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<ad 2> SaueEe] 0 F oy
Z=A: https://www.semanticscholar.org
2) Aol T2 2 A BB

gz AL ¥ FA o} =1 H(phycocyanobilin, PCB), ¥ 3o g E &1 #(ph
ycoerythrobilin, PEB), ¥ %2 % & (phycourobilin, PUB), 2 HEH] 2 (cry

47) Percy M. Gault and Harris J. Marler (2009). "Handbook on Cyanobacteria: Biochemistr

y, Biotechnology and Applications; . Nova Science Publishers, Inc. New York, pp. 124-12
5.
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ptoviolin}& Egshe 4719 #ge 2 U nele) PR

H
Aadid o Ede dyk(a)er HEHR) AT FAE oldolF

A (heterodimer, aB)7} 370(a3B3) &-& 670(a6B6)HENE FHE o] AUrt. &
Ae AdAdg SEAE =y 2o At (hexamer) T2 FEHE o] F
Rom FFEH] iy guld ddtolg} FThA) A AP g

23 9 (X-ray crystallograpy work)g 23+ v FoglEd 3DFR &

dy gllpdae <78 3>3 72}

<9 3> v F g EHe 3D Ry Fxo gERT X

daddEAY AFY BFS B o] @3 m oA ML A&
TEE WUstEE dAE A WA AR Aot @ AstaiE BHse=
Hox-1¢] 93] A¢t D g7} #olxwWA 9al v d(biliverdin)o] A4 ¥
049 o 5 gz EZdd AR pebA9} pebB F &a4VF #Holdt=

A &9} pebSo] g AR 27FA7F Atk A WHA 34 S DHBV(dihydrobili

48) Shelly A Pizarro and Kenneth Sauer (2001). Spectroscopic study of the light-harvesting
protein C-phycocyanin associated with colorless linker peptides. Photochemistry and Phot
obiology, 73(5), pp. 556-563.

49) Rhie, G. E and Beale, S. I (1995). Phycobilin Biosynthesis: Reductant Requirements and
Product Identification for Heme Oxygenase from Cyanidium caldarium. Archives of Bioch
emistry and Biophysics, 320(1), pp. 184-194.
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verdin)e] #H @52 AstEUdE A pebA7l Duele] 15W 3} 16 o 3

v ¥l (methine) & 947 F7H41E<¢ DHBV7ZE 44 % 3 o]

[ Biliverdin Ixx

pebA R
DHBV ] pebs

<y 4> wadede] A4gA 37

50) Sigurd M. Wilbank (1993). 268(2), Rod Structure of a Phycoerythrin 11-containing Ph
ycobilisome, The Journal of biological chemistry, pp. 1236-1241.

51) T. Dammeyer and Frankenberg-Dinkel, N (2008). Function and distribution of bilin bi
osynthesis enzymes in photosynthetic organisms. Photochem Photobiol Sci, 7(10), pp. 1
121-1130.



3) Azeedy APAT 2 AXF wWA G 74

@ EAS] 7)Ao #I AYFAF HAF5(1995)52), Sonani, Ravi.
R(2017)53), Qunwen Pan(2013)3), Jacobson(2016)59)& 2ty & Ay} 3] 59 g
Ede 3%, DNA 43}, gaks) 222 opekst Aeld gapel ofestsy a3
2 Ad Ao ¥ F )56

@l EdS] AHA P FE3 APAF FFA(1976)5), Lin, Yi-Hung
(2014)58), Munier, M(2015)9& AHE A3y g3t T2FEZEH F&5 &

& Agate] v FePEDS A £ FFskvh ey ol #A

5>¢} ol HHA AxF V&R AIqYEAS AFAHste] LA
Hox-1<& e A¢} D me7F oA WA dewds 2dsd. 1
Y EZYLA(PEB)Y] 4 45 HH3E pebSE £33 v AolgEZL Y
(PEB)& AT} o] F vz

52) =35 (1995). F %24 & Ceramium kondoi®} FAFE9 I Fogj=Ho] <3 HWTHZ
AT, Feisha tstel AApSE

53) R. Sonani, Ravi, et al (2017). Phycoerythrin averts intracellular ROS generation and
physiological functional decline in eukaryotes under oxidative stress Datta.
Protoplasma, 254(2), pp. 849-862.

54) Pan Qunwen, Meizhen Chen (2013). Antitumor function and mechanism of phycoeryth
rin from Porphyra haitanensis. Biol Res, 46(1), pp. 87-95.

55) Peer B. Jacobson (2016). R-Phycoerythrin Induces SGC-7901 Apoptosis by Arresting
Cell Cycle at S Phase. Mar Drugs, 14(9), p. 166.

56) HhEA (2015). S HA FuHl 249 AAdotwAxe digh kst &3 39 v DDS
7Hu1—' ?_o],q]s_h—ﬂ_ q]s]—ﬂ /\4/\]_5]—,‘4}5‘:"

57) wgal (1976). @34k AFe] Asvmde] Be 9 o ojueit 24, F3AEAe
2], 8(3), pp. 172-178.

