2),



(PET29a-HY2)e] #7be LB iAol 1% gEske] 37CelA 600 nmell A o] &
BE7F 06 A&7 HNE WA 71§, IPTGE HE &5%7F 05 mMo]
=2 Hrlele] Az @A inclusion body B8-S A7) 98] 30T ol A
AN ZE Sk wi sl 5000 rppmo 2 53 FA st FAE 5 o
1 mM PMSF¢ 1 mM DTT7} *3%% protein extraction buffer (10 mM
Tris-HCI (pH 8.0), 1 mM MgCly)ol dgste] =3 vt & 20,000 rpmo
2 1513 9Aalweste] E coli cell debrisE Al 73} th

2) Phycoerythrobilin synathase(PEB A,B)2] SDS-PAGE &<l

Phycoerythrobilin synathase(PEB AB)2] @&ARE IR1517] $35le] 5% stacking,
15% separating gelS ©]-8-3F SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
(Laemmli, 1970)& A ARt #7153 gel 0.1% coomassie brilliant blue
R-2502.2 1AZF A & &2l o (10% acetic acid, 10% methanol) &2

g A sh gl o,

M1 2 3 456789

M : Low molecular weight marker

1 lane : negative control (0.omM IPTG induction)

i i

 E 318

w B
=i

2 lane : negative control (no induction)

3 lane : PEB A #1 (0.5mM IPTG induction)
4 lane : PEB A #1 (no induction)

5 lane : PEB A #2 (0.5mM IPTG induction)
6 lane : PEB A #3 (05.mM IPTG induction)
7 lane : PEB A #4 (0.5mM IPTG induction)
8 lane : PEB A #5 (0.5mM IPTG induction)
9 lane : PEB A #6 (0.5mM IPTG induction)
9 lane : PEB A #7 (0.5mM IPTG induction)

& . i
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Y Il
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* e
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Fig. 22 Detection of pET22b cloned phycoerythrobilin synthase (PEB A)
among the Total protein in E.coli BL21DE3



M1 2 3 4567289

M : Low molecular weight marker
**' B 1 lane : negative control (0.5mM IPTG induction)
2 lane : negative control (no induction)
3 lane : PEB A #1 (0.5mM IPTG induction)
4 lane : PEB A #1 (no induction)
5 lane : PEB A #2 (0.5mM IPTG induction)
6 lane : PEB A #3 (05.mM IPTG induction)
7 lane : PEB A #4 (0.5mM IPTG induction)
8 lane : PEB A #5 (0.5mM IPTG induction)
: PEB A _#6 (0.5mM IPTG inductio

Fig. 23 Detection of pET28b cloned phycoerythrobﬂm synthase IE)B B)
lane : PEB A #7 (0.omM IPTG 1nduct10n)

among the Total protein in E.coli BL21DE3
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1. Ad A5

Phycoerythrin®] X &A@ AszF 30%)= 272 B-phycoerythrin
(Porpryridium crueutum), R-phycoerythrin(Porphyra tenera), r-phycoerythrin
(Porphyra tenera)E AF&3llx A9 #A5v|7F 43 02 mg/ml 25 A&
st AAMrw G ZF(Trichodesmium erythraeum)™MA 2 T XFALE
A8 A

FJTgA Ao AETORE AL TFE= L acidophilus KFRI162,
Lactobacillus brevis KFRI146, Lactobacillus casei KFRI228, Lactococcus
lactis subsp. lactis N3¢+ SKDI1016, Lactobacillus plantarum KFRI163,
Lactobacillus sake KFRI237, Enterococcus faecium KFRI133, KFRI134,
KFRI195, Luconostoc cremori KFRI241, Luconostoc mesenteriodes
KFRI351, KFRI1550] A th.

A A0 AEE AlgsE YRR 2 9wy, 3 A, AF Ay, s2
T ZelzE, AYFE 39 v 228 Trollis, 7HEEA AgEEs,

SHE UM A d=, MASH, A= o], Mistic, o9]ell o] =, Welch "s, ©7|

FE Zoenl, 2AFNE A2FE VS, S EoR 45
NAZ, FA7FEEoR ARAS, FFE Boon's, 355, B4 FoR A¥
2, dAFR 2, 28w AL A2 s Aeans A 435,

3} 2] 7}, rose bengal, neutral redE AF&3%

Abg7H] W 7] 9t = Sonicator(Fisher Scientific, FS110), Water bath(Chang
Shin Scientific Co.), Spectrophotometer(Jasco, V-550), Spectrocolormeter(Color
Quest Spere, 6321 Hunter Lab), Color-Chips(A]5-7}2} o]F 2 A A% FE)o]Ath

5

=4 =]

FA2E 1097 7ol A st 1 L F2FE 10 mlol AdE Az
7

™ 10%7F sonication A1 ¥ 0.45m FilterZ o 3}A]7]3 30,000 Mwt Filter®



starter?l Enteroco- ccus faecalis SKD1012, 1013, 1014, 1015 5, 283 of
ol  Escherichia coli 0157 H:73, Staphylococcus aureus
KFRII71& 12A]F s ek S 4 &8 A5 ds 0.45m Filter= o] 3o A}

ofo
ol
3R
ks

AL 1%, 5%, 10262 milk agars, TEHA > 1%, 5%, 10%e] A&
, 2842 5%9] blood agarE AM&3sta zd"d 2~ AdAG] 100 ul¥
gto] 30TColA 12A17F WA Fo] &3S AT 2], Rgoa] &

T
%2 blood brothel Al5& F7bskar 37CeA 2A12F 2] $-o] 540nm

2 e o

oo &R ¢
( o

N

foX

Ll

BN

>

=

o

3R

)

=
B~
=2
lo,
%
ol
=
Ho
19
=t

A= MRS hard agar(15%) ¢l MRS soft
agar(0.75%) ¢t A ZHS 4o lawnl® g, 1 9o ~uElE A~ Ao
100 ul® AAste] Fote] AAFS A
213w A B g HA JA| TEE RENAE HFY Y FEE 71F02
mg/ml) e 2 3o 0.05 0.1, 0.2, 0.4 mg/mlE FA
M= stock solution®] 9 1/2, 1/4, 1/8 A AS HA+
St A ETF S 2 E L acidophilus KFRI1I62E AF-&-3F )
5o 3t =4 AFL 7 Sprague-dawley(SD) FE 7]E 2o|(Fd F

AgADT BE 4:1-6-4@94 AS2AL S5 42T FE
%

(GOT) ¥ glutamic pyruvic transaminase(GPT)E Z7A3ll o, 7t} xg= A&
3to] 0.9% salineo = MZ 3 & AAZ EV|E AASY FAE FH3S
A, 7he YWEA(-200)o HASPHA superoxide dismetase(SOD) ZHAEE
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Oll

[ex]
AN

d T ax
(GOT)Q} glutamic pyruvic transaminase(GPT) &4 Reitman-Frankle$ ol
upel A E kit AR (G5 A S AFEete] FASAL, 48 d9= g

9&
ruﬁ

g4 FA4L 8% F<9 glutamic oxalocetic transaminase

Imld karmem unit= %A 5}
b x4 9] Superoxide dismutaseZAE FG2 F x4 g3 4u] o] 0.25M
sucrose bufferE 7}3te] & 7] (Ultra—turrax J25)% 15000rpmel A 3&E=<F o}
Astdt. o] vk A AS 12,000rpmol A 1587F LA E 2] (Beakman, Annti J
251 centrifuge) &} AF M-S cytosol # o Z AL-E3FS T

w3k 7k 24 =4 SOD @4 %E= %4 ¥ Ransod kit(Randox)E A}-&-3}o]

=439
F2F Akd w0 ARAE Ax FHS B 2ol ek
AT 59} A =

gfe 20g4 AL FHTE 7Hete] 100me7t HEs GEAH S
W 70Tl 30&3E 7FdstHA & Aol =<2 thgol Whatman No. 42 filter
paper= S} IA|A ofufel s M FFHOR ST
it 20g 4 8t s TE 70T
ol Al 30%3F ZhdstHA & Ao EHd AL 11,325xGE 2097 W4l skl
o )}
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oZi
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_EL

A% Algel ~2¥x S8 FHE 20mME e FHFEZ 7 100me
hatman No. 42 filter paper® o33} AF&3l
ColA 7Fg3ete] &S JAEAA AA g o

2 80
A SHTFE Bl Aa FEdor siglon 2 AR - gt
=

_}L
jﬁ
I-l'T
JFU
oZif‘
Oko
l
rﬁ
40»
2

o
S5¢9 4 JFSEE 0l FHTE  UMERed 100m7F HES LA
71 & Whatman No. 42 filter paper® o 33} th. = A8 g <l Welch'sE 5
Hj 8] Alsto] Ao A B4t gas7] E7F HAE A S wj7bA] FEE WA AlA
=

Agegom Mr FEe] oee WITRE 17006xGNA 2087 A
& o ANFO FATLE AFAFOR AARYR, pHE 4TZ Aol
Sud JEe SIATIT A 17,006<Gol A 2087 21432 ahe] 43S v

)
22 pellet= dichloromethan, benzen, hexane, buthannol, methanol, ethylacetate,



acetone, alcohol, chloroform, etherZ @ &} th.
7 EL FATFEES AT 30ge Z oBA Fste] dH=ER d

H o] X5 Ao A 24A17F RSl o HZE dE R Fo Huje
THTE 7FekA A 70ColA 3083 7FEstiA] MAE &3t 1 §59
S 11.325xG= 203 94w ¥ nPFES AANG L a1 A&

Whatman No.42 filter paper®= o #}s}o] A}-&3}3 U}

ROAES 10gS FHFE 10007 H%2 HEAA =9 Fo] 1 9S
Whatman No. 42 filter paper2 o] Z}s}o] AR5} T},

IR g8 10%6v/AV) ollehe 200meol] A-8A1A 24T BAEAAL 0°CellA 71 2]
UFE FIAA AA g vy SRS BEske]l Whatman No. 42 filter paper® o]3}a}o]
g Ao sk

e 50 F 2nls FHote] SRR 100me7t HEE 8-8A14 Whatman
2 filter paper® o] 1}3sle] M FZHoz 314}

SR RS

o

|

>
oz P
&

%

No.

= = 2~

Ag M ZFAMAZ rose bengal, neutral redE= 0.04gS EFHTF

— L

100meel =¥ o 7k MAaAE 0.04gS 70%(v/v) ol g 100meel] &3l 3}
Whatman No. 42 filter paper® o] #3to] FEHS AFE3H% T

aga, AMavt F& "| A AR % peakt  spectrophotometer( Jasco,
V-550, UV/ vis spectrophotometer) 2 700914 300nm7FA] scanningdle] ZAFSFE 21,
M7 &5 H A A5 L, a, b#k spectrocolormeter(Color Quest Sphere,
6321 Hunterlab)E Ab&ste] FAstey T3k, Mavt % @ W Algs 24
A0mme! plastic  petridisholl 2} 5ml%] Yol EFo0]S videl] 7 & A8 A|5L7}e} o]FLaA]
©] COLOR-CHIPS A%=3teo} ko= nlulste] 553} al3ict

1=

PAL SR WS
05%, 075%9] R f3p Aol e AL, 85, 2eH U g

sfol Ale] 1~152 FEE HE2 A%l WEeh Labgtow 4] MshE Ak

L F2F Ase 24 A% 2 AE 284 44
oGz F 0 FEE s wuRay, AREHY 2 84 24



el Ea) g Aol A 3719 3 phycoerythrin, HEF 2 7] phycoerythrin,
adal AFE 719 Ecoli®t S aureus WjFo = EaAdo] ERA] gFgkal
= starter?] E. faecalis WGl A = @il EaAd o] el E faecalis

= ]0}1’
(Table 1).

Table 1. Proteolysis of pigments and cultured broth on skim milk

Concentra Pigments and cultured broth
tion of
i Bl S.
skim ue ]
B-phycoe | R-phycoe [r-phycoer SKD | SKD | SKD | SKD E.coli
milk ! . . green | Laver aureus
rythrin | rythrin | -ythrin o 1012 | 1013 | 1014 | 1015 | 0157 H:7
KFRI171
Skim
milk _ _ _ _ . . N N _ _
1%
Skim
milk _ _ _ _ N N . . _ _
5%
Skim
milk _ _ _ _ N N N N _ _
10%

* SKD: Enterococcus faecalis

=

A Ead Aol A EF phycoerythrin, H2&#F % 79| phycoerythrin,
a8 3l Ecoli®t S. aureus, E. faecalis W Ho A HAES E)|3x E3le] =
)

T AREHELS S0l gle Aoz HZH A (Table 2



Table 2. Amylolytic activities of pigments and cultured broth on starch solution

Blue S.
B-phycoe | R-phycoe [r-phycoer SKD | SKD | SKD | SKD E.coli
_ _ ) green || qyer aureus
rythrin | rythrin ythrin alas 1012 | 1013 | 1014 | 1015 |O157 H:7
algae KFRI171
Starch
1%
Starch
5%
Starch
10%

**% SKD: Enterococcus faecalis

|84 ZAbol A 3719 # < phycoerythrin, §&F 2 719 phycoerythrino
e S840 YeERYRA ki, 255 12 Ecolitt S. aureus Wi F 3} 2] o]
= starter®l E. faecalis W&o = &3 Aol YElytH(Table 3). E.coli®t S.
aureust ATHTY 540 A4S YA E faecalist 7FE T SHE

MEE EHl(Table Dste] &84S HEld Ao= 75T

Table 3. Hemolysis of pigments and cultured broth on sheep blood

B-phycoe | R-phycoe [r-phycoer Blue SKD | SKD | SKD | SKD E.coli
_ _ ) green |1 qyer aureus
rythrin rythrin ythrin algae 1012 | 1013 | 1014 | 1015 [O157 H:7
& KFRI171
Blood
- - - - - + + + + + +
agar(5%)
Blood
- - - - - + + + + + +
broth(2%)

* SKD: Enterococcus faecalis
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2l L. acidophilus, L.
starter®l L. casei, Lactococcus lactis
subsp. lactis®t 71X BTl Lactobacillus plantarum, Luconostoc cremoris,
Luconostoc mesenteriodes, 12|31 & A2t 9l Lactobacillus sakeZ < A )4
Ysto] BEAFE ST B A Foutel dEE Gl gls AeE AZEHIAH
(Table 4).