58) Lin, Yi Hung, et al (2014). Fluorescent colored material made of clay mineral and
phycoerythrin pigment derived from seaweed, Dyes and Pigments, 100, pp. 97-103.

59) Munier, M. et al (2015). One-step purification of R-phycoerythrin from the red edible
seaweed Grateloupia turuturu. Journal of Chromatography B, 992, pp. 23-29.
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Phycoerythrobilin (PEB)

CpecA \ CpeE, CpeE

l\ HE KJ COCH
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Heme Biliverdin IXa ,E" \
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N
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Phycoerythrin (PE)

<29 5> ZAAE o]&F dIdYgEd FHAA

3. &

_1%

4 Az

59 DNAE A A
Hershy ¢} Chase”} 1952\ o]
s, g#e] DNAZF A2 £ow Foj7ka dwde Ax fhel deve
A8 E 4 DNAZ GAZ Aol AL Hxw ugr}6o

James D. Watson¥} Francis Cricke] 1953 <] DNA9] o] vy F+%9
34 Fzol og mUe AAGUA DNAG #e A77 743 WA
th6h o] &2 1970~1980d tholli= DNAE A23 EolE tdst g4 E0

60) =249 (2013). Hald, "DNA wAgA FAARG7A, . GASFd, AL, pp. 25-26.
61) J. D. Watson and F. H. C. Crick (1953). The structure of DNA. Cold Spring Harb Sym
p Quant Biol, 18, pp. 123-131.
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ghe g ofel] EA gk sle] YelHon, o=
A # Yol A DNA xz+S 23 Eoja A

A3 71Eo]l EHEH AT

DNAE F 7tgto =z R ET. AigrsE oy Z2H7)F

2 FHAE ol &ste] A AYaE AdstE ATE A= ol
22 A2 dRrFEol DNA Avtk 7)o A
Aol UERUA] otk ol edk & A<l DNA dd #Ae] njaggds B

sk & oAl &7 (Gibson Assembly) WH 2 restricton enzyme digestion

62) Recombinant DNA technology history, <science history insitute> https://www.science
history.org (F4: 2019.09.12.)

63) Jeremy M. Berg and John L et al (2007). 'Biochemistry, . Palgrave Macmillan, pp.
79-87.

64) Production of Recombinant Protein, <cusabio> https://www.cusabio.com (3] 4}:
2019.11.13.)

65) Suliman Khan et al (2016). Role of Recombinant DNA Technology to Improve Life.
International Journal of Genomics, pp. 1-4.

66) 7z1A (2003). AZF FHAE o] &3 HA indigo A4 ZMdistu sty AALES =

.
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DNA G7|ME2| Sdot {AI0M £-E510| DNA

DNAS| 22| Aatl pNAE 2 T7| AEHE ALESHY] 2al= 4= U

DNAS| Fgt j&0] == DNA MESH0| o270 22 32| DNAO
DNA® Za A S O0|25610] FotA|ZICH

sFs MEZ@ DNAZF Ml DI F S SAIAI7|H AAE DNA %A

o|gst SH| et S A=

craE K sEnllEn s S el
2 olene Aol afnly, MatEX|Y, AMERY S0 UCk

<1y 6> W AxY 4

Z . Production of Recombinant Protein, <cusabio> https://www.cusabio.com

67) Swara Kalva, Jef D. and Paolo Mita (2018). Gibson Deletion: a novel application of
isothermal in vitro recombination. BioMed Central, 20(1), pp. 1-22.

68) Froger, A and Hall, J. E (2007). Transformation of Plasmid DNA into E. coli Using the
Heat Shock Method. J. Vis, (6), p. 253,
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A HEAQA Axg dwd 7E&S &83 Alges BE 119 2 ke
dyral = 9= BE FAW Aot BE kW AlS 1965 Baruch Samuel

gl gz 74 F83 AR /F1 v (2011)%= Black Queen Cell
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69) 7gotel (2001). vl AY wE (), dEA)AX, A%, pp. 8-11.

70) WEE, FFA, HFA (2012). Wil o } g lﬂﬂf’ﬂ st 1F FgAY= ey,
19(1) pp. 8-5.

71) frlA, o]’ w1 (2011). Black Queen Cell Virus A 23 v o] Wy, 3= g3t

3] A, 26(4), pp. 275-282.

72) AAY, AFE, 144 (2014). B2 H-chain %3 duzd #dx2d8 o] g3k 3
Mg ae] A= f‘ﬂ%ﬂ/\}ﬂﬂ 52(2), pp. 102-109.

73) A&, 4A 3, o]LZ(2014). 18 17+ 52 Placental Lactogen A|%gA] whaild w3
2 A, =sE 23], 38(2), P.27.
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29 EHwo A BujE = gdwldA 2ROl placental lactogen(hPL)E A
2% 7le® 9 Ad e vy sto] nlo]Q ojokE o R ALg-3taA s oA

(2012)& A F5Ee &, ofE9A e 2 B4R d#y =T
7 AUl =24 B(Staphylococcal enterotoxin B; SEB)e] t)3t 284S 7
stz SEBE Ax3 @i &2 dds 5§ dggAE Folste WY
A 5A4& A8

A5 A9ERYE A2 7lso] 79 &5 AA JIesliy F5&
W= ol Sty AlECA St el kS Abeld P o w
o] Aol A = e £ e dwAS AATgoRA ds B A
Al A A sk = v Eo] M3 AitEE 7] 9 A ES st
WAook 9 Ak g oz toftA &&H HUUMAVE vWg =L V)ER

9 7}k 7] uf & o]t} 7)

74) °17d, o] (2012). EEATFolA EHEE FllE4 BSEB)O] oidh Az dwAs
o)A waaka ALk = 7baEs] A, 39(4), pp. 273-278.
75) olAG, BT (1995). ABFA &S] A Fawete] #@ A AV EY AT,
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= Aol AR =T
USA)E Apgste] zldsglal

A2 Y-S E. coli top 10 (invitrogen,

E. coli BL21(DE3) (Novagen,
USA)E AH&3tdth E. colol X dzmogEde #dS 93 FH4E59
o714 <g& NCBI (National Center for Biotechnology Information)® -
grstloen, FRg FAAES gFA oA fiuls A= cpcA (C
—-phycocyanin alpha chain, PCC 7002), ¥ ZAjo}x=- S A=A A7)+ cpcE
(phycocyanobilin lyase subunit alpha, PCC 7002)9} cpcF (phycocyanobilin
lyase subunit beta, PCC 7002), 3 4Fs} &4l Hox-1(heme oxygenase 1,
PCC6803), ¥zl HAS $AsE pebS (phycoerythrobilin synthase, myovir
us) °| .

2 AT S T AdS FA wEsty] flste] 7tz FAA] A
7} EA4¥94 (Replication Origin)o] t}t& WE A 7[AE o] &3ttt o] &
1 A 7FA WE = AA, plbA Origind} Chloramphenicol #3834 & 7} a1
T 709l Milti Cloning SITE(MCS)E 7FA 12 90+ pACYCDuet-1(Novagen,

USA) <z 7>, 4 pBR322 Origin®} Ampicilin A4S 7[x 1 F I

AN

9] MCSE 7FA1 99+ pETDUET-1(Novagen, USA) <718 8>, AA
CDF Origin® Spectinomycin A 34 < 7FA1 F /e MCSE 71A &=
pCDFDuet-1(Novagen, USA)<18& 9>Z A}&3A 0. AlgH #59 =
zul=e §HzY P 542 <F 3>o] LAt
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TF e Eeavs fAA e 2
-, maA Almr-hsdRMS-merBC), ¢80lacZAMIS,
E. coli Top 10 MacX74  mpG  recAl araDI139  Alara-lew) 7697

galE15, galK16 rpsL(Str?), endAl A-

BF~, onpfl, gal dem lon, hsdSy(rpymy) (DE3 [fad
E. coli BL21(DE3)

JacUVE-T7 indl sam? i), (el B 1K — 122

lacO, T7 transl en RBS, T7 promoter,

pET Duet-1 N o
Amp", pBR322_Origin
lacO, T7 Promoter, CloDF13 (CDF)
pCDF Duet-1 o
origin, Spc"
pACYC Duet-1 lacO, T7 Promoter, pl5A Origin Cam”
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EcoM | {3s81)

Apal [ (3533}
Miu | {3513)
AR (3513)
Bcl | (3409}

BstE |l {333}
Apa | (F310)

pACYCDuet-1
(4008 bp)

P
BssS 1i2128) gan 1 anna)

Bpu1102 | (451}
EcoC109 | (474)

BsudE | (517)

/BspElum:

Ecod7 Wl (1751}
MNhe | {1752)
Bst1107 1 {1785)
Xmn | (1608)
SgrA | (1838)

MCS1
Tﬂﬂcl

Nco | (69)
His-'l'ag
BamH [ (108}
EcoR {112}
Sac | (122)
BspM | {124)
Asc | (125)
Sse8387 | (135)
Pst I (135)

Sal | (137}

Hind 11l (143)
Not I (150

Af1 I (183)

MCSs2

Tﬂs:j’

Nde | (208)
Bal Il {305)
Mun | {311)
EcoR V (319)

Avr Il (a33)
T7 terminator

<18 7> pACYCDuet-1 ¥E W(Novagen, USA)

Cla | (5383)
SgrA | (s33g) |

Sph | (5191), |

MCS1
T.Hacl

EcoN | (51 ZE)B' \_—- _E:[:,QSrG 1 (190)
A o S

Miu | (4658)
Bl | (4844) %

pETDuet-1
{ ] (5420 bp)

Psp5 |l (3789) "\

Bpul0 | (3gsg)

h

.

o™
\\
T et
Tthi11 | (3052)// T-f—['gﬁ!;__/ A\

Bst1107 | (3027) ! f
Sap | (2912) BspLUM | (2784)

o

O\

.