Table 4. Inhibition zone of indicated strain on agar plate by phycoerythrin

and cultured broth (unit: mm)

Blue S.
Indicator |B-Phycoe | R-Phycoe [r-Phycoer SKD SKD SKD E.coli
green | Laver aureus

Strain rythrin rythrin ythrin | 1013 1014 1015 0157 H:7
aeac KFRII71

KFRI
162
KFRI

146
KFRI

228

SKD

1016
KFRI

163
KFRI

KFRI

352

KFRI

155

* KFRI162: L. acidophilus, KFRI146: Lactobacillus brevis, KFRI228: Lactobacillus casei, N3,

SKDI1016: Lactococcus lactis subsp. lactis, KFRI163: Lactobacillus plantarum, KFRI237:
Lactobacillus sake, KFRI133, KFRI134, KFRI195: Enterococcus facalis, KFRI241: Luconostoc

cremori, KFRI351, KFRI155: Luconostoc mesenteriodes



2) AF wARe I Az Ha oA BE 2A

CrudestAl FEH Miol| o=AHre] &4 MA7t X3ty o YA TEF
ekl feke] 2w Mok AMa FEFHALE scanningdte] ¥Eo] Fvt
AL FA SR B2 M A9 FF peakE FAEH A3 B-phycoerythrin® 540

m$} 563nm, R-phycoerythrini= 496mm<} 539mm, r—phycoerythrine 496mme} 521
mol A, Laver® 2+ 496nm, 546mnm, 564nm, (539nmm+= UFE peakol 7R S F&=

AS), EE2F FH A2 439, 490nmet 675mmol A &< peak’t YEETHTable
AN

rie

phycoerythrinS #4135} 545nmel A] 74l
OD%kol 0.25, B-phycoerythrini= 0502 WElY G279 7o A3 Miw
E& &7] ofE i tH(Table 5).

Table 5. Optical characters of standard and crude extracted phycoerythrins

Optical characters
Plgments %%sz;bancgéé) 1311)1 Peaks on visable range (A nm)
B-phycoerythrin 0.30 0.44 540, 563
R-phycoerythrin 0.30 0.16 496, 539
r—phycoerythrin 0.28 0.33 496, 521
Laver 0.45 0.32 496, 546, 564
Blue green algae 0.68 0.24 1439, 490, 675

HE VAR @ Ak oA FEE EFALe A4 Y FED 7702
mg/mD)e.= 3t 0.05, 0.1, 0.2, 04 mg/ml=2 ZAFSR L, F2F/F it FX27F
oA Wy

M A= stock solutione] ¥ 1/2, 1/4, 1/8 NS FA+t
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Table 6. Minimal inhibition concentration of standard and crude extracted

phycoerythrins aginst Lactobacillus acidophilus

Concentration, mg/ml

Pigments (or dilution ratio for original concentration)
0.05 0.2 0.1 0.4

B-phycoerythrin - - - -

R-phycoerythrin - - - -

r-phycoerythrin - - - -

Laver - - - -

Blue green algae - - - -

u}2}b A, phycoerythrine Ak A 3Fo] el dwld o So J3Fs 5%
B AFEe 99 Foll el hemolysin® SAE UElYXA ¢ghomz A%

ol A Apgo] bdd Aom AZhE A

A EE A, 3, Aeke] FAE Table 7 2 8ol FA|3 upe} 2t}
Fostel AFWss BA A Aol HFHFES Dol
114.36g 7F¢ @okovt AF S-S Baro]l 22389+115% 7Hd =A JEr
th 27 A= Dol AolAdFH T AT Frhel Zb 7b 228741g7 249.21+12.8
2 7P e FAE YETE viAI o R 3F A= Dol 320.215g 0 2 A o
AAFS gdoy AT S/ Aol 296.05+284% 7MY ¥ T/MEHS Y
ER QT 377k Ao] AAF AT Wt vsA S7tE AR HolH

o
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Table 7. AW EEe] B2 9 Aol 47
A Bx* C* D* Ex*
0] 4ol 4ol 4ol 4ol
X o X rx =
R a0 [T M aazs0 [T aa9@ [T gz [T T aagw
25 167.21 157.04+ 164.01 174.76 158.73
(AW ALS) [ £6.1 7.4 +4.2 +4.3 +5.8
214.45 223.89+ i 209.75 208.41 200.26
3F 94.093 108.281 105.48 _ 114.36 90.96
+14.1 115 +8.2 +15.6 +9.8
251.09 i 248.12+ . 226.18 249.21 . 228.99
45 189.175 218.45 210.972 228.741 185.07
+17.3 18.3 +13.6 +12.8 +11.2
29605 | |ososss| 96747 |osies|  |osse2|
5F 263.445 323.44 ) 315.05 320.215 i} 311.6
+28.4 234 +16.7 +185 +13.6
AHEF BEERAR AA92 ST FAF PALAAT CEERAL20H T
-D: 32 F3uAYZE -E:ZFA T
« 4z AANS AZE AR~ BE SAE BFF BEAAE A8ed Uy 9
Table 8. A& 1+ FA 2 vFFA =4 3
A B C D E
AA 5.17+0.33 | 0.33£0.29 | 2.763%.72 | 0.64£0.24 | 0.5+£0.15
SOD Activity
. 43.81 2.79 23.41 5.42 4.23
(U/g Haemoglobin)
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GOT ¥ GPTE TAHXC g7 EA6tE §4a= 1 S4A] HAxez v
fFEH o] o] wwvt FrtEoRA 7 £ ARER o]&HE Lot ¥
4 GOTEAEE ox1(142.93+12.1unit/ml  serum)™ v WstgS w B

lo

(133.18+11.26unit/m¢ serum)¥} C+*(130.01#9.31unit/ml serum)< St FA & 4
BRI A 32, D*(169.09£16.96unit/ml serum)™ Ev*(164.369+12.33unit/ml serum)<>
=2 FAE YERUR ey, 1 100gd &4 F7HEo] "E:2ae 98%, B
93%, Cit 92%, D 112%, Ex*2 103% o2 diZare] vste] w2 F7he
= HolA ol fFoF Aolr7t glth Yy dwrHow FPe] AR EA
GOTHY GPTE © #@o] o]&st= Aol ded 2 AeAe dd F
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W )% SBAZE e gl dkn e Ark(Table 9),

Table 9. 8% <% GOT, GPT =4 %k

Enzyme Sweeks
activity
(w/m¢ serum) A B C D E
GOT 142.93+12.1 | 133.18+11.26 | 130.01+£9.31 | 169.09+£16.96 [164.369+12.33
GPT 60.635+4.87 | 75.938+6.23 | 77.291+7.29 [109.854+11.36] 112.063+8.26

SATET -Br 3EF(AE AN TR I PALAYT -C:EFEZFAL2MA YT

-D:ZEF3MAYT -EHEZFRALAT © EE FX = HTH EEFUAE AHEES U d



SODE A¥Y &5 AA T stz FALS Superoxide anion(Os)d Z&
free radical®] AAo] g w Z7lEE=d i Zo] 43.81U/g Haemoglobin®
Uz sl va we FAE el gixas AQe ddae e

S S

M= ZHAE Ak BA 7

Hir
Sy

A #e Aom A7 A vH(Table 10).

Table 10. 7+ %2 = SOD A X o] nX+= o3

A B C D E

ZH5A | 10.88+3.24 | 10.057+2.96 | 9.957+2.24 9.424+2.56 8.83£1.99

v ZF A | 1.638+0.32 | 1.364+0.24 | 1.553+0.33 1.714+0.48 1.384+0.19

SAET -B: FEFAR HA8L 24F] FEE DA T -CEFERA22AIY T

-D:FERIWA T -EFZFAYT T RE FAE AT EFHEAE A8 UE W
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Ak A 4055 AMEEY] Az BEAE AEHY F5494S 504nmS o
M L2 638722 azt 55.29%, bate -1893%, YEG iy MExe] FTHe
1558 vEtwth AM405 5 Abgste] ZAAgh ARl 2etw g o] FE g
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Ebutar ME3E S| Tu2 1799 #F st Th Rose bengal®l 5382 546nm %
W L2 411722 agtd 195302, bk 2440, YElWa M=xel &5
w2 19400 sFetth H2Egke] FEade 46nmA o Lt 642902
afte 74460 %, bk 42.33%, WEbW L AME=ES w2 1800 st
BrEgts e NMAE dFS SR FEIe
A YEb . F3AS g9tk Neutral rede] o 3
2 595302 agk 337802, bgt2H0.MUE, MEH] S5 1240 I8tk
wpebA, i i Fol F4342 Rose bengal, ¥1715 YEllE Laid =@
AL YR bt AAFAL FHEME YEWE agte dZeat 58 g

™ agkd} bkol }6]'%5] =

o
_0|L

St & ZF phycoerythrine oA E23 oz M4z pH 55~ 7.0904
FAFT HSAE e oY A¥ A3} alcohols FH-38
AES AL g A FE] 400 HA @v ¥ pH 7HR AL duk A A% aleohol
2 FET gzt ofele] Mavt vk pHE UEhde] AF Sl ol &3t
e pHE atelstelof & Ao wWoxr)



Table 11. Z} sample?] #3334,

77,

NEEe] 54 @

. peaks Colorimeter value Color table
Pigments Items pH
Brand name (nm) L a b DEx* value
S WAt (F-AE)  |HA25 405 A9F 507 | 57.30 | 66,57 | 19.77 | 78.27 | Y20 M80(156) [ 2.40
TIHANN(BEAR) A A2E ” 521 | 9246 [ 3338 | 425 | 567 M20(11)  [259
A7 (3 ) b gk " 507 [ 90.82 | 560 | 671 | 938 | Y10 M10(2) |2.41
FEF FeaEE) | FEFNE " 515 |68598[ 41.71 | 7.20 | 47.89 | Y10 M70(125)| 3.90
} AA2%
(a2 E) ‘ Ag 424516 | 87.70 | 6.49 | 13.47 | 17.07 | Y20 M10(8) |3.56
FA405
FEau(RuedE) | F9ANs " 496 | 89.65 | 8.98 | -0.61 | 10.49 M30(25) | 3.43
Trolli(ell 2~ %7) 2 M40 ” 498 | 59.94 | 55.49 | 19.99 | 68.98 | Y50 M70(123)| 3.21
AMFads ea@Zese) | FAFA5 | ebdF | 495 8937 | 841 | 391 | 1048 | M20(11) [268
HA2E,
vl 25wl = (e ) 34 45 &8 504 | 5894 [ 66.48 | 21.13 | 74.70 | Y20 M80(156) | 3.00
Mash(¥ 3}) FALNE " - 6246 | 7.12 | 10.97 | 31.80 M10(3) 2.78
AE o] (A LA ) A2 ” 521 | 70.00 | 44.04 | -6.28 | 49.00 | Y10 M50(69) | 3.24
Mistic(1]) FAFA T " 448,684 | 8697 | 560 | 7.32 | 1149 | Y10 M10(2) |2.73
gglool = (FmmrtEe)| g " 453,521 | 64.43 | 3812 | 28.27 | 64.20 | Y60 M60(95) | 3.47
Welch's(&A) = M40% " 505 | 69.24 | 45.90 | 9.08 | 52.22 | Y20 M60(97) |3.35
7] 1) NM FAIE 758 | 1351 | 496 | 9436 | M20(11) |5.62
Fg A8
Z22uH(F ) } B IS 516 | 7532|2740 [ -0.78 | 3346 | M30(25) | 2.80
23
2~ AFuH(Ed) dgAE ” 518 | 66.78 [ 50.15 [ -0.79 | 5493 |  M50(70) | 2.96
D7) (FE & 4405 L 506 | 53.77 | 65.50 | 27.38 | 89.19 | Y50 M70(123) ] 2.76
GE A A (ZE 8 FAANE | FNATE - 7139 | 1824 | 19.98 | 3763 | M30(25) | 4.43
Atz 54 FAANE | FANTFE - 5470 | 11.16 | 11.45 | 40.12 | Y10 M30(24) | 3.73
Boone's(F % 1 EUIA ) NM 5 520 | 8022|1139 | 156 | 1344 | M20(11) |[2.85
FFRE) NM ” 518 | 75.08 | 24.12 | 886 | 31.22 Y40(45) 3.70
A (FM A E) AA405 | BHAE | 504 | 63.87 | 55.29 | 18.93 | 65.59 | Y30 M80(155) | 3.76
2 Ehul 2] (5 A A 3F) 2405 A} - 510 | 5887 | 64.13 | 22.92 | 94.36 | Y30 M70(124) | 5.43
2| A} 33 A0 2 RES 442 | 7842 | 4590 | 51.10 |122.99| Y70(117) |[3.87
A8 AT ” 426 | 7673 | 1351 | 50.46 [129.53| Y100(179) |2.96
Rose bengal " 546 | 41.17 | 1953 | 24.30 [106.72| M100(194) |3.69
o . . . Y100 = on
s}z g7} " 467 | 64.29 | 74.46 | 42.33 |121.34 5.36
M10(180)
Neutral red " 529 | 5953 |33.78 | 446 | 5594 | M50(70) | 3.81

* peaks— nm of wavelength absorbance,

L-lightness, a-Redness,

b-yellowness




2) 2% A& pH % Fxol ma A xA}
pH &k wet MAA S o] §ate] B4 A} pH7F Eobel whet Lt
2akel7F (IAL atk ¥t bt pH 40014 pH 452 F718kdS W ax 11112
FAsA Z7ttAI b -11.25% fz} da7h ddet o ddlAE &
W37 11t (Table 12)

Table 12. %7 MA9 pHYE spectrocolormeter =74 %%

pH2.0 | pH2.5 | pH3.0 | pH3.5 | pH4.0 | pH4.5 | pH5.0 | pH5.5 | pHE.0 | pHE.S | pH7.0 | pH7.5 | pH8.0

L | 6319 | 64.24 | 64.89 | 65.18 | 656.91 | 63.06 | 64.17 | 65.72 | 67.86 | 62.87 | 65.70 | 66.11 | 65.09

a | 3328 | 3546 | 39.11 | 3551 | 21.22 | 32.33 | 35.85 | 35.06 | 33.23 | 3891 | 3543 | 3544 | 38.22

b [-30.82|-34.10]-35.98|-33.91 [ -19.39 | -30.64 | -35.46 | -33.99 [ -31.42 [ -36.75| -34.11 | -33.47 | -33.67

L : lightness, a : redness, b : yellowness

Spectrophotometer2 =43 Z3= pH 40~5.07MA+= & 339 Eg=r}t
ol B¢ R spectrume B AL dF 92 yEubA] 49k o pH 55 o4
FH = 650nm el A shube] A EE peak”7t WERSLew pHYE SIS A
WEA QL TREA A ol A Tl EE7F dE sk tH(Table 13).

moJ

Table 13. pH'E &&= M2 F4 34 ¥ F3=

pH2.0 pH2.5 pH3.0 pH3.5 pH4.0 pH4.5 pH5.0

peal abs. | ra.i |peak| abs. | rai |peak| abs. | ra.i |peak| abs. | ra.i |peak| abs. | ra.i | peak | abs. | ra.i | peak | abs. | ra.i

498] 0.18| 2/3 | 498 | 0.18 | 1/2 | 498 [ 023 | 1 | 362|025 1/2 | 502 [ 0.81 | 1 499 | 051 1 498 | 044 | 4/5
562 0.21| nt | 564 | 0.21| 2/3 | 561 [ 026 | nt | 498 | 0.35| 3/4 | 561 [ 0.78 | 7/8 | 564 | 0.54 1 565 | 0.51 1
614007 1 [614 [006| 1 |614009]| 1 |565]|046| 1 nt [0.67?| nt. | 617 | 039 | 3/5| 612 | 0.28 | 2/5
651 0.07| nt | 669 | 0.05| 1/5 | 666 [ 0.07 | 1/4 | 614 | 0.21 | 1/2 | 681 [ 0.78 | 7/8 | 653 | 0.24 [ 2/5 | 652 | 018 | 2/5




ra.i
2/3
1
1/3
1/5

pHS.0
abs.
0.27
0.37
0.11
0.07

peak
497
564
614
651

Ol

ra.i
1/2
1
1/3
1/6

0.26
0.40
0.17

0.07

abs.