s
g

‘Ahd |

l‘ 1Bsa | (1250)

"Bgl 1
|| Fsp

AlwN | (2385)

Ssp | (984)

Nco | (69)
His-Tag
BamH I (108}
EcoR | (112)
Sac 1(122)
BspM I (124)
Asc | (125)
Sse8387 I (135)
Pst 1 (135)
Sal 1 (137)
Hind 11l (143)
Not | (150)

(1188) | | w11 (163)

(1308)
MCS2
1 {1411} T"acl
Nde | (298)

Bagl Il (305)
Mun | (311)
EcoR V (319)
NgoA IV I (323
Fse |{328)

Sqgf | (337)

Aat Il (346)
Kpn I (352)
Xho | (354)
S-Tag

Pac I (429)

Avr 11 (433)

T7 terminator

<1¥ 8> pETDuet-1 W& % (Novagen, USA)
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EcoN | (3754)
Pfo | (a718), |

Acl | (3626) \ MCS1

BStAP | (B804, { i J\% Nco | (69)
o }(,’ His+Ta

4 BamH? 106)
~ 7 prornoier i '/ EcoR | 12123

lac operator T7 promoter- 2 > Eco0109 | (478) Eggilc(r:t 2; ):120)
lac operator \z_ - Bsu6 | (517) Asc 1 (125)
%~ Age | (586) Pst 1 (135)

N _~Drd| (g28) Sbf | (135)
—Tth111 | s26)| |Sal | (137)
_BsaA | (715) Hind Il (143)
Not | (150)
Afl Il (163)

-‘ fBg\ 1 (843)

| MCS2
- e | (208)
CDFDuet-1 i Nde |
3781 b = Bagl Il (305)
{ P) 5 f Mfe I (a11)
[/ EcoR V (319)
Fse | (3az8)
AsiS | (3a7)
Zra | (344)
Aat Il (346)
Acch5 | (348)
Kpn | {352)
Ava | (354)

o
Hpa | (2784} IN"\

BsmB | (2451} \

Bbe | (2431)"
Sfo | {2429) |
Nar | (2428)/ |
Kas | {2427) | | N\

BsaX | (2618) N

/ )\'. P
N
Xbal(2368)

Avr |l (433)
T7 terminator

‘CDF " ori (1511—2349‘

\ "Pei | (1688)
SgrA| :1593) Nsp I (1670)

<1¥ 9> pCDFDuet-1 & W (Novagen, USA)

2) E.coli M{<¥ vjx @ XA

E. coliE vje¥str] 938te] Luria-Bertani (LB) [(Tryptone 1%, Yeast Ex
tract 0.5%, Sodium Chloride 1%(w/v)]&= 1217C, 14 psiol A 20% o4 <
a2 Hit(Autoclave)dto] A A v kol ALESFI T ZEpAn =S IR-3)
Fturs AEEty] 9ste] &4 A Ampicillin (50ug/ml), Chloramphenicol
(35ug/ml), Spectinomycin(25ug/ml)S LB &) #H7lste] Ag3dct.
A B wjA e A A FHE 1.0%(w/v)E L2A Mol dHd 2
10cme] petri dishol] 20mbE o] A&ttt 2443 #+2 wiA+= ¥%
4Co] ¥ Bt gadeed dds fais aud
st7] 93¢k Lactose’t &8 H3Fu#Ql ZYM-5052 autoinduction<70 A}

itk E. coli W wA S FF 9 2o wd W& <E 4>9 2k

-

Ho

i)

o

to
Ho

Bl Hob ot

op

76) F.W. Studier (2005). Protein production by auto-induction in high-density shaking cultur
es. Protein Expression and Purification, 41(1), pp. 207-234.
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<E 4> A9 YEY %o stad FA

vl %] &5 e oF
Tryptone 10g

LB(Luria—Bertani) Yeast Extract 5g
NaCl 10g

Tryptone 20g

Yeast Extract 5g

NaCl 10g

SOC Medium 0.25M KCl 0.5g
1M MgCl,.6H:O(Fiter-sterilization) 10m¢

1M MgSO,. 7H,O(Fiter-sterilization) 10mé

IM Glucose(Fiter-sterilization) 20ml

KH,PO4 6.5g

KsPOy 71g

(NH,)2SO;4 5g

YeastExtract 24g

ZYM-5052 NaCl 5g
Rich Auto Induction Tryptone 12g
Medium Glucose 0.5g
Glycerol 20g

Lactose bg

TraceMetals  (100x) 1ml

1M MgSO, 1ml
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3) Alx=3% DNA #d &4 2 A%

A F2Ye fstd AE A E 2249 7IENEB, USA) AFS
AL-E-3F A oF. Polymerase chain reaction (PCR) A]¢F& TaKaRa (Japan)9
Prime star Max& A}&3F91 2™, Oligonucleotide:= H}o] QU o} (F)o| Al F
£ Al Zste] AREEEAA

o7tz = A A7)gFol Al4H 50X TAE Bufferg ©]-83t%11, DNA 4
AE 93 PCR/gel purification kit 2 plasmid ## & €3 Nanoplus
plasmid extraction kiti= HFe] QU ol(F)o| A tujsle] AFE-3}al, 1kb DNA
Ladder®} 6x agraose gel-loading buffer:= thermo fisher scientific(USA)
A EL AR AT. 7] e A eke Sigma-aldrich Chemical Co.(USA)9} o A
st= (Korea) #| & A F-vl s} ATt

4) SDS-PAGE #d Aok A%

SDS-polyacrylamide gel& His-tagged #| %3 3 I glEzW o] Hat
¥ cpcA(F e Ed)e] wd gl B A4S 98 AFRHEJT. AFELS S
igma-aldrich A} A# 3 Bio-rad(USA)E A}g-3l9 o SDS-PAGE gel A
Z Aloke <% 5>, SDS-PAGE buffer 4 & <% 6>3 Zt}7

77) SDS-PAGE Gel, <Cold Spring Harbor Protocols> https://doi.org (3 21: 2019.09.21)
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<3 5> SDS-Polyacrylamide gel A]¢Fe] 3}3t# A&
& e %
Bis—acrylamide
. lg
) acrylamide
30% Acrylamide 29g

Deionized Water
Filtration 4C =%

adjust to 100me

. Tris base 36.3g
1.5M Tris/HCI L )
(I 68) Deionized Water adjust to 200mé
PHED: pH 68 B4 Auto-clave 23.66m¢ HCI
) Tris base 36.3g
1.5M Tris/HCI Lo )
(oIl 8.8) Deionized Water adjust to 200mé
P o pH 88 A Auto-clave 4.28n0 HCI
10
10% SDS SDS (Sodium dedocyl sulfate) . &
adjust to 100m¢
1
109 APS ammonium persulfate &
10ml
<3 6> SDS-page buffere] 3}&4 A
£ i R
) B 30.2g
10X Loading TGS buffer S BESEUWEIEED 144g
Glycine
pH 8.3 1% SDS 10.0g
? adjust to 1000ml
15M Tris/HCI, pH 6.8 2.5ml
(250mM) 7.5md
5X Sample buffer 100% Glycerol (50%) 15g
SDS (10%) 3.7md

1% Bromophenol blue(0.25%)

Coomassie blue R-250 1g
Coomassie gel Methanol 450ml
staining solution Glacial acetic acid 100me
Deionized Water 450m¢
Coomassie gel Isopropyl a.lcoho‘l 100me
destaining solution Glagal. acetic acid 100me
Deionized Water 300md
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917t el WR7tA AE HaCaT AX: ATCCUSA)NA Fulahl,
AEFe] ALEHE WAL obuln B wEY FEE 2= A (DMEM:

Dullbecco’s Modified eagle medium)¢} oFw] =4k wvlEY, o 2 7)

) =

(e
)
o

2 ¥335= A8 X (FBS: Fetal Bovine Serum), A A| = o] &

b

=
YA 9 (penicillin), 2~E 31 En}o] Al (Streptomycin), 0.05% trypsin-0.02%

ol

|
A adE deEpde o2y oldl el Edtol Al EAHEDTA: Ethylenedia
minetetraacetic acid)¥ X% thermo fisher scientific(USA)o| A vl &} 31 t}.

H E 2} & F (tetrazolium) Al d A A] 2kl 3-(4,5-dimethylthiazol-2-y1)-2,5
- diphenyl-2H-tetrazolium bromideE A}-&3to] AMEEA I AE AFES
ZA3= MTT, #4F3F 4 (Hydrogen peroxide ‘HsQ»), 34t 32 74x
ol A & Al 22 H J (N-Acetyleysteine: NAC), Mol 7|4 A A (Methylene
blue), t]Wl €<% ¥ A= (Dimethyl sulfoxide : DMSO)¥ Sigma(USA) #| %<&
AFE3FA T MTT Al oS bmg/mle] 5% % PBSO o] 0.22um micro filter
2 oFste] WE Adste] Bl ww Ao A&k 513 4HKojic
acid)-> Aldrich(USA)ol| 4w sf A AF-&3FA
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3.

Hawx A

3 AR

HaasE vIAdygEd Max 1.2%, dFdd M AA 25 (Cal chemical,
USA) 1.2%, g 3ZdgJEH M 06%eF A 25 M 0.6%E 4L 5 <3F
>3 e Aon ¥ IAE Az
<E > YFEA Az AW