pH7.5

peak
498
564
614
651

ra.i
1/2
1
1/3
1/6

pH7.0
abs.
0.26
0.40
0.17
0.07

peak
498
564
616
65z

not detectable

ra.i
1/2
1/2
1/6

pH6.5
abs.
0.29
0.18
0.07
nd :

peak
498
614
650

. ratio,

ra.i
2/3
1/3
1/5

rat

pH6.0
abs.
0.24
0.15
0.06

53

peak
498
615
65

ra.i
2/3
1/3
1/4

. absorbance,

0.26
0.38
0.17

0.07

pH5.5

peak | abs.
498

564

614

651

Ol

* abs.
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7 pH 45 ©]

t}.(Table 14)
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Concentration, #{/50 ml(mg/ml)
100(1.3) | 200(1.3) | 300(1.3) | 400(1.3) | 500(1.3) | 600(1.3) | 700(1.3)

L 79.68 66.28 54.90 48.25 36.91 39.96 34.73
a 19.16 34.80 47.08 53.65 63.00 63.69 64.29
b 1755 | -32.83 -44.95 -51.36 | —60.62 | -58.38 | -61.98

o o =K< =] &) 2] 3+
= = = H S H S QO 4 QN Y
7\_]1}\0]'** B 5 0 H 5 A '1"1_‘?31&14 T_'T:g‘}\—]l4 Tl_‘:g‘}\—]l4 B & ) = IPN)|
RUSRroae | RUNRr ae | AU R | RUSRroae |

* L-lightness a-redness b-yellowness

w1 BRI} wolAFEE He Al Paje] F7t

3) Mo AE &84 A

TExF AAE T wEt Almo #H7}sle] spectrocolormetert M EXE
o] &3te] A3 A= v otk wE7F ZojHd wa Ha& Mol F7te)
AARE FEANLE o] FojA= AS & 5 YATh(Table 16)

X MAE B HUbeE S W "]T_ﬂ% ol Aok frAbeR o
T Aems 5 stk &, 100 H7e S

o Al% candy et FAFSEAIAL 5 % stlom, 50ut H7hetsls
Tt Ago]l FAEY T BEHoRE 100 7R S 5% AEe s
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Table 16. & F MAE o] 83 A= 2 spectrocolormeter =4 3t

2510,
0.33mg/ml 50ut 0.65 7500 0.98 1000 1.30

L a b L a b L a b L a b

S [7354|568 | -1.15]70.44] 9.47 | -3.92 | 67.12 | 10.34 | -5.56 | 62.42 | 1154 | -5.14

20%

50.14| 9.97 | -4.39 |46.4814.10| -6.55 | 42.77 | 14.34 | -7.52 | 40.01 | 16.29 | -8.09
alcohol

1% gellan [58.04| 16.2 | -5.86 [44.13|19.27| -5.94 | 39.44 | 21.74 | -14.33 | 40.18 | 29.57 | -10.59

candy |36.77| 7.02 | -0.30 |50.41 [14.20 | -5.67 | 43.47 | 14.67 | -5.39 | 41.96 | 15.36 | -5.68

pH 45 |5091( 3.60 | -1.72 [46.10 | 5.49 | -4.78 | 42.70 | 6.42 | -6.13 | 36.86 | 10.00 |-10.17

pH 5.0 |4878( 7.18 | -3.93 [40.3812.59| -8.38 | 36.65 | 14.11 | -9.79 | 38.09 | 16.57 |-12.59

PH 55 [50.07| 867 | -5.18 |4250(11.99| -8.43 | 42.34 | 14.51 | -1066 | 36.55 | 15.04 |-11.73

pH 6.0 4697 7.84 | -4.52 [42.16 [14.09| -9.74 | 39.66 | 16.46 | -11.94 | 37.68 | 15.76 |-10.83

pH 6.5 [46.80(9.26 | -5.42 [42.35(12.46| -8.18 | 41.32 | 16.35 | -11.10 | 37.06 | 17.94 | -12.60

* L- lightness a-redness b-yellowness

Table 17. &%7F MAZ o] &

&
>

=
2o A5

Al
2514 5040 7ol 1004

AP REs | S| MR | §oF | M= | §oF | MEx | §<t

A ik .
- MIO | no | M20 | . | M30 | &% | MO | ®%
A% LD
20% alcohol| M20 |, . | M30 | ®& | M50 | ®&| MO | , o
A% ] R
1% gellan | M20 |, . | M30 |®&| M50 | #%| M70 | ..
ag Bk
candy ~ |M20 C10| , . (M30 C20| #& |M40 C30| #& |M70 C30| ,, o
A% LD
pH 45 |M20 C10| ,, . |M30 C20| #%& |M40 C30| #& |M70 C30| ,, -
. 2 2 R
pH 5.0 M30 | #F | M5O | . | M60 |, . |M70C20| , .
2 Bk
PH 55 M30 | #& | M40 | ®E| M60 |, [ MO |
pH 6.0 M30 | ®F | MBSO | o | M6 | .| MO | .
A% R QA% R
pH 6.5 M20 |, [YIOMSO| o | M60 | o | MO | o

®1 A]EL7}9} o] F @ A1 9] COLOR-CHIPS =3

sx FETL HObAFE Beo] ol
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LA @Sk tH(Table 18).

Table 18. Test of proteolysis, amylolysis, hemolysis activity of laver phycoerythrin

by the cylinder cup method on the skim milk agar, starch agar or blood agar

S.

aureus
KFRI171

FE.coli

0157
H:7
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4o
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—
jm} m_b
= —
2| v =
ke
8
23
3 )
o ) —
3
£
o0
a® mm
o
u) —
—
3}
S
®
—
CENE =
= = = et
SE |EelBxlfx
+ OaO [«)
o g E—3S - TN
eh R} ) o
O -~ [®)
nS n —_—
S a8
O ©°

* SKD: Enterococcus faecalis

sHAl 7ol

Rl A=

o
T

3}

=
=

X+ sonicator

b ek

S

A7ket,
7

=
=

- 3hAl
A

=4

Ao vEhgt. 2y

KN
T

47k 34

o -
= 5

o
T

Aol A=

=

SERE

e}
A&

3

thar A7 cH(Table 19, 20, 21).
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Table 19. &3] WHS &gt AIZF Ao wp& &3 =2 HA% A3t
Sample 13 23] 33] 43] 53]
control 1 2 2 3 3

Ao 3 40.01% 3 4 5 55 55
= fEkA 0.05% 4 5 6 6.5 6.5
34 0.1% 5 6 7 75 75
control 1 4 5 55 55
o =g +3}410.01% 5 5 6 6.5 6.5
=5 0 O = 0
34 0.05% 5 5 5 55 55
kA 0.1% 2 2 7 75 75
control 5 6 7 75 75
27 3F410.01% 5 6 6 6.5 6.5
34 0.05% 5 6 6 6.5 6.5
A 0.1% 5 6 6 75 75
Table 20. &3 WS Gelst Ao HAH L, a, b gt ¥}
sample L AL a Aa b Ab
Kl < &l < Kl <
=HT 9559 9591 0.32| -04| -0.28 0.12| 062 0.52] -0.1
21 |control 80.07| 83.25| 3.18| 19.77| 25.13] 5.36| -8.83 10.86] 19.69
#3}410.01% | 76.15| 85.23| 9.08| 27.79| 32.41| 4.62| -12.3| -146| -2.3
+3FA40.05% | 68.95| 77.7| 8.75| 38.92| 36.46| -2.46| -16.6| -16.2] 0.39
T3410.1% | 70.62| 71.96| 1.34| 46.71| 45.04] -1.67| -20.2| -19.2] 1.01
& %% |control 83.55 85.08| 1.53| 19.18| 16.18 =-3| -8.74| -7.38] 1.36
+3F40.01% | 79.53| 87.92| 8.39| 21.91| 15.36| -6.55| -9.12| -6.28] 2.84
T3 410.05% | 83.29] 84.47| 1.18| 16.95| 1866 1.71| -7.01| -8.64| -1.63
3} 40.1% 76.2 83.3| 7.1 28.1| 26.76| -1.34| -11.7] -104| 1.29
=7 control 69.29| 7391| 4.62| 43.28| 40.53| -2.75| -185| -17.6 0.9
T3 A410.01% | 72.97| 78.21| 5.24| 33.27| 31.89| -1.38| -145| -13.8] 0.78
#3}A410.05% | 76.82| 62.67|-14.2| 21.83| 14.61| -7.22| -95| -7.18| 2.32
F+3FA40.1% | 72.19| 72.72| 053] 33.58| 28.06| -5.52| -14.6| -12.3| 2.27




2 phycoerythrin®] Lab =4 3]

Aa

b

il

Ab

0.25%

46.66

2.21

86.53

3.59

-18.2

-20.1

-1.86

0.5%

81.1

18.63

29.17

-20.7

-19

-13.3

5.65

0.75%

78.59

16.72

34.36

-19.1

-21.8

-15.2

6.53

(H2)
3

=] 7].

0.25%

73.25

7.19

42.37

-6.35

-20.2

-18.4

1.76

0.5%

78.23

22.73

32.02

-5.86

-15.1

-14.1

1.02

0.75%

74.74

23.24

40.34

-11.1

-19.4

-17.2

2.2

2]

e o

0.25%

84.98

24.83

18.09

-2.719

-10.1

-7.42

2.69

0.5%

85.38

25.26

17.35

-9.54

-126

-6.75

5.86

0.75%

71.71

22.02

43.97

-84

-224

-18

4.45

(=)
- 3hAl

17

0.25%

82.42

23.62

23.64

-7.06

-129

-9.08

3.85

0.5%

55.56

16.36

76

5.5

-19.5

-26.1

-6.55

0.75%

88.11

29.49

13.13

-24.3

-15.2

-3.92

11.3

2) AlEA 4] PH x4}

phycoerythrin pH55~6.0°] ¢F7gste] AsxAkA o] pHel F&FS Te + 3
the A dAdE AEAAe] pHE S4B E R,
497k pH7F wEokal, frAlE 2 FReS

ek, MaE d7bstel &83817] &old
H, ke =ol A

’

Table 22. 47g2F (L H)e] pH

sample pH sample pH
I 5.59 o}z 3 4k 5.48
A gdaF 4.22 T 7
2 Aol th 2.93 T 6.57
5 % ZF Aol Tk 2.86 o] 594 7 4.04
Az 7.7 3gdad 3.87
2% 3.15 ofo]~=¢ 6.49
2~ E 3.32 =A 5.01
7]~ 3.21 SICIRE | = 6.81
7 % 8f 3.43 5T 3.68




i
Bt T AR A= 01%(A), 05%B), 1%(C)= &

gek AgA R A= 1%(A), 25%(B), 5%(C)=E %
B, FEF M4 Al AR AR FRAES TULT,
9EF, W AR e, BERARE o et

(Table 23, 24, 25)

Table 23. M4 H7F w2 A2 E L a, b(FHA44245%)

sample L a b
A4 A B C |99 ] A B C |99 ] A B C
dURF 95.84 194.99 189.99 [84.31 |-0.32 [0.79 ]5.48 [12.00 {0.54 0.04 |-1.97 |-4.38
AT

T+ 96.06 [94.85 [89.80 |84.22 |-0.28 [0.79 [5.26 |11.55 |0.60 |0.00 [-1.77 |-4.05
k| =5 95.01 [94.61 [89.88 |84377|-0.34 [0.57 (391 |839 |0.66 |-0.03 [-1.92 |-4.38
X2 F AT} (9442 [94.15 [89.33 |84.42 |-0.61 |0.14 |3.70 [7.91 |2.11 (1.68 [-0.37 [-2.68

g 95.8 [94.68 [89.89 |85.48 |-0.30 [0.61 [4.99 |1.40 |0.53 |0.18 [-1.25 |-2.70
2% 95.78 [94.10 [88.97 |83.97 |-0.41 [0.50 [4.45 [9.00 |0.76 |0.21 |[-2.01 |-4.41

MY~ E 19514 9342 [88.88 [83.23 [-0.28 [0.77 450 |10.25 |0.13 |-0.41 |-2.45 |-5.05

b7 37.05 [36.32 |33.71 |30.72 |2.73 [3.82 [7.27 |11.11 |7.23 |6.99 [5.94 |4.81
7 7d 8t 94.58 [92.21 [87.90 |82.40 |-0.58 [0.51 [4.03 |8.81 |3.77 |3.32 [1.40 |-0.97
53 90.17 [87.76 (83.54 |78.27 |-2.91 (-1.82 [1.42 [5.84 |16.77 |16.43 [14.52 ]12.09

* A 0.1%, B: 05%, C: 1%



Table 24. M4 H7F w2 WA E L a, b(EFH Y44 E)

sample L a b

et A B C et A B C et A B C
oA 1673 |13.92 |11.11 (799 [5.88 [10.22 [1257 |11.57 |10.10 |8.46 |6.79 |4.80
- 091 (097 112 (116 ]0.01 |-0.23 |-0.06 |-0.12 |-0.20 [0.06 |-0.26 [0.19
5 6.56 [3.83 254 [1.55 243 480 |3.39 (115 |414 (235 |1.25 |0.19
olsutde] 1884 (731 (668 493 489 655 |7.63 |7.82 |545 453 |4.10 |2.85
Fgay 478|200 778 [118 (193 (233 [211 [0.42 |286 |1.04 |2.44 |-0.03
ofol~=A 9 527 404 |38 (162 [654 [359 [1.78 097 |321 |2.00 |1.33 |0.11
E9 95.72 191.26 |76.22 [71.38 |-0.49 [4.65 |21.03 |27.97 |1.20 |-0.35 |-7.54 |-9.38
vtadl= 1484 318 |25.05 (255 (435 [3.09 (297 265 290 (179 |5.78 |1.05

* A 0.1%, B: 05%, C: 1%

FEFAL A7 HFS ARLEE AAHL 694N L, a bgke] 29

sH7F kol Hg skt (Table 25)

Table 25. A2%59 AF2EE L a b
(A&=71)

L a b

4T 10C [ 20°C | 30C | 4C | 10T | 20CC | 30C 4C 10T | 20CC | 30C
aUaF (8532 [86.09 [84.31 {8652 [12.37 |1259 [13.48 (1352 [-4.97 |-458 |-4.13 [-3.99
A Aol 6} [85.69 |85.28 [84.61 |87.24 [8.76 [8.86 |8.95 [9.21 |-4.44 |-4.25 [-4.03 |-3.85
2% 8548 [86.25 [87.22 (84.54 |10.02 [10.34 (1094 (1164 [-465 |-455 [-4.21 |-3.95
U7 2= 30.63 [30.55 [32.52 |34.41 [11.65 |11.88 1254 [12.86 |-5.03 [-4.89 [-4.52 |-4.16
o aar (1392 (1426 (1455 [13.88 |10.22 [1056 [10.99 (1126 [8.46 (829 [8.13 |[7.21
- 383 (398 [4.21 |4.02 (480 |4.89 [5.21 |559 |2.35 211 [1.98 (1.95
7=y (200 (201 (215 (248 [233 [238 [259 (301 {104 [1o1 089 [0.77
=4 91.26 (9262 [91.56 |92.46 [4.65 |495 [5.21 [5.68 |-1.35 |-1.22 |-1.08 |[-0.95