ICID Az 312 gE@Es) |
25 A,
W 7] Al (= 2k
Microcrystalline Wax Multi Wax(Sonneborn) TOEr ;O}@(Zé,ozﬂi A, 2.000
;% Ei%ffxﬂ (l=4)
. Ceresin Wax #810] Nikk Zl
Ceresin Ri.C:]SH.I ax ! .0 x % A1) 2284 2.600
Methylparaben %Dagm*M(MP)[da“a A, BEA 0.050
Propylparaben Nipasol MIP.Plelarian | 534 0 2 0.050
Diisostearyl Malate Cosmol 22INisshin Oillio] | ¥ F-f-<A &} A, &4 21.780
fr3fetg A,
ﬁ]‘ﬁ A Mg A,
Lanolin Crodalan SWLICroda) | 5 5 iy seq | 20000
A)),
i]f’%%’]’*éﬂ] (L-‘r;' fﬂ])
. Polyisobutene = PB | A5HAl, 3 =2& A4 A,
Polyisobutene 1004 Flelariant] Xﬂl =51 ;ﬂ (() H];F ) 34.000
A=y o] &
Octyldodecanol Eutanol Glbasf] jgi;ﬁ 1573t < oAl 9.000
SEAGAAGA(FA
Polyglyceryl-2 Triisostearate Cosmol 43[Nisshin Oillio] %j%]‘ 4 A (G844, 4.000
& A
@%Zﬂ, 434 ahd A A,
4 Z
VP/Hexadecene Copolymer Antaron V-216[Ashland] %E;{;i xﬁ ﬂﬂ’] T 2.500
A, ASA-vTL&4
A} &} HF
Tocopheryl Actate Vit E Acetate Centerchem] gq‘ ﬁ%g ﬂ EpY 1.500
I 5-f A sh Al
73] “%%“é ﬂl —%oi}oxgl/ﬂ
Glyceryl Linoleate/ WF Gyoaic et [Gatade ;i%;lﬁ xﬁ’] 10(%‘}?])}}] ), 1000
Glyceryl Linolenate/Tocopherol) n] A g}ﬂj {1 A, ;_'I ¥ ) ’
BEAYMIA TS
WA A]
Phycoerythrine PE—3919 (01 %sd) | A& 1.200
Water, Lavandula Angustifolia Greenol[bio-fd&c] 3B AT Y A 0.100
(Lavender) Flower Extract, Monarda s °© )
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Didyma Leaf Extract, Mentha Piperita

(Peppermint) Leaf Extract, Freesia
Refracta Extract, Chamomilla Recutita
(Matricaria) Flower Extract,

Rosmarinus Officinalis (Rosemary) Leaf
Extract, Butylene Glycol, 1,2-Hexanediol

Water, Thuja Orientalis Leaf Extract,
Zanthoxylum Schinifolium Leaf Extract,

Resmelin HRIE| 1717

bij=] 1=
Polygonum Cuspidatum Root Extract, | 4 & TR A A 0.100
Butylene Glycol, 1,2-Hexanediol -
68‘)6{ o 3L
Fragrance pf. (ehejal el 3= 0.120

sh[zoleto] X

|
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4. A8 W

= T [}

1) F+4A# Z=Z4(Gene cloning)

(1) Ztolw A= 2 +3 DNA =H]

E. colil A = oAl &8 ligations 913k WH £ke] homology ¥ &S E

gral AR5 cDNASI Hox-1, pebS, HT-cpcA, cpcE, cpcF A &£

cDNA A 49d& HA3 sto] vlo] & Yol(F)(bioneer, korea)ol] ¢ # 3t A
X

e < 8% 2 AxF Wes 229 ] A8 7

e BeSA, Favie MEE FEeY] g8kl g 7 el
ol
=

<3#% 8> cDNA Ald 2~

cDNA

AA~

Hox-1
(5'—3")

TAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATA
AGAAGGAGATATACATATGAGTGTCAACTTAGCTTCCCAGTTGCGGGAAGGGACGAAAAAATCCCACTC
CATGGCGGAGAACGTCGGCTTTGTCAAATGCTTCCTCAAGGGCGTTGTCGAGAAAAATTCCTACCGTAAG
CTGGTTGGCAATCTCTACTTTGTCTACAGTGCCATGGAAGAGGAAATGGCAAAATTTAAGGACCATCCCA
TCCTCAGCCACATTTACTTCCCCGAACTCAACCGCAAACAAAGCCTAGAGCAAGACCTGCAATTCTATT
ACGGCTCCAACTGGCGGCAAGAAGTGAAAATTTCTGCCGCTGGCCAAGCCTATGTGGACCGAGTCCGGCA
AGTGGCCGCTACGGCCCCTGAATTGTTGGTGGCCCATTCCTACACCCGTTACCTGGGGGATCTTTCCGGC
GGTCAAATTCTCAAGAAAATTGCCCAAAATGCCATGAATCTCCACGATGGTGGCACAGCTTTCTATGAAT
TTGCCGACATTGATGACGAAAAGGCTTTTAAAAATACCTACCGTCAAGCTATGAATGATCTGCCCATTGA
CCAAGCCACCGCCGAACGGATTGTGGATGAAGCCAATGACGCCTTTGCCATGAACATGAAAATGTTCAA
CGAACTTGAAGGCAACCTGGTCAAGGCGATCGGCATTATGGTGTTCAACAGCCTCACCCGTCGCCGCAGT
CAAGGCAGCACCGAAGTTGGCCTCGCCACCTCCGAAGGCTAGCTCGAGTCTGGTAAAGAAAC

pebS
(5—3)