(A7g2dA)

L a b
4C [ 10C | 20C | 30C | 4C | 10T | 20C | 30C | 4C | 10T | 20C | 30T
IJdAF (8518 [86.12 8456 |86.59 1257 |12.68 |13.47 |13.15 (-4.98 |[-4.15 |-4.15 [-3.96
Z g Alolth|85.16 [85.26 [84.24 |87.16 879 |816 898 [9.35 [-4.28 |-4.98 |-4.66 |-3.15
2% 8541 [86.16 |87.28 [84.16 |10.25 (10.16 |10.84 |[11.59 |-4.58 [|-4.46 |-4.79 |-3.16
i 30.86 130.16 (3259 |34.79 |11.26 ([11.38 |12.49 |12.86 [-5.16 |-4.76 |-4.79 [-4.28
ofxleiak (1329 (1426 |14.76 1359 |10.73 ]10.26 |10.49 |11.28 [8.76 |[859 (876 [7.19
Smi 4.09 1419 |459 (416 |476 (476 |559 [576 1219 [2776 |2.06 |2.79
3gay (216 (256 276 |294 |276 |219 (276 359 (154 [1.29 [1.01 [0.96
=49 91.53 (9279 191.95 [92.68 |468 [5.06 |559 [5.86 |-1.59 [-1.25 |-1.26 [0.01
(A g4 )
L a b
4C [ 10C | 20C | 30T | 4C | 10C | 20C | 30C | 4C | 10T | 20C | 30C
adUaF 18529 (8619 (8431 (869 (1216 |12.68 |13.25 |13.58 |-4.88 |-4.79 [-4.99 [-3.91
Z1 g Abe] t}h85.13 |85.32 [84.73 [87.58 [8.88 |89 897 1937 [-472 |-429 |-4.09 [-3.97
2% 8548 |86.25 ([87.22 |84.54 ]10.02 |10.34 (1094 (1164 |-4.65 |-455 |-4.63 |-3.68
b 30.19 3049 ([32.19 (3459 |11.69 |11.27 (1228 (1283 |-519 |-4.28 |-456 |-4.16
ofxlEiak (1329 [14.19 |1455 |13.46 |10.81 {1049 (1029 (1199 (846 |829 |819 |[7.28
5 353 1339 (426 |495 |427 |452 |558 [552 |228 (213 (1.82 152
FE=d (221|227 |213  |257 241 (251 (221 (371|121 |1.08 |0.86 ]0.79
E9 91.28 19268 [91.57 (9252 |4.65 |4.84 |528 |56 -1.38 [-1.18 |-1.51 |-0.92
(A6 )
L a b
4C | 10T | 20C | 30C | 4T | 10C | 20T | 30C | 4T | 10T | 20TC | 30C
JHAF (8539 [86.19 (84.85 [86.49 (1228 [1257 |1351 |13.75 |-451 |-4.85 [-4.28 |-3.28
A kot [85.46 |85.58 (84.46 (8728 |8.27 (879 (824 (954 [-4.71 |-4.13 |-4.43 |-3.72
2% 85.43 |86.22 |87.46 ([84.57 |10.07 ({10.38 |10.79 |11.51 |[-451 |-4.84 |-4.16 |[-3.87
R et 30.27 (30.25 |32.46 |34.42 |11.57 |11.94 (1228 1251 |-5.08 |-4.25 |[-4.84 |-4.21
ofbx sk (1319 (142 |1442 (138 [10.29 |10.42 (109 |11.2 |871 (851 (845 (747
- 392 (351 |411 ]4.08 |4.82 |4.8 527 546 |251 |219 |19 1.97
3gay (208 (207 (214 (247 (231 237 |257 |311 |1.07 [1.09 [0.79 |0.78
=4 91.21 (92.84 9154 (9244 |4.69 |491 [5.24 |567 |-1.31 |-1.27 [-1.1 |-0.97




b A AEeIAY BEA AE
(1) 4 A}

928 HbeA e ARE Controlz Aot 44 B4 vigwy

stabe] #2 F- phycoerythrin M3 7F skl mE MRSl Lab#ts

mmstgith FWe AeE AuE Azke]l & Ao WEE Lobnr] st
1023 22 Labgte] ¥stE ##3stth(Table 26, 27).

Table 26. A2+ &84 Lab

Sample L a b

cont A B C cont A B C cont A B C

FH10% [86.94 [85.36 |78.12 [60.45 [-5.1  ]0.287 |12.16 |26.52 (1562 [12.49 |6.206 [-0.48

ZF3H20% [90.02 [86.01 |77.47 [60.39 [-3.98 |-0.84 |4.538 |17.89 [14.73 |1329 |856 [-0.95

F 30 [88.70 |83.88 |77.68 [59.53 |-5.12 |-2.74 |2.77 |14.10 |1557 |1344 (873 |1.37

F 340 [88.46 |87.21 |75.36 [62.69 |-5.52 |-2.91 (352 [9.06 [15.86 [13.13 [9.44 |5.55

T8k 75,63 |67.86 (61.62 [55.37 |6.75  {18.95 |26.05 [25.69 [43.03 [33.93 [20.71 |15.08

T 82.42 |79.27 |72.65 [67.66 [3.64 |750 [10.62 |13.52 ([32.71 |23.12 |15.25 |8.45

x| 2= 92.34 190.22 |81.28 [78.45 [-0.07 |5.94 |23.41 |24.78 (30.52 |25.17 |18.13 [16.02

Pley 7749 |75.81 [69.02 [62.74 {10.66 |25.41 |39.17 |52.53 (1256 |6.26 |3.14 [1.29

vhghe 77.58 14.26 4.87
C348)

ey 51.53 36.83 20.48
(A2)

4C |10C |20 30T | 4T |10T |20C |30TC| 4T [10T 20T [30C
il 7107768 77.56(77.24|2.73 |2.75 |2.87 |3.12 |8.73 |8.65 |8.53 |5.20

7 79.2879.2879.28|79.28|7.52 |7.58 |7.54 |7.54 |23.15|23.13|23.16|23.17
A = 90.49(90.51]90.53|90.55|5.83 |5.83 |5.83 |5.79 |25.22|25.22|25.21|25.23
s 75.81[75.94|75.96|75.96|25.41|25.3 |25.25|25.27|6.62 |6.61 |6.62 6.63




(A7g2dA)

Sample L a b

4T 10T [20T [30T | 4T [10T |20 30T | 4T |10T|20TC |30TC
il T\ TIST|77.50|77.17(2.81 [2.72 12.84 13.24 |8.81 |857 (857 |5.21

7] 79.21179.20|79.20|79.30(7.59 [7.50 |7.59 |7.58 |23.19|23.10(23.10(23.11
2 = 90.52190.59(90.60(90.61|5.88 [5.84 |5.89 |5.66 |25.51|25.81(25.51|25.51
o4k 75.87(75.90|75.90(75.99|25.51 [25.34]25.29|25.31|6.69 |6.69 [6.54 [6.69

Sample L a b

4T 10T 20T 30T | 4T (10T |20 30T | 4T |10T|20T|30TC
=>4 7778|7151 |77.50(77.36|12.54 [2.71 2.81 |3.81 |851 |8.82 851 [5.24
F7 79.31|79.27|79.31(79.30|7.54 (754 |757 |7.57 |23.51|23.21|23.24|23.25
x| 2 90.48190.61(90.57(90.54|5.82 [5.89 |5.85 [5.70 |25.29|25.27(25.27|25.24
vk sk 75.89(75.78|75.90(75.91 |25.21 [25.3125.27|25.20|6.65 |6.66 [6.69 [6.67

Sample L a b

47C |10TC (20T |30TC | 47 |10T |20 |30TC | 4T |10TC|20TC|30C
il T7.74|77.67|7750(77.32]2.68 [2.81 |2.81 |3.17 |8.71 |8.61 (851 |5.25
7] 79.21(79.20|79.41|79.18|7.45 [7.51 |7.50 |7.54 |23.25|23.14|23.21(23.21
2| = 90.44190.44190.50190.54 5.87 [5.82 |5.84 |5.70 |25.24|25.23(25.28|25.27
a2k 75.66|75.92|75.89(75.82(25.47|25.31|25.27|25.31|6.64 |6.67 [6.69 |6.92

of ¥
o
TZF M9 microencapsulation Z® Ak M4l FZ=W spetrocolormeter
2k BlalE= A8 A %o microencapsulation W A3 Mio FrEE
}_/\}3}93\‘:}(Table 28).
, Aol FAujE = onx S5¢9 TXF AMA, 2 %o microencapsulation
3 F Lab#ts Hlﬂﬂ‘iit}. X7 M4 8ug/
A7Fe Lgkol 4825%2 uebuka, 9 2 oﬂﬁ“ A 2o zﬂg/m%ﬂfﬂ
e YErl o,

ﬂ{
o?L
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F 8ug/mb H7FE AmF IZ"EE A 2pg/ml HAFE AlRS FAstt e A
T AT F2F A9 aghe A 2pe/mb H7FSE AlE7F 19162 WERSE
3, microencapsulation Z® g3 MAiAE MA 1dueg/ml HA7FE A&7} 10.22
2 Uey 27 M agid A A4S wA st 2" MAE 14ug/
meeld H7tateop & Zlolgt HAHAY. emA F89 ai 5

whal, ZEE A 4ueg/ml F7FE M 6172 YER ZE I Ao aghol
A Vet Sx2F MAiet ZHe Mio] bt BT -ghs UERd wbd
n 2k 259 bk 11122 YeEh ouat SHEoE yellow’ e AS &
AN, TxF M9 FIHI Mo yellowh T red7t B =4 UEHES

T AATH(Table28).

1

Hir

B to

e

Table 28. &% M9} 2 %0| microencapsulation 8 A3 MAES rrdz

HA7FE L, a, bt vl

gt L a b

T I R N S B B R EN R B A R B
2ug/ml 79.68 42.31 19.16 4.31 -17.55 -1.06
4pg/ml 66.28 38.70 34.80 6.17 -32.83 -1.92
6128/l 54.90 3451 47.08 7.36 -44.95 -2.58
8ug/mt 48.25 34.31 53.65 8.46 -51.36 -3.11
10pg/mt | 3691 33.00 63.00 9.50 -60.62 359
12pg/mt | 39.96 30.83 63.69 9.79 -58.38 -3.77
ldpg/mt | 34.73 30.00 64.29 10.22 -61.98 -4.01

Qv A8 46.88 5.66 11.12

27 A4:9F microencapsulation % 2|7 M2:0] FX=W spetrocolormeter=-74
1= Al microencapsulation T8 A|$t Mio] FEERE HUlete] &31s)
Atk Fx2F Mo Alojthel IES AMAE wrE 7}et Lab#ts Al

AujE = evAt 5e] Labgtat Rlastith. emat &5 Late 4688= UEht

fu
b

i



T ZF AMA 8ug/mb HIISE AlE el Lk 48259 IS M 2ug/ml HIFSE A
3228 uEh 7P frakgk W1E vYERRAL, enak 359 aghs 5660 %
FEI M 6pg/ml H7Fe Alg 5783 7HE A M-S UElYTE &
A 2ug/ml A7V AE7F 191602 UERY oz SE¢F mgsl A
o

N 7}
Bup F2Ao] 7hd Aes & 4 dSAtH(Table 29).

Table 29. &x%F A9} Alolthell microencapsulation T8 &3k MAS Frd=Z

A7k L, a, bk ®laL

5=k L a b
TEE TEFAL|ZES AL FERAL LT Aa|T2FAL ZHT A4
2ug/ml 79.68 43.22 19.16 4.26 -1755 -1.56
4pg/ml 66.28 40.81 34.80 5.53 -32.83 -2.00
6ug/me 54.90 39.92 47.08 5.78 -44.95 -2.07
Bug/ml 48.25 37.92 53.65 7.23 -51.36 -2.57
1018/ mb 36.91 39.06 63.00 6.64 -60.62 -2.29
12p8/ml 39.96 29.84 63.69 10.34 -58.38 -3.75
1448/ ml 34.73 29.99 64.29 10.03 -61.98 -3.76
ema &5 46.88 5.66 11.12
A7)0 F”F AMAE FEEE UM ARe T[T M4 FEE AR
Alzol ds = 2v2 85 27 Labats vtk Lt S22/ A

I
o
AT
K

Sug/ml H7Fet A& 48259 FZH S M 4ug/ml 7S AR 40.88%
euA 55 46832 YERWTE ZHEHE M 4ug/ml H7ESE AJE9] L

g =
A vebta agkdt bate 24z 471, 1312 YEhd FREE HUEE g2 A
so vs WA debth g7zl mEeh A 12ug/me H7EEE AlS9] aghe]
964% xR UM ttE Al & 7B Eokth Al dviEe o
A =5 amtd FAME Fe wFed 2 AaE 2ue/ml H7betE Aol
=5 Aolgt AAHAY Tx2F Mie Hoedol e whd wmghe oFdk A

= ¢ F AAH(Table 30).



Table 30. &7 AMA9} ©7]~0] microencapsulation 8 2|3k MAS FEER

HA7Fsk L, a, bgk vl

N % 7t L a b

Tl FEFAL(FER AL |F2FAL| Y A4 [ F2FAL | 2HEE An
2ug/ml 79.68 39.69 19.16 5.40 -17.55 -2.1
4ug/me 66.28 40.88 34.80 41 -32.83 -1.31
6ug/ml 54.90 36.72 47.08 7.72 -44.95 -3.42
Bueg/ml 48.25 36.19 53.65 8.2 -51.36 -3.45
10pg/mt 36.91 35.55 63.00 8.56 -60.62 -3.36
128/ ml 39.96 33.49 63.69 9.64 -58.38 -4.14
144g/me 34.73 33.08 64.29 96 -61.98 -4.15

AP S= 46.83 5.66 11.12

oMM THF MAE vEER WG ARG FEF ALE BE
2 HFE A8, AlFlA #ujEE onap 79 Labite wlwatglth Lk
TxF A2 Sug/ml FUME A® 4825%, THIT MA 2ug/ml UM A=
42272 JERE QWA FEE 46.88% UEY FxF AMart 7H uA e
gor oz onx 89 IR Ah Foldth agte FEF Mi 2uy/
me A7AE AE7F 190602 YEREa, A4 ldug/mt B7bS AR} 64292 7}
F o=kt veom "I Aa 12u/m F7FE A R7F 9922 dERew,
ek A 14pg/me H7EeE Al=57F 98302 YERGTEH enRt S5 agk 5.66

Z e 25 Ao g Ayl Boed Ay S o4 5 9
on, bre oW S&rF 11128 744 =7 e Zx2F Aol 3E
2Rt} yellow?b Z8HA WebeS & 4 lAtH(Table 31).
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Table 31. &% AM2¢} o}x Ao microencapsulation &8 #g]3h MAS Frdz

A7k L, a, bk ML

PUR=R4Y L a b

TE TEFALFAEE A F2FRAL|ZES A2 | EF2FAL | ZEE A
2ug/ml 79.68 42.27 19.16 439 -17.55 0.56
4ug/ml 66.28 41.24 34.80 5.27 -32.83 -0.29
6ug/ml 54.90 37.43 47.08 8.32 -44.95 -2.38
Sug/ml 48.25 36.16 53.65 8.45 -51.36 -3.09
108/ mb 3691 35.65 63.00 8.92 ~60.62 -353
12ug/ml 39.96 34.28 63.69 9.92 -58.33 -3.79
14pg/me 34.73 34.11 64.29 9.83 -61.93 -3.94

SuAE R 46.83 5.66 11.12

Ao Z®E MAE s HME AES TxF MAE sREE
A7bek A=, AlFolA s s enAt 55 Labghs Blagtdvh wixdd
e A 2ug/ml H7HEE Alme] Lk 48012 YvERY evzr §= Lk
46.88 Bt EA dERgTh $2F MAaE A Bug/ml UM AlRTh 4825
el 7 =2 e JETh agte wix el Z'Ed A 2ug/mb H e
Alg7b 182 vEhy b w2 ghs vERow, ' A 12ue/m H e
AlZ7F 5328 YERY uAt 229 agkel 5667F FASII oM, SE2F Mie
A 2pg/me AR AlE7F 191622 vERY ZHE 22 @S UERATH bRt
owA S57F 11128 7 A vewtar, 283 MA 2ug/ml F7HgE A 87T
56602 ey owxt Fanch vA vEeRyTh w2 de] dEje] AQl ofo]n
2 AS zha 9l7) wiitolgr AZtH A, WA Lol MATE ELFE bk o

A e S & = At (Table 32).
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Table 32. %% M4l wWlA Lo microencapsulation &8 *]2]3F MAE FrHE

A7k L, a, bk ML

R=R4 L a b
FEEN[F2FA2(2YE A2 | F2FAL (2YE AL F2FAL (2YE An
2ug/ml 79.68 48.01 19.16 1.8 -1755 5.66
4ug/ml 66.28 47.37 34.80 2.54 -32.83 479
6ug/ml 54.90 46.29 47.08 3.39 -44.95 3.75
Sug/ml 4825 45.85 53.65 3.84 -51.36 3.07
108/ mb 36.91 45.03 63.00 463 -60.62 2.31
12ug/ml 39.96 44.11 63.69 5.32 -58.33 1.69
14pg/me 3473 41.11 64.29 7.66 -61.93 -05
SuAER 46.88 5.66 11.12

1}, Microencapsulation W ol uw}& el 3}
1) ¥ S3oA 9 Hunter value ZAF
Aol Aol gl FHE 58 HAAtolt), 2%, xE7ME] AAE, Aare

Zvzy A QA IR A Y MAS OWH A8 (Polysaccharide AAE €
of Z®-& HPMCP 5% A=), @¥ Az F(Polysaccharide #|7¥ 50
& HPMCP 25% #2]), @¥ A 2|7 (Polysaccharide 217 glo] &€ <
of F®E& HPMCP 5% H=)E 00lmg/ml AT H7bste] E3st
petridishel @3 MAAE L, a, bzt =43 HTable 33).

dH A7l A Bl Abelth @W A7t 72,0308 7HE =9kal
= Ateltk @ A g 7-7F 33122 7 =92, microencapsulation 3}
W A HIEFA e 2tE A9 E OW A3t 689302 MY E gt
A= Aboltk OW A7) 13242 M Ekew S7lE 71322 e
7H =k A® el oste] BY7F FUkE e R AN E, 2% Abgar s
oL AtolthE Al on, A M= AEguirt @skont o] FhAst

Al 2% @W ATk 2827 HaH o] 7 ol 1HAdttH(Table 33).

=

7}
=
=
g

dorof R

a2
R
ol Hi

=



Table 33. Microencapsulation® ZZFM4E H7let FH S5 7oA

Hunter value

Transparent )] g
number
sample L a b L a b
@ 72.03 | +6.11 -2.11 405 | +13.24 | -4.87

Apelt}

@ | 6096 | +29.49 | -10.64 | 60.87 | +9.22 | -3.34
@ | 5721 | +33.12 | -16.01 | 6248 | +961 | -524
@D | 4326 | #1047 | -334 | 6893 | +658 | -5.12
TR~ E| @ | 6161 | +2565 | -925 | 6477 | +6.3 -2.2
@ | 5715 | +32.03 | -1345 | 6247 | +877 | -466
@ | 4423 | 975 | -318 | 6372 | +115 | -4.49
2% @ | 5968 | +3094 | -10.76 | 7079 | +2.78 | -0.97
® 571 | +5.08 | 296 | 6804 | +5.08 | -2.96
@ | 4670 | +4.02 | +16 448 | +340 | +242
Ab b 2 @ |3674 | +21.21 | -4.09 | 458 | +1.86 +3.07
@ | 3588 | +225 | -4.77 | 4237 | +456 | +1.30
2) EE S 8ol X9 Hunter value A}

AY Aol A = W7~ O AT 61.39% 7HE Eokal A
= E97]12 @9 AHgFUF 25812 7 =3k, microencapsulation 24~
TolA Bl E - OWH A 7F 515652 7FE =da AAEE UI)A
A7 9942 7HE E=kon F7hE 7 3.0982 e 7R E=kTh
o oate] 7|7 SR e A, ob A @W @Welar, A
ZhA el gte] OWe] R Frksta 7 Aol @Wel A
(Table 34).
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Table 34. Microencapsulation® TZFMAE 71 EFHI SEFAAY

Hunter value

Turbid 2ol ¥
number
sample L a b L a b
o) 5155 | +1.49 +0.67 495 +4.58 +0.13
1 @ | 4554 | +1826 | -0.02 | 50.89 | +261 +0.18
® | 3272 | +22.16 +2.1 4966 | +4.21 -0.22
D | 4072 | +543 +1.62 | 4027 | +7.70 -0.1
o}z sl 4k @) 36.67 | +21.05 | +2.14 39.9 +6.81 -1.12
@ | 3898 | +24.04 | +4.78 | 40.88 | +4.13 -0.85
DO | 6139 | +9.36 +0.32 | 37.73 +9.94 -3.07
a0 7] 2
@ | 5721 | +2581 | -267 | 41.05 | +4.92 -1.24
® | 56.73 | +25.53 -54 436 +2.54 -0.17

2579l microencapsulation Z8 *g]st Ao FEEE Hrlsle] 2363
27 MA¢ microencapsulation ¥ A g]d M9 L a bite a, bate
15 el 27 MAaet s"e a4 Lk 293 A4 8ug/
me F74gE Gl A= Z AolE: UEhA ke, FE2F A4 2, 4, 6ug/ml H
7bek AEE 747 7968, 66.28, 54900 UERG v m®E AgE 747
4496, 4535, 43.06°. = UEIIA Zx2F A7 © 9A YEhve AE E F
gt TXF M 2ug/mbS FH7EEE 9k agkol microencapsulation ¥ A
& AMAaE Mpg/ml HA7HE G o A deEdidY. S2F A4 2pe/ml
A7bet Al59] agte] 19.160% YERd WA IR g AMAE 14ug/ml H7EgE Al
9] agte] 1048= yEty Sx7F A9 agto]l =2 Zoz2 & F A Al

Al
<ol dvfEE v sRet FEF Aa, A9 ALY HaR vusidy

3) 5ol A9 Hunter value FA}
=

d
=
e
(
el
o

N



ouza g=o Lt 46882 WEY FE2F MA 8uy/mb MRS AlmHETE oF
1.37 S A ygkar, R A 4ug/mlH 7 AlE7)F 45352 QWA S E R
B9l #S Yyelg oA $19 agte 56602 UEY T2F A 2
/ml A4 AR 1916E 0= WA yEbska, " E A 6pg/ml FUFE AR

7F 6.37=2 vz SR HEY =4 YEEY euxl S5 A £ S o
A stEW ZEHS A 6ug/miol’d H7bstolof & Aolth FxF{F Mt vl
3}91S W microencapsulation Z® A3k AMAE HFS AMuHUE gge f

it
i

oJ Al agkel Apol7b vEbd Aoz AZEATh vzt F= o bt 1112
Wi, F2F A4 3Ed Aiat g dER o] bgkel WA et

A ZH A 2pg/ml F7FE A B9 bgko]l -1755%2 YERGEL
Y A ldug/ml A7 A 87 37302 Yy 3xF A= yellow
7 A9 dEtA e ez AZhE A tH(Table 35).
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A% g} L a b
T TRFAL|ZEF A2 F2FAL 2RI A | F2FAL| 2P i
2ug/ml 79.68 44.94 19.16 5.29 -1755 -2.20
4pg/ml 66.28 45.35 34.80 4.81 -32.83 -1.97
6ug/me 54.90 43.06 47.08 6.37 -44.95 -2.49
Bug/ml 48.25 41.25 53.65 7.44 -51.36 -2.81
1018/ mb 36.91 38.25 63.00 9.39 -60.62 -3.44
12p8/ml 39.96 37.16 63.69 9.40 -58.38 -3.43
1448/ ml 34.73 35.25 64.29 10.48 -61.98 -3.73
WAEE 46.88 5.66 11.12

S Z5F MA9F microencapsulation 8 A 23 M9 FEHE spetrocolormeter

=Rz vlas A5 =gko] Mo microencapsulation ZE A @ d MAio Hxrd
2 H7bste =33k S
Alm =gtolzl St Al

of IYE MaET BEEZ WAG AES FE2F AL FE
o gRs Labgte Wlastddth emz
882 et F2F Ak gu/mt A7 Ak A,

Cgol W] FEI AMAZS 2ug/ml F7E A 87} 4517 M FAREE W)=

Uebleh eviat S8 agte 56622 dey FxR{ Mint 2" A4
2ug/ml A7Fe AlE 558% FAFS #He dERETH X%

A8 19162 UYEY onx &g} 783k Aarc
2 &8 bk 11122 YEhY 3%

-2 yehd ol Bl yellow?h ¥4 JEvE AS

of ®]3| microencapsulation =¥ 2] MAio] agko]
ot TxH Are Eodo]l 7e whH FE Mirl Boin mal
w7] dZolet AU v SR H24% w@ddo] YEids & F

AR THTable 36).
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Table 36. &Z7F A9}

[
I
o,
>
=2,
2

=

%

g

3

=h
=
S

K
o
kD
2
1=
B
et
off
k1
1%
frt

A5 gk L a b

] FEFAL| ZEI AL | FEFNL|IZES AL | F2FAL | ZHS Y&
2ug/ml 79.68 42.31 19.16 431 -17.55 -1.06
4pg/ml 66.28 38.70 34.80 6.17 -32.83 -1.92
6ug/ml 54.90 3451 47.08 7.36 -44.95 -2.58
8g/ml 48.25 34.31 53.65 8.46 -51.36 -3.11
108/ me 36.91 33.00 63.00 9.50 -60.62 -3.59
12pg/ml 39.96 30.83 63.69 9.79 -58.38 -3.77
14p8/ml 34.73 30.00 64.29 10.22 -61.98 -4.01

eHAERE 46.88 5.66 11.12

4) 71eF2 Fo A2 Hunter value ZAF

ki
il

2’1_',
N
)
rot
>

Qo] :Yd Mrs srlE Hrlsle 3xF MAE &

a9l A Zo| FujE= ouxt &89 B LEe Eoo ZEE Mk 2
pg/mb H7FRE A BIF 4472 FaF M Sug/ml ATFE AR 48255 wEhUof
QWA &8 LI 46837 SAsl A, IHE MAE 6ug/ml HUE AlEE &
27 A2 10ug/mt A7HE Alme A}éwﬂ HES T agtes v SR
56602 UEWI, FEF MiE 2ug/ml WI7HR AR7F 190602 Uehgton
R A 2ug/ml B AE7F 4092 e Mg v e UEiXA
oh ZHES A4 4ug/ml FH7ESE AlRE 71302 onA SEREU =4 YE

sl W bgtelAd -gre UEES o & AL, enA S8 bghe 1112
Y

>sa
o

(Table 37).
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Table 37. %7 M9l 94 microencapsulation ¥® g3 MAE TR

N % 7t L a b
T FERFAL (Y Ax|F2FAL (2R An| F2FAL | 2RDE Aa
2ug/ml 79.68 44.72 19.16 4.09 -17.55 -2.17
4ug/me 66.28 40.02 34.80 7.13 -32.83 -3.25
6eg/ml 54.90 37.00 47.08 8.1 -44.95 -3.41
Bug/mt 48.25 33.61 53.65 9.03 -51.36 -3.36
10pg/mt 36.91 34.9 63.00 8.93 -60.62 -351
12pg/ml 39.96 32.80 63.69 8.96 -58.38 -3.05
14pg/mb 34.73 32.54 64.29 9.26 -61.98 -3.15
HAEE 46.88 5.66 11.12
nk g v = I 7k Alm S T X 5

g3 AsE srwe
[e]
P

o
Aol Mz 2, 4, 6, Sug/ml
48.25% UESLaL, vhadlz=el "R AAE HIM AlRe

g 2
b Ao H2BeE G B e Ahe S5 Acndi we g
§ 2

olAAIRE HHI MA 6ug/mio)d HUFE AT §FF AMA 8ug/ml MU
Aarth A ety 299 AA 10pe/ml A7FsE AlR7F 467152 YERY F
Agk FS HUME TxF AAUF 36917 #YET At =4 yeytth agko
BOEEF A 2ug/ml F7FEE A R7F 191602 YEY U3 kS Hhs =
Bk Aarh 2862 A vEtwtem, A" ek A4 14pg/me H7HE A E7F 1242
B ZEF NAEte 9GS et AlFdA #eEE 2vA $59 a
e 5660 % UERY AR M4 4ue/ml H7EE Als 598% owA Fm et
FAFE 3H& UERRITH(Table 38).