CTTTAATAAGGAGATATACCATGACGAAAAACCCGCGTAACAACAAGCCGAAGAAAATCCTGGACTCTA
GCTACAAAAGCAAAACCATCTGGCAGAACTACATTGATGCGCTGTTTGAAACCTTCCCGCAACTGGAAA
TTAGCGAAGTTTGGGCCAAATGGGACGGTGGCAATGTCACCAAGGATGGTGGCGACGCGAAGCTGACCGC
AAACATCCGTACCGGCGAGCACTTCTTGAAGGCACGCGAGGCTCACATCGTTGACCCGAATTCGGACATT
TATAATACGATCCTGTATCCGAAAACGGGTGCGGATCTGCCGTGTTTCGGTATGGATCTGATGAAATTCA
GCGACAAAAAAGTTATCATTGTGTTTGATTTTCAACATCCGCGCGAGAAATACCTGTTTAGCGTTGATGG
TCTGCCGGAAGATGACGGCAAGTATCGTTTCTTCGAGATGGGCAATCACTTTAGCAAGAATATCTTCGTG
CGTTACTGCAAGCCAGACGAAGTGGACCAGTATCTGGATACTTTTAAGCTGTATCTGACCAAGTACAAAG
AAATGATTGACAATAACAAACCGGTGGGTGAGGACACGACGGTCTACAGCGATTTCGATACCTATATGA
CCGAGTTGGATCCTGTTCGCGGCTACATGAAGAATAAGTTTGGTGAGGGTCGTTCCGAGGCCTTCGTCAA
TGATTTTCTGTTCAGCTACAAATAAGTCGACAAGCTTGCGGCCGCATAATGCTTAAGTCGAACAGAAAGT
AATCGTATTGTACACGGCCGCATAATCGAAATTAATACGACTCACTATAGGG
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Ht-cpc A

CTTTAAGAAGGAGATATACCATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGATGAAAA

CCCCTCTTACCGAAGCAGTAGCACTCGCTGATTCTCAAGGCCGTTTCCTCAGCAACACTGAGCTCCAGTA

CCTCTATGGTCGTCTTCGTCAAGGTGCTTTCGCCCTTGAAGCGGCTCAAACGTTGACTGCAAAAGCTGAC

ACCCTCGTTAATGGTGCTGCTCAAGCGGTTTACAGCAAGTTCCCCTACACCACCAGCACTCCTGGCAACA

ACTTCGCTGCTGACCAGCGCGGTAAAGACAAGTGTGCTCGTGACATCGGTTACTACCTCCGCATGGTTAC

CTACTGCCTAGTTGCTGGTGGTACTGGCCCCATGGATGAGTACCTCATCGCTGGTGTTGACGAAATCAAC

CGTACTTTCGATCTTTCTCCCAGCTGGTATGTTGAAGCTCTCAAGCACATCAAAGCAAACCATGGTTTGA

CTGGCGATGCTGCTACTGAAACTAACAACTACATCGACTACGCAATTAACGCCCTCAGCTAATTTGAATT
CGAGCTCGGCGC

cpc—E

CTTTAATAAGGAGATATACCATGTCGGACTGGCAGATGGCTGAGGCCTGGACCCTAGAGGAGGCGATCGC

CAATATCCAACAAACGGAAGATACAGGTAAACGCTATTATGCGGCTTGGTGGTTTGGCAAGTTCCGGGTG

CAGGATGAGCGGGCCGTAAATGCGTTGCTAGCAGCGTTAAAAGATGAGACGGATCGGTCGCCGGATGGA

GGTTATCCTCTACGTCGAAACGCAGCAAAGGCGTTGGGCAAGCTGGGCAATCTGGCAGCGGTGCAACCGT

TAATTGAGAGTTTAGAAAGTCCTGATTATTATGTGCGGGAGTCGGCGGCCCAATCGTTGGAGATGTTGGG

AGATCGGCAGGCAATTCCTGCGTTACAAGCGCTACTTGCAGGAGGGGTTGCAGCGGCAGTCAAGGCTGAG

GGCAAACCCCATTTAGTGCAGCCCTATGAAGCGGTGATTGAGGCGTTAGGGACGATTGGTGCCACGGCGG

CGATCGCCGAGATTGAGCCATTTTTAGATCATGAATTCGCAAAAATTCGCTACGCAGCACTACGGGCCTT

ATATCAACTGACCCAAGAAGCCCATTACGCTGAACAGTTAATGGAAGCCTTGAATGGTAACCAGCTACA

GTTACGACGGTCTGCGCTGTTAGATTTGGGTGCTATCGGCTATGTTCCGGCGGGTCAGGCGATCGCCAAA
GCCTATGCCGAAAATAGCTTAAAGTTAATTTCCCTCAAGGGCATTCTCGAATCCCATTTACAACGGACCG