Table 38, %% AMA¢} vl ud|=o| microencapsulation &8 #g]3t MAS HrEz
A7Vek L, a, bk vl
A5 2k L a b

RS B E R S R B B A B R e I A R B
2u8/ml 79.68 56.23 19.16 2.85 -17.55 5.25
Apg/me 66.28 51.88 34.80 5.98 -32.83 2.02
68/ ml 54.90 49.66 47.08 8.40 -44.95 -0.22
Bug/ml 48.25 46.85 53.65 9.24 -51.36 -0.92
10pg/ml 36.91 46.71 63.00 9.90 -60.62 -1.78
12ug/m 39.96 42.26 63.69 12.09 -58.38 -3.44
14ug/m 34.73 40.39 64.29 12.42 -61.98 -3.58

evzEE 46.88 5.66 11.12

Ao A7 F A W= vtad= OH HEFrF 57.89% 74 =ka
mtedl= @ A2 T7F 208022 7 =% o™, microencapsulation
oA = vhadl= @W Aelgvh 61198 7HE s=ska A4
A Trh 4028 74¢ =gk m"dl el wtr)vh Fb
WA TS A9t BT Frega, AAEE
i B adtglon whedi= @] 17927

1 TH(Table 39).
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Table 39. Microencapsulation® EZFFMAZ H7Fst A28 Fo) 4 color Hunter value

Turbid e 519
sample number L a b L a b
o) 5275 | +1.74 +1.75 | 51.82 +3.90 +1.25
B4 @ 4873 | +1492 | +0.46 | 51.69 +3.58 +0.84
©) 50.46 | +17.6 +2.21 51.45 +4.02 +0.87
o) 57.89 | +4.46 +5.05 | 59.97 +5.12 +5.18
e e E] S @ 56.49 | +16.34 | +2.81 61.19 +1.86 +6.92
©) 56.72 | +20.80 | +3.71 59.70 +2.88 +6.75




4. Microencapsulation®] ¢]3F Mo oAl A}
7h &=l wE A

AlRE 4,10, 20, 30CH=E 0, 2, 4, 64 AR MAAE o] & L, a, bt
At tHTable ). 9 A FolA Lito]l 09 51.84% 7HF =W 2% A&
6ol 4, 10, 20, 30TClAl Z+Z} 51.92, 496, 49.20, 48.64%2 eI &%=
7F =54E Wi Zo] = A YEFYE A microencapsulation® 7 -l = Lzko] 0¥
=3d 2 AU E Al OH2 ZH7F 51.33, 51.46 49.78, 49.99
7b EeaE HstEe] AA vEwoy deiA gt By WSty A9l
. A , D7l A agko]l 64l 4, 10, 20, 30ColA ZH7F 2.36,
175, 143, 1302 Yehy 2571 &5 ®gFo] AA  YEW
“’rmcroencapsulatloni] ASow Z+Z 32, 1.82, 2.29, 2.330 2 e} W3hr}
, Mgl Azgro] A& wWshRo] EHhar

=
microencapsulation 2%31?7} 4 A B} A AT (Table 40).
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Table 40. Microencapsulation® ZZFMAE
7 A1 A Hunter value W3}

0<)

A7k AFel A wpeme] me

4T

10C

ot

o,

A
a

K

2%

51.84

-0.48

50.67

+1.67

-0.61

51.74

-0.68

52.95

+1.53

-1.08

50.62

-1.67

52.31

+0.52

-0.25

50.31

-1.78

52.35

+0.49

+0.5

49.91

-2.07

52.55

+0.66

-0.35

50.42

-2.31

51.74

+0.69

-0.65

277

>4 E

51.57

-0.45

52.80

+0.82

-0.35

51.31

-1.43

51.98

+0.91

-0.55

48.58

-2.44

50.4

+1.38

-1.52

51.06

-1.46

52.39

+1.05

-0.42

49.82

-2.03

52.09

+1.04

-1.10

49.43

-3.12

50.52

+1.32

-0.93

Apolth

51.67

-0.39

50.41

+2.06

-1.62

52.15

-0.74

49.71

+1.98

-1.04

50.92

-1.50

49.93

+1.55

-0.37

50.74

-1.92

49.39

+1.70

-0.7

50.41

-2.19

51.30

+1.45

-1.93

49.98

-241

50.37

+1.42

-1.01

I~

45.99

+1.50

45.78

+2.59

+0.58

46.19

+1.67

45.72

+2.49

+1.11

46.27

+1.68

46.51

+1.3

+1.92

45.96

+1.4

46.32

+1.38

+1.44

46.10

+1.1

46.97

+0.75

+1.76

45.46

+0.95

47.18

+0.78

+1.34

o}3

s

45.46

+2.96

45.78

+1.18

+2.58

43.87

+1.02

45.94

+0.96

+2.6

43.22

+1.85

46.15

+0.98

+2.48

43.39

+1.66

47.74

+1.19

+1.79

SlClSIEICISHEICISIEICISIEE)(S)

43.81

+2.90

44.99

+1.5

+1.39

43.56

+2.72

52.46

+0.81

+2.17

20

307

H
ot

a5}

2%

51.60

-0.35

51.37

-0.54

56.15

-0.68

55.83

+0.92

-0.7

50.57

-1.55

52.52

-0.46

55.61

-14

55.38

+0.42

-1.97

50.52

-2.06

50.83

+0.86

-1.73

54.62

-2.15

54.60

+0.51

-1.42

X7

24 E

51.08

-1.10

51.94

+0.7

-0.57

55.45

-0.66

56.65

+0.35

-0.61

50.96

-0.61

50.81

+0.94

-0.49

54.13

-3.41

55.11

+0.73

-1.34

49.99

-2.03

50.62

+1.10

-0.75

54.69

-2.16

54.23

+1.17

-1.59

Apolth

52.21

-0.64

50.66

+1.70

-0.92

50.52

-1.49

48.32

+1.81

-2.23

51.02

-1.53

50.24

+1.29

-0.59

48.34

-2.9

48.65

+1.23

-0.53

50.29

-2.36

50.33

+1.27

-0.98

49.07

-1.92

48.83

+0.95

-0.76

e

46.24

+1.75

46.28

+1.89

+1.35

44.60

+1.64

43.97

+1.88

+0.93

46.23

+1.6

46.52

+1.23

+1.51

44.48

+0.93

44.79

+1.18

+0.83

45.78

+0.44

46.82

+0.93

+1.19

44.50

+1.04

46.03

+0.71

+1.59

44.81

+2.69

44.08

+1.54

+1.65

42.54

+1.01

44.45

+1.08

+2.09

42.94

+1.75

45.13

+1.19

+2.01

41.67

+1.23

43.77

+0.97

+1.49
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42.40

+1.01

44.57

+1.32
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42.28

+2.16

44.44

+0.8

+2.09
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49.85

-0.82

49.23

+1.56

-0.85

49.12

-0.67

49.05

+1.36

-0.81

49.17

-1.77

50.31

+0.47

-0.48

47.87

-2.85

49.77

+0.43

-0.43

48.88

-2.21

50.08

+0.52

-0.54

4814

-2.06

48.69

+0.72
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50.26

-0.61

50.36

+0.79

-0.6

48.94

-0.59

49.20

+0.75

-0.52

49.40

-1.53

49.69

+0.88

-0.48

48.19

-1.64

49.15

+0.85

-0.50

47.48

-3.04

48.89

+1.14

-0.84

48.38

-1.89

48.88

+0.91

-0.65

Aboltt

50.72

-0.66

49.92

+1.51

-0.9

49.89

-0.83

46.82

+2.26

-291

49.69

-1.62

48.75

+1.36

-0.6

47.81

-3.03

48.34

+1.19

-1.20

48.59

-2.49

48.49

+1.32

-0.94

48.68

-2.11

48.13

+1.15

-0.80
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+1.52

44.83

+1.93

+1.14

44.25

+1.36

44.03

+2.21

+0.2

44.51

+1.37

45.28

+1.29

+1.28

43.54

+0.93

44.32

+1.39

+1.06

44.75

+1.02

45.9

+0.72

+1.38

43.77

+0.51

45.18

+0.85

+0.95
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44.3

+2.34

44.64

+1.35

+1.93

43.50

+1.77

43.16

+1.02

+0.38

42.34

+1.31

44.56

+1.07

+1.81

42.29

+1.3

43.16

+1.38

+0.94
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41.85
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44.98

+0.89

+1.95

42.45
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+1.17

+1.69
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49.56

+1.17

-0.34

49.08

+1.3

-0.40

48.02

+1.11

-1.40

47.36

+1.58

-1.54

48.86

+2.66

-1.68

50.86

+0.38

-0.62

48.31

+2.43

-1.73

48.63

+0.60

-1.63

48.74

+3.11

-1.79

46.68

+1.18

-2.12

48.70

+2.29

-1.53

4714

+0.84

-1.23
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49.19

+1.35

-0.22

50.31

+0.68

-0.53

52.68

+0.84

-0.51

49.39

+0.65

-0.70

49.62

+1.81

-0.96

49.50

+0.92

-0.51

49.14

+1.45

-0.92

46.9

+1.26

-2.42

47.01

+3.03

-3.48

47.68

+1.13

-1.77

47.52

+2.35

-1.53

47.85

+0.96

-0.59
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50.9

+0.35

-0.45

49.27

+2.14

-0.62

52.68

+0.11

-0.25

48.04

+1.81

-2.76

49.65

+2.33

-1.05

48.06

+1.81

-0.57

49.72

+1.67

-1.12

47.76

+1.34

-0.58

49.24

+3.3

-1.76

49.56

+1.07

-0.81

49.57

+2.19

-1.54

47.09

+1.6

-2.14
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44.68

+1.85

+1.56

45.06

+1.83

+1.26

46.21

+1.44

+1.37

44.35

+1.88

+1.25

43.84

+3.45

+0.21

45.26

+1.3

+1.27

4517

+2.55

+1.81

44.94

+1.40

+1.12

43.26

+3.36

+0.41

45.96

+0.77

+1.59

43.78

+3.14

0.00

45.37

+0.69

+1.58
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43.68

+1.09

+2.15

44.87

+0.29

+2.66

43.13

+1.24

+1.38

42.93

+0.96

+0.71

42.45

+9.92

+1.47

42.84

+1.61

+0.05

40.38

+9.21

+2.63

43.68

+1.58

+2.91

42.02

+11.92

+1.78

43.79

+1.79

+1.58

40.13

+10.49

-0.96

44.15

+0.82

+3.87




(4%)

4T

10C

K
ol

K
ot

49.67

-1.43

49.55

+2.00

-0.54

49.14

-0.13

4748

+2.07

-1.15

50.02

-0.97

50.28

+0.56

+0.02

49.00

-2.46

51.06

+0.44

-0.38

49.38

-1.62

50.17

+0.73

-0.52

48.97

-1.78

49.79

-0.2
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50.71

-0.83

50.98

+0.81

-0.17

49.21

-0.52

49.3

+1.35

-0.38

49.42

-1.59

49.68

+1.08

-0.11

49.51

-1.74

48.43

+1.49

-1.15

48.27

-3.17

49.34

+1.95

-0.97

51.11

-0.40

47.84

+14

-1.86

Abol

51.08

-0.29

49.08

+2.52

-0.8

50.59

-0.64

49.51

+2.36

-0.93

49.52

-1.48

48.99

+1.57

-1.43

49.88

-1.33

48.43

+1.69

-0.56

49.54

-1.99

49.67

+1.18

-0.44

49.65

-1.86

47.52

+1.8

-2.34
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45.7

+2.01

45.01

+2.53

+1.33

45.72

+1.79

44.60

+2.50

+1.15

45.94

+1.96

45.95

+1.44

+1.67

44.78

+0.91

45.49

+1.7

+1.29

45.41

+1.41

46.21

+0.82

+1.84

44.33

+0.76

45.41

+1.12

+0.19
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44.31

+2.31

44.56

+0.81

+1.28

44.97

+2.48

44.44

+1.42

+1.51

42.7

+1.48

44.49

+0.56

+0.81

42.75

+1.56

44.70

+1.07

+1.74
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43.46

+2.59
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+1.53

+1.64

43.11

+2.61

45.18

+0.66

+2.37
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47.18

-0.02

46.90

+1.89

+0.6

47.7

+0.42

47.56

+1.71

-0.8

49.53

-0.07

47.28

+1.04

+1.27

48.31

+0.09

46.62

+1.09

+1.45

48.48

-0.47

46.32

+0.87

-0.34

4711

-2.1

47.55

+1.05

-0.64
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48.33

0.00

50.32

+0.44

+0.38

47.99

-2.91

50.2

+0.87

+0.02

47.83

-0.88

48.24

+1.78

-0.17

49.51

+0.12

49.29

+0.99

-0.61

48.11

-1.64

49.27

+1.17

-0.10

48.71

-0.82

46.3

+1.91

-2.29

Apel Tk

51.83

-0.09

49.71

+1.54

-0.35

50.46

-1.41

49.8

+1.43

-0.41

50.27

-0.78

49.66

+1.16

-0.44

49.21

-1.86

48.66

+1.32

-0.48

49.9

-1.29

43.83

+2.40

+0.62

49.96

-1.16

49.61

+1.05

-0.57
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44.88

+0.94

47.16

+0.86

+2.01

44.45

+0.37

45.06

+2.08

+1.39

43.04

-0.83

46.05

+0.89

+1.97

45.8

+1.98

44.70

+1.78

+0.09

45.04

+1.49

44.26

+1.39

3.08

45.12

+1.11

46.24

+0.73

+1.67
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42.60

+1.77

44.73

+1.94

+2.63

43.02

+1.45

44.66

+1.33

+3.66

42.98

+2.75

42.32

+1.94

-0.68

39.82

+2.21

42.81

+0.93

+3.96
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44.96

+2.65

44.71

+0.82

+2.51

39.31

-0.84

45.02

+0.22

+4.32
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51.92

+0.32

+0.17

50.61

+1.77

-0.04

49.6

+1.54

+0.65

47.6

+1.33

+0.69

50.84

+1.97

-0.34

51.81

+0.32

+0.44

50.93

+1.81

-0.24

50.85

+0.21

+0.83

50.14

+2.98

-0.93

51.26

+0.43

+0.4

48.68

+2.69

-0.25

48.20

+0.62

+0.87
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50.83

+1.06

-0.02

51.33

+0.69

+0.29

50.11

+1.60

+0.30

51.46

+0.63

+0.35

49.75

+2.82

-1.41

49.95

+1.09

+0.35

50.68

+0.93

+0.41

49.67

+1.13

+0.43

50.11

+2.83

-0.92

49.94

+1.10

+0.18

49.92

+2.46

-0.55

50.37

+0.81

+0.5

Apolth

51.73

+0.73

-0.27

49.91

+1.93

-0.56

52.28

+0.04

+0.42

49.66

+2.27

-0.31

50.16

+2.82

-0.89

47.96

+2.06

-1.16

50.91

+1.91

-0.46

49.66

+1.15

-1.61

50.24

+2.83

-1.37

49.75

+1.48

-0.19

50.52

+2.74

-1.03

50.13

+0.47

+0.01
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45.19

+2.36

+1.82

45.68

+2.32

+1.74

45.87

+1.75

+2.34

46.18

+1.82

+1.98

45.67

+3.65

+2.24

46.01

+1.50

+1.83

45.99

+3.38

+2.33

46.22

+1.28

+1.96

45.62

+3.64

+1.64

46.34

+0.85

+1.13

45.21

+3.86

+1.49

47.04

+0.62

+2.18
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44.52

+1.83

+2.6

45.86

+0.69

+2.85

45.06

+1.53

+3.16

45.84

+0.61

+2.95

43.18

+10.51

+1.83

45.14

+1.02

+2.06

43.41

+10.52

+2.03

44.74

+1.57

+2.06

43.76

+12.60

+2.97

44.40

+1.36

+0.53

43.75
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45.41
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+2.98
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49.20

+2.16

+1.12

47.34

+1.63

+0.80
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+0.8

+1.38

49.00

+0.86

+0.97

49.12

+0.77

+1.53

46.26

-0.54

+2.23

48.82

+1.19

+1.47

38.72

-0.67

+4.82

48.03

+1.64

-0.39

47.30

+0.56

+1.47

49.03

+1.34

+1.22

46.64

+0.79

+0.86
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48.73
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+0.67

49.78

+0.27

+1.18

50.25

+1.05

+0.86

49.99

+0.57

+0.23

47.45

+0.33

+2.04

48.95

+0.82

+0.72

49.1

+0.7

-0.16

49.42

+1.07

+0.33

48.62

+1.28

+1.11

47.25

+0.73

+0.66

49.76

+1.62

+0.52

48.09

+0.84

-0.38
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+0.09

+0.44

50.74

+1.07

+0.26

54.74

+0.14

+0.07

50.5

+1.01

+0.47

51.38

+1.06

-0.09

49.46

+1.20

+0.25

51.38

+1.23

-0.1

49.22

+1.24

+0.2

50.69

+1.89

-0.58

50.83

+0.56

+0.60

50.94

+1.23

+0.02

50.33

+0.19

+1.05

46.01

+1.43

+2.44

46.45

+1.48

+2.29

46.98

+1.30

+2.53

48.17

+0.64

+2.33

45.44

+2.05

+2.73

39.26

+0.32

+2.15

47.06

+2.08

+2.51

47.34

+0.94

+1.96

45.44

+2.89

+2.01

4718

-0.19

+3.32

45.06

+1.49

+1.25

46.7

+0.03

+2.5
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43.85
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44.23
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42.34

+9.25

+1.06
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+1.13

+2.82

38.52

+2.38

+4.59

43.63

-0.02

+4.99
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41.09

+11.97

+4.04

43.75

+0.81

+3.28

37.67

+4.58

+3.25

46.10

-0.42

+5.67




o 2] AR mE Ao A HE

QoMo IRAMAE 77} plastic tube9t glass tubeo] Ho} UVE 24]7F
Ao ® FAEEATH

1) Plastic §7]A kel 34 A}

AN AT 0, 2, 4, 6, 8AIF FAE FAI AR AF
o] A g Lzke] 50.80, 51.31, 51.21, 50.74, 50.672 eI} 2 W37} al
YA FAAE 50.80, 50.70, 50.69, 50.72, 50.312 e} & W7} A
el 9ol Yool 138, 0.29, 0.74, 0.44= el o] Ahda FH
A& 7F 1.38, 049, 041, 0.67, 04022 e ®o] ZAFH oL}

Az rel Aol gle Ao AZE A vH(Table 41, 42, 43, 44, 45, 46).
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Table 41. =& AFo)] 93 plastic 7] BE A Ao gk ¥3}

sample | number Reaction time(hour)
0 2 4 6 8
@ 50.8 51.31 51.21 50.74 50.67
2 @ 49.24 4852 49.93 49.44 48.06
® 4862 49,68 48.93 4858
@ 49.02 50.75 51.05 50.54 50.32
=tolxl @ 4872 50.27 50.59 50.25 49.31
® 47.16 49.27 49.59 49.57 48.74
@ 47.74 49.66 4898 4815 48.90
AR @ 44.78 46.08 46.74 46.12 46.04
® 46.06 45.29 46.66 45.81 45.48
@ 42.1 42.11 42 46 42.21 41.88
kA g @ 39.29 39.59 40.18 39.96 39.61
® 39.38 40.02 40.10 39.62 39.49
@ 55.85 50.89 54.82 54.89
3349 @ 54.64 48.66 54.49 54.37
® 54.39 48.98 54.42 54.1




Table 42. &) Zo)] 93+ plastic 7] HE Y MAo] a7k W3}
mole | number Reaction time(hour)
sample |numbe 5 5 1 5 3
) +1.38 +0.29 +0.74 +0.99 +0.44
AT @ +7.54 +6.07 +3.59 +4.28 +5.72
©) +7.73 +6.55 +7.32 +5.24
@ +1.35 +0.66 +0.39 +0.74 +0.40
=gol @ +4.25 +1.70 +1.20 +1.59 +1.41
©) +5.72 +3.51 +3.47 +3.3 +2.99
D +1.43 +0.2 +0.98 +1.54 +0.18
Ay 2 @) +6.86 +5.93 +5.20 +5.90 +5.25
©) +7.03 +6.85 +5.39 +6.53 +5.96
D) +0.99 +0.69 +0.57 +0.65 +0.6
a7 @ +10.05 +8.36 +8.53 +8.21 +7.95
©) +9.45 +7.38 +8.57 +8.28 +7.38
D -0.82 -0.66 -0.62
3g=ady @ +3.30 +3.32 +3.24
©) +3.95 +4.12 +4.24
Table 43. =€) A3 o] 93 plastic €7] BFE AN M9 pzk A3}
sample | number Reaction time(hour)
S 0 2 4 6 8
) -0.07 -0.46 +0.22 -0.37 +0.08
AT @) -2.16 -1.83 -0.4 -1.01 -1.29
©) -2.41 -1.9 -2.63 -1.53
) -0.83 -0.33 +0.31 -0.27 +0.18
A=R=1 381 B | @) -1.07 -0.76 +0.09 -0.52 +0.05
©) -2.61 -0.6 -0.54 -1.06 -0.53
) +1.73 +2.71 +2.96 +2.48 +3.08
Ay 2 @) +0.59 +0.35 +1.02 +0.48 +0.87
©) +0.34 -0.16 +0.8 +0.16 +0.52
D +4.14 +4.12 +4.24 +3.92 +4.30
k- g @ +2.18 +2.12 +2.27 +2.06 +2.35
® +1.36 +1.33 +1.67 +1.52 +1.93
@ +3.46 +3.00 +2.98
3g=ady @ +2.81 +2.69 +2.68
&) +2.76 +2.94 +2.84




Table 44. =& AFo)] &3 plastic 7] & 38 M9 Lz W3}
Reaction time(hour)
sample |[number
0 2 4 6 3
@ 50.8 50.7 50.69 50.72 50.31
P ® 49.24 50.89 51.13 51.08 5051
® 4862 49.92 50.46 50.21 49.79
o) 49.02 51.09 51.34 51.09 50.14
=l | @ 4872 50.76 50.98 50.96 50.21
3 4716 50.25 51.2 51.10 50.11
@ 4774 49.32 4894 4815 48.96
ARF | @ 4478 47.94 49.41 4877 48.14
® 46.06 48.81 49.12 49.02 48.14
@ 42.1 42.22 4247 41.98 41.97
ok @ 39.29 42.96 43.14 42.59 4258
® 39.38 42.74 43.04 42.36 42.24
o) 55.85 55.48 55.29
g5y | @ 54.64 56.07 55.45
® 54.39 55.69 55.39
Table 45. &) A Zo)] 93t plastic 7] BE I8 MAo] a3k W3}
sample | number Reaction time(hour)
P . 0 2 4 6 8
D +1.38 +0.49 +0.41 +0.67 +0.4
e ®) +754 +0.58 +0.39 +0.49 +0.34
®) +7.73 +0.67 +0.58 +0.76 +0.5
@ +1.35 +0.17 +0.06 +0.34 +0.15
=gl | @ +4.25 +1.70 +0.08 +0.31 +0.19
® +5.72 +0.32 +0.12 +0.36 +0.23
o) +1.43 +0.37 +0.48 +1.06 +0.30
AFRE | @ +6.86 +0.45 -0.20 +0.14 +0.01
® +7.03 +0.37 +0.36 +0.41 +0.32
@ +0.99 +0.93 +1.10 +1.05 +0.98
ok g ® +10.05 +0.03 +0.14 +0.23 +0.04
® +9.45 +0.26 +0.33 +0.43 +0.22
@ ~0.82 ~0.56 -05
33gad @) +3.30 -0.51 -0.49
® +3.95 -0.67 -0.60




Table 46. AF£] A3

9%t plastic &7] E& Z® A

29| bt W3t

sample | number Reaction time(hour)
0 2 4 6 8
@ -0.07 -0.33 +0.28 -0.33 +0.18
T &) -2.16 -0.76 -0.15 -0.7 -0.23
8 -2.41 -0.6 -0.11 -0.6 -0.17
@D -0.83 -0.55 +0.19 -0.48 +0.07
=gkoll @ -1.07 -0.36 +0.32 -0.33 +0.22
8 -2.61 -0.52 +0.30 -0.48 +0.03
@ +1.73 +2.97 +3.64 +2.96 +3.30
AFEA | @ +0.59 +2.35 +3.87 +3.65 +3.58
8 +0.34 +2.93 +3.36 +2.89 +3.25
@D +4.14 +3.66 +3.87 +3.71 +4.22
a7 g @ +2.18 +4.06 +4.26 +4.08 +4.42
©) +1.36 +4.15 +4.14 +4.22 +4.53
) +3.46 +3.42 +3.26
3Ngad @ +2.81 +3.43 +3.23
) +2.76 +3.43 +3.28
2) 8] &71olA AL kP AL
Aol AT 0, 2, 4, 6, 38X FFeg2 ZH3 Ay AF O A
o] 7ol Latel 50.80, 50.89, 49.87, 50.77, 49.86% vtepvt & ®Wskrh ¢l
B2 ol A = 50.80, 50.54, 50.83, 50.49, 50.09% e} = W37 gl

Lol 749l +=
g9 A 87} 1.38, 079, 153, 0.81, 0592 e} Bol 7HA3dHS
Aoz AZES

98 AR

29l el gl

L

dHo] 1.38, 0.60, 1.53, 0.81, 0.82% e} Wo] FHAsHSal

o1} Aol =
tH(Table 47, 48, 49, 50, 51, 52).



Table 47. A} A 2o

9%k glass €7] HE 9 M4 Lk A3t

sample | number Reaction time(hour)
0 2 4 6 8
@ 50.8 50.89 49.87 50.77 49.86
AF ) 49.24 48.66 48.83 48.16 47.68
®) 48.62 4898 49.12 48.83 48.03
@ 49.02 51.08 50.11 49.79 50.06
cetolxl ) 48.72 49.44 49.32 49.34 49.18
) 47.16 49.30 4954 49.63 49.31
@ 47.74 48.79 49.19 47.92 4794
AgFEs | @ 44.78 4598 46.5 45.29 45.31
) 46.06 45.36 46.74 4556 44.64
@D 42.1 4291 42.85 42.25 41.83
- 2] @) 39.29 40.5 40.48 39.66 39.88
8 39.38 39.72 40.25 39.73 39.33
@ 55.85 55.54 55.74 55.65
3g=ay @) 54.64 53.98 54.37 54.09
) 54.39 54.18 54.62 54.17
Table 48. #}Q] A gol 213 glass 7] BE A Mol gz W3}
sample | number Reaction time(hour)
0 2 4 6 8
) +1.38 +0.6 +1.53 +0.81 +0.82
2F @ +7.54 +7.0 +6.70 +7.41 +7.08
® +7.73 +7.60 +7.20 +7.71 +6.75
) +1.35 +0.45 +0.63 +1.2 +0.49
=glo] H @) +4.25 +3.07 +2.69 +3.00 +2.72
® +5.72 +3.73 +3.47 +3.56 +3.27
) +1.43 +0.85 +0.49 +1.52 +0.88
Ap 5 2 @) +6.86 +5.93 +5.74 +6.66 +6.28
©) +7.03 +6.01 +5.37 +6.68 +7.01
) +0.99 +0.32 +0.67 +0.63 +0.74
a7 g &) +10.05 +6.99 +8.66 +8.83 +8.03
® +9.45 +8.04 +8.99 +8.62 +8.29
) -0.82 -0.58 -0.7 -0.68
3= &) +3.30 +3.79 +3.28 +3.3
©) +3.95 +3.13 +4.10 +4.03




Table 49. #AFe] A Fo] 93 glass 7] BE 9 A4

°] bk

Reaction time(hour)

sample |[number 0 5 7 6 3
o) -0.07 -0.33 +0.47 -0.4 +0.2
T @) -2.16 -2.20 -1.56 -2.24 -1.73
) -2.41 -2.59 -1.96 -2.70 -1.93
D -0.83 +0.45 +0.46 +0.02 +0.29
sefolx @ -1.07 +3.07 -0.45 -1.07 -0.54
©) -2.61 +3.73 -0.7 -1.33 -0.78
D +1.73 +2.64 +3.27 +2.51 +3.21
A2~ @ +0.59 +0.61 +0.90 +0.72 +0.79
©) +0.34 +0.11 +0.87 +0.11 +0.15
) +4.14 +3.37 +4.4 +4.12 +4.15
ul-A 7 @ +2.18 +1.58 +2.3 +2.17 +2.26
©) +1.36 +1.2 +1.8 +1.53 +1.73
D +3.46 +3.14 +3.24 +3.26
R e =) @ +2.81 +2.88 +2.65 +2.6
©) +2.76 +2.7 +2.92 +2.95
Table 50. AF2] A3 93k glass §7] BE 38 A9 Lz A3}
sample | number Reaction time(hour)
0 2 4 6 8
) 50.8 50.54 50.83 50.49 50.09
T @ 49.24 50.69 51.43 50.90 50.94
©) 48.62 50.81 50.78 49.65 49.50
) 49.02 51.09 51.2 50.90 50.41
=golxd | @ 48.72 50.69 51.25 50.84 50.15
) 47.16 50.49 51.39 51.00 49.89
) 4774 48.77 49.07 4793 48.62
At 2 @ 4478 49.64 49.28 49.12 4792
) 46.06 48.59 48.98 48.25 48.12
@ 42.1 42.27 43.08 42.07 41.90
k- g ©) 39.29 42.46 43.4 42.60 42.33
©) 39.38 42.67 43.14 42.60 42.63
o) 55.85 55.74 55.48 54.16
g+ @) 54.64 54.79 55.14 55.25
® 54.39 55.52 55.42 54.70




Table 51. A}£] A g9

93k glass &7] HE A8 MAiol azt w3l

sample | number Reaction time(hour)
0 2 4 6 8
D +1.38 +0.79 +1.53 +0.81 +0.59
AT ©) +7.54 +0.83 +6.70 +0.7 +0.54
©) +7.73 +0.48 +7.20 +1.15 +0.65
D +1.35 +0.22 +0.03 +0.36 +0.17
=go|Z @ +4.25 +0.3 +0.04 +0.38 +0.13
) +5.72 +0.37 +0.14 +0.38 +0.24
D +1.43 +0.52 +0.41 +1.17 +0.15
AL 2h 7 2 @ +6.86 -0.21 -0.06 +0.04 +0.09
©) +7.03 +0.59 +0.31 +0.75 +0.30
D +0.99 +1.00 +1.05 +1.14 +0.98
uk4 g ©) +10.05 +0.10 +0.22 +0.14 +0.16
©) +9.45 +0.27 +0.37 +0.33 +0.22
) -0.82 -0.47 -0.57 -05
3gad @ +3.30 -0.37 -0.53 -0.48
©) +3.95 -0.77 -0.66 -0.63
Table 52. AF9] A B o] 23t glass §7] BE FH o] byt W3}
sample | number Reaction time(hour)
0 2 4 6 8
) -0.07 -0.43 +0.1 -05 +0.18
T @ -2.16 -0.85 -0.27 -0.84 -0.49
©) -2.41 -0.64 -0.20 -0.88 -0.27
D -0.83 -0.44 +0.14 -0.42 +0.08
cefolzl ©) -1.07 -0.27 +0.21 -0.34 +0.13
©) -2.61 -0.43 +0.13 -0.49 +0.05
D +1.73 +3.09 +3.69 +3.09 +3.37
AR} 22 @ +0.59 +3.43 +3.82 +34 +3.68
) +0.34 +2.85 +3.26 +2.69 +3.10
D +4.14 +3.35 +3.88 +3.81 +3.95
k- g @ +2.18 +3.82 +4.31 +4.1 +4.07
©) +1.36 +3.67 +4.03 +4.13 +4.1
D +3.46 +3.46 +3.38 +3.05
3Ead @ +2.81 +3.15 +3.29 +3.21
©) +2.76 +3.48 +3.27 +3.24




ok pHel mhE kel gy AE

pHE 40, 45, 50, 55, 60, 65, 7.0, 75, 852 =AT A3} Lgkel 45 o
9l& pH 459014 A4 AA F7hstiou pH 50 oldelAE 2 Wb gl
A, A RS pH 459 % Wsrh Aglov pHrt Zebd s A48 S7tet
Stk ol A& pH 403 45904 Marwwde] Fdxio] glof slefe] gl
AFAne] &2 ¥R A7, IYARe] Ffols 2Pl 9fste] pH
FEFe | wgtoyd IgE Aol pH Aol wEtA Wr7h SUkeke Ao A
7} 5] 9 tH(Table 53).

Table 53. pH ¥ 3}lol] 2 FZ2F AMAo L W3l

pH4.0 | pH4.5 | pH5.0 | pH5.5 | pH6.0 | pH6.5 | pH7.0 | pH7.5 | pH8.5

AA1| 4759 | 4838 | 46.96 | 47.88 | 47.95 | 47.28 | 4521 | 49.42 | 49.09
AH2| 42,65 | 46.79 | 41.71 | 43.85 | 43.25 | 4441 | 4491 | 4198 | 41.86
3| 40.32 | 45.99 | 46.06 | 40.30 | 46.06 | 46.81 | 46.33 | 44.48 | 48.40
1% 1| 4390 | 44.23 | 43.40 | 43.66 | 45.65 | 45.63 | 4645 | 47.33 | 4691

1
SIE2| 4388 | 43.21 | 4546 | 47.13 | 46.92 | 4831 | 4865 | 4843 | 4825

awkel Aol A pH 45004 A A4S
pH gl kA stAtHTable 54).

N,
v
2
o
x
K
oM
>
il
rlr
N
>
i,
2o

Table 54. pH ®3lol] W& TZ2F MAo agt Hst

pH4.0| pH4.5 | pH5.0 | pH5.5| pH6.0 | pH6.5 | pH7.0 | pH7.5 | pH8.5

AA1+419| 374 | 507 | 472 | 435 | 490 | 6.19 2.42 251
A H2|+16.83| 11.19 | 21.66 | 18.93 | 21.09 | 17.96 | 17.82 | 23.18 | 23.54
A H3|+21.56| 15.87 | 15.75 [30.20 | 17.01 | 1511 | 1540 | 20.98 | 11.06
81| +4.86| 578 | 768 | 759 | 618 | 637 | 507 430 | 419

R
ot
DN | —

+331| 406 | 565 | 446 | 526 | 412 | 3.89 423 | 4.21




bt A%l 9N 1, 2= pHel & o] A QI polysaccharide’} @ F
Z5 dA38 WzlZo] pH 4504 ZA F7tetg o, ZEAEE 2AE A
pH 455 A TAaE A7t 715 = 43S UEFH T (Table 55).

Table 55. pH W3l w2 Tx7F M9 bzt ®Hs)

pH4.0 | pH4.5 | pH5.0 | pH5.5 | pH6.0 | pH6.5 | pH7.0 | pH7.5 | pH8.5
A1 -162 | 144 | 142 | -1.15| -0.82 | -0.32 | 1.10 0.79 1.58
dA2| 573 | -3.87 | 621 | 549 | 572 | -4.83 | -4.52 | -4.86 | -4.44
LA3| 828 | -5.27 | 490 | -6.08 | -4.78 | -4.26 | -4.17 | -5.20 | -3.11
Y1 -147 | -231 | 263 | 228 | -1.71 | =090 | 0.24 0.76 1.83
FY2| -0.77 | -091 | -240 | -1.79 | -1.83 | -1.11 | -0.63 | -0.42 | -0.01

microencapsulation & 3z d A&

#23Grh(Table 56). Asol 4% A7be s=dz Aol 44 Ashl v
G S 4 5 Ad, $EF FlAST debde] RoldE AL ¢ 5 9
At TR ARE FE/ ¥ALT Mo E e, BERE ARt
F57b old4 % AWRENOR Uehgrh BEWG ARE A A9 o
oA, AN A gr] Wil EFY A5 A9 vE deAE AL
% & gtk FYE Ao BEME ALE B ARG X BQ ¥
FRE AR FEd M2E A AB} Ane] BT we A9 W
7 EA geAE AS & 5 Afd, Aol R AFol Masl £ 2 u
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2 8ug/ml A7Fs A8 9 2™ microencapsulation
ik e HoFSA G ggkdo] et vEd RS o
T AATH FFHoRE vz MAE TEEE HUMg AlsEe] A4 @
gy 3xpdE Ao A E microencapsulation ZE g3 MAZ o] &3}
g, 9 327 AMr2 H7eaS wek u)
=4 QA BT BEpdo] g Al YEL
t]o] A= e =7 Mot 1y
7]'3}91% . EFo] & HA e FAH|

ed AEA AAdae o

Table 56. 21l microencapsulation 28 &3t MAS Hxd H7Fsk A 59

s v

] 2 4 6 3 10 12 14

Al 5 (10¢g/5ml) | (10ug/5me) | (10pg/5ml) | (10ug/5me) | (10pg/5ml) | (10pg/5ml) | (10ug/5ml)
- | M40 C10 | M40 C20 | M50 C20 | M60 C10 | M60 C20 | M60 C30 | M60 C40
T |awney| anety | dnery | web | ne Ane | Agne
= a0 71 | M40 C10 [ M40 C20 [ M50 C10 [ M50 C20 [ M60 C30 [ M60 C40 [ M70 C50
T Agmety| dued | Aueb | owe | owebd | gdue | d@we
= | M40 C10 | M50 C10 | M50C20 | M60 C30 | M60 C40 “@7&(;?0 MBS0 C30

T |denepd | REang | dre Bl ERTIC! G@L;a} FARTAET
Aol o} M20 M20 C10 1:?8 ;15? M30 C20 | M40 C10 | M40 C20 | M50 C20

ARRE | ddne | TUOT | dud | REgud) we we}

M30 C10

Wl |Mooons| M0 M20 C20 | oy 5y | M30 C20 | M40 C10 | M40 C20

Clodwet | dAxe SRl Rl H

net
oy | Y20 310 | 50 M w0 | 2o cro | R RN | a0 cio | a0 2o
(=Nt TR = pud RS
el TEER | g | awa | O et nel
Jagm | Y20 MI0 [ ¥30 M20 | Y30 M30 | Y20 M30 | Y10 M30 | M30 C10 [ M30 €20
Dlamoral agaa | oaa | 2rasa| pEa | 2Rus | wod

9 M60 C10 | M70 C30 | M80 C20 | M80 C30 | M0 C50 | M100 C50 | M100 C60
uta 2| Y10 M10 M10 M10 C10 | M20 C10 [ M40 C10 | M40 C20 | M40 C30

AFel wlsE e &8
Y100M70(5=3 )




H 4% SEELHE 3 ZAHZoko 2 7|k

5 Phycoerythrin 242 A

=7 =gt oYzt AA A A Phycoerythrin 3 #o]
hycoerythrin®] ©=F 3% F=/F=Z diAste A
F 2 (2F 200mg)e] Phycoerythrine 7 A 5} %3t}
ole] AHAlARE At fste] PAGEE AAg A MAREE
coomassie blue @A/l ©@d bandE UERH o] AAE Foz s
H PAGE oA &2 oF 150kDa =24 SDS-PAGE oA 20kDa % 9]
main band®} 40kDa “d%=2] minor band’} WERY 20kDa 47019} 40kDa 17]<]
subunitE 7H¢l o= dekEn

g

r
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il
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2. &2 Phycoerythrin®] ¢t4A =4
SERFEFEH &St AAA L

=
4T FrelA PYS FAES A% 209 AAE

=
of
o

>
o

>,
o

7}&+%  Phycoerythrine

4 2 o

2 % g, 4= L A7}
(NaxCOs ADel 48] e JehE vhehlo] S48 Mx2Ael 2§ 2
wol yrtha Atk W e AWABNA AAGE Bl R <

o Aol wEAN AL FAEFL AAYL FdA 2

F
ol
Dy

), A R = Ege APE AAAe Felstart

H
2% 372w phycoerythrin®] W= AA7} et FEo2 xaEglon,

o]E phycoerythrin® & A %3+ Lip grosss= 2T WA wmaAXAqA 1o
AR A Tde MAS FxEHem, skin lotiond]l = phycoerythrins
H7bete] BEg Az 2T WFA Rzl 60Ut Rystg o obA
shivh. g st AAAHR AFHE7EE 2 A7]9% 3 HPLC ZdelA @4
Mo g stolyl AA phycoerythrin® 7FHAZE =84 A A 7F & o
o Adg 7pA o R AAE 4 QA Ho] FUFAE EolAl HAld



A 235 Phycoerythrin®] A A 2 tAHA =4
%55 W ekl Phycoerythrin®] AAl 3% Assts 545 HAE
sta, A FH7MEd 2 A A Phycoerythring o) @A 2kalo] 2 &3 Holl o] &3}
et F7E ehEshAl s E A Feke] AdekA] KAt
| gyEslons A5 AxF

a8} &%F Phycoerythrin®] -3 Ak o

5} a2} microencapsulationd} 3

5. Microencapsulation
- HofE o glom kg o]

& AbE M) pHel disk kS Sl
om ol& fste] AA A7H20,0009/kg) = FHA
-3¢ HPMCP-555 &-83to] coatingst$ith. HPMCP-55+= pH 5 ©]stol A& <t

Ao 4 glom 4stA7E 9kl taiME WAS Ztal A% ol A
3k coating A A2 AFEE I

AEF ]

gt
AAGoZA g7l ddd & =
Rorw SAHAE EEactngE o] SdHAL H)go] Aot = T At
6. MaAAke] AHlst HE
F 9 IFHFE HUMERY €88 e =S plantel diEte] 2 7HA|
S AESFon, 2599 HASE S dAEE e oARgA 9
WA 225l 9 Guf sl Al gl BAS Ao R st
o A3 Al AR g @ Filter press %+ Decanter AF&-
e 5= % FA A slurrgyell 93 =3l A ¥k : Vibration UF A&
o MAFZN B Al I 718w TR - EAgA] Fa BRxT] AR
o A& 5 = encapsulation Al T 718 3] 0 Euls]A] RG] ARS-

(F53A : oA sa)

1. el A %3 Phycoerythrin &g 93k
B gl FAg2l FFFRodophyta)@l H(porphyra tenera) S22 58 EolH
R-phycoerythrin(RPE)2 2k 1.1 kb9 sizeZA] af F 709 polypeptide® A ¥

oMEuy T3

L

operon® T+%Z 7}Aal ¢t} Phycoerythrine chloroplast genome®] coding
Ao, 7} subunite] FHA A7|e} FAFFS a 495bp (21KDa), B 534bp

o]



(23KDa)°]t}. Phycoerythrin®] assembly®= 7]E% 2% af monomer?d &

o,

a2

(apoprotein) $-°ll acessory protein?] 2% chromophore synthaseZH-E 5o
o2 AAE billins (phycoerythrobillin (PEB), phycourobillin (PUB) : open
chain tetrapirrole & E}2] chromophore)E ¥} phycoerythrin ap 2] cysteine %t
71¢}e] thioether bonds& &3 # M F3S vetd= ¥ +x25 A
s}, wheld B o)l A= Recombinant Phycoerythring ABAFsl7] $18ke] zhzte]
ap polypeptide= W= cloningste] WEAA|7|= W3 o] mutagenesis® i<
B3 ou e AzZEEEAN FAY o B subunitS TEHAA A AE 9

TS FAHE apoprotein HAFAT S PUS gl PHRA et

e

N

T

o

2. gPdtie] Ax=3 Phycoerythrin #&o] 9P/d SHE 943k Haathilz] wruiy 515

A T2 AdAZ FHE 7R E AT Phycoerythring A 5Fo ofwk
HFoA dulgs deHoer wE £ 97l wEd B A7 WES bilin
synthase?] =Y IS Fol dFE 3Pt WA bilin synthase family+=
phytochromobilin synthase 231 S ¥A= HY2 ADZA dA7HA] 1524E52
f71 gl A Hxw FAEAN F AAZFA] HHE cyanobacteria FolA w2
ojlxom HY2 ¢|o phycoerythrobilin synthase (PEB A, B)¢} phycocyanobilin
synthase(PCY) & &F7F 9

B AGE 9| Nostoc spp.2HE phycoerythrobilin synthase (PEB A, B)<¢]
ket of 717t HY2 #3125 &2 grsiglon, 1 wel WEE 5330

(A=A - F=HFATATH)

e
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= 498 nm, 562 nm, 614 nm, 651 nm¢ FF IFFS e
Ak 2 F ves 9y yeEhth A EoM

= 2
2F Aze ArhHe SRFANE 50 ul, FRAAE 100 peol $5sht)

2. wFE Wl oF FEH FEFALY AF FEAAT
gerzuel o F2E FRFALE BuRsy AREAY 2 S840
e 9ga g w2 4F NARE A fgonw o5

%
N
~
B
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o

928 Fobstel AHESlY] S1% AW E pHE 286~7002 ehgt ¥
WAL A% @7bgl Wl Hunter valued agtol Z7haiglon) 25w
ARE el @itk AFe HAbE Ait LEUE 6d7 AN oA
& A0 ve, FW gol At HFS IAY Al FAESE A%

3. Microencapsulation®l 22 2] F &8 Aol #3 A
Microencapsulation® 214 ¢] Hunter value agte A= Ao 1/7
olatz etk ow, gk Ato|ttell A ewat 8
ol BFHE WAL 12ug/meE LFEFY
Microencapsulation el wWE Hunter value a#t2 polysaccharide’} #A %
MAaE AHEE Aol $Fskath
= #H7hgel wel Hunter value a#kol Z71stlont
M 4 F7pEo| vste] mm] kgl
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Microencapsulation® A2~

Microencapsulation®] <3k A& o] obgde 2% 9 xe|MoAxs A4}
2ol 7F il o pHel A= b3 Aoz eyt

b, FEFALE Al B AFAREOlA bdela SRR, T SOl AR

7Fed 4 oW microencapsulation A2 HO R FAES SUAIZE F AATH
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12. ol BT dho] MaRY AT SO A TFE Asel WE L AT
So AEAQEAN slelsann .

13. AAAA o2 o}A7A phycoerythrin A %23 T Ao A B& Ao gy
< F9d 497t glol H& AS vEd Qe fokd dAFE FdETh
stARt G AGPA AET TN @E Ide BAAOR o
FolR o dAAzHA AN @i e dEFTt

o]+ phycoerythrin 2342 key protein®] phycoerythrin ©]9]2] <&
BzAel gl 9 chromophore, 18] ©]% chromophore?] thAlel] #osls= 42k
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