CCGAAACCCTCGATGCGGACGGTTTACAATTGCTCGAATTAATGGATAGTCTGCTCTAGGTCGACAAGCT
TGCGGCCGCATAATGCTTAAGTCGAACAGAAAGTAATCGTATTGTACACGGCCGCATAATCGAAATTAA
TACGACTCACTATAGGG

cpc—F

TAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATA
AGAAGGAGATATACATATGCGATCGCTAATTTCTGAACCCATGACCGTCGACGTTTTAATTCGTGCCGTT
AACAACCCCACTTCAGCCCAAGACCTGGTCAAAAATGTGGCCCAACTCGCCGCAACAAAAGATGAACAA
GCCATTCCAACTCTGGTAGAAGTGCTGAAATTTAATAATCCGGGGGCGGCCGTCGCGGCGGTCAATGGTC
TGATCAATATTGGCGAGGCCGTTGTGCCCTACCTCCTCGAAAATGTCGATGGCTATAACTACGGAGCGCG
GGCATGGATGCTGCGGATCTTTGCCGGAATTGGTGATCCCAGAGCTTTAGACCTGCTAATTGAGGCGGCG
AATAAGGATTTTGCCTTTAGTGTGCGGCGCTCTGCGGCCAAAGGGTTAGGGAATATTCAATGGCATAAAG
TGCCAGATTCTGAGCGAGAAGTGCAGCAGCAAAAAGTCTGTGATTGTCTATTCCTGGCCCTTGAAGATGG
AGAATGGGTGGTTCGCTATGGGGCGATCGCCGGACTAGAGGGTTTGTCGCAAGCCATTCCAGAAGCTAGA
AAAATCGTCATCAAAAACAAACTCACCGAATTTCTCACCACAGAACCAGAAGCCGCAATCCGTGCCCGA
ATCCAAAAAGCAATCCTGAGTCTTCCGTGACTCGAGTCTGGTAAAGAAAC
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<# 9> PCRS 3}7] $13%F &2 DNA T+ RNA &4

Zdtoln AA 2~ (5'—>3Y)
pET-Duet-R GGTATATCTCCTTCTTAA
pET-Duet-F TTTGAATTCGAGCTCGGC
pACYC,pCDF-Duet-R GGTATATCTCCTTATTAA
pACYC pCDF-Duet-F CTCGAGTCTGGTAAAGAA
Duet-Down GATTATGCGGCCGTGTAC
T7 terminator GCTAGTTATTGCTCAGCGG
Duet-Up TAGAAATAATTTTGTTTAA

(2) PCR (Polymerase Chain Reaction)

PCR< Prime star max (Takara) #|%& AF-&3] HAISHom, Zafo]m
= forward, reverse 2Z}Z} 15pmol, Prime star max 25ul, ¢cDNA 150~
200ng, YW A= E FHFE HFT F3 S0uldl A AASAT. 95T A 3
B oEok WA R, 95T A 10x%, 55T 5%, 72T 3HxE 253 +3h 3t
gomn wmpxjuto 7 72T 3% %<¢F Final elongationg Fo SZ AT &

= PCR HF&& Gene Amp PCR System 2700(Applied bio system, USA)
S AHgste Fdstdt. SEE PCR AAES o722 A 7|98 &

3 2olatglnt.

(3) ob7t2= #A7]99% 2L DNA AA

of7tm= A H7)9 %> 50X TAE buffer(vhe] 2 4o}, Korea)E 1x TAE
Buffer= 343t AtE3t%a, +£8]¥l PCR AAEL 6x agraose
gel-loading bufferE 511 B2 3 & 1.2%((w/v) o722 A Aol A
DNA 1kb ladder$} &7 dAgt 100VE A71d% stsich oprpz= A 27
Jror ZZy Zgau= wWE DNAES 93 & PCR/Gel purification
kits o]g3ate] Al zAl wlwdel ugl GASEA T 50X TAE buffere] =4
L <% 10>3 2t
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<% 10> TAE(GOX) Buffere] 3}stxA

TAE buffer JE @ mz 99 (50X dE g A4y
) Trizma base 242¢g )
Tris-acetate, . . 40mM Tris—acetate
acetic acid 57.1ml
EDTA PH 8.0 1ImM EDTA
0.5M EDTA(pH 8.0) 100me

(4) 45 o]43 DNA Ligationd} &2 dst
Gel purification kitE o] &3sle] #2d PCR A= UE oA EE =
24 J|EE 835 AFEU . Master mix(2x) buffer 10ul, PCR A4

2o wMesl G4 DNAZ FE7h 13 vge] HE% Wi, HF ¥z

20012 B2 A 50T A 3087 T'ste] wgAzl 5 dHAR A

gl BAstAth Ligationo] #4& <3 11> 2t

<3¥ 11> Ligation®] T4

_ahe 3T 1~3 4hg] =7 LigationS $]3 DNA set
Lm?grlzed Vector | yul(25750ng vector) pET-Duet Vector pETDuet-1
Purified A(70"150ng insert) Tnsert fragment | HT cpeA

X ng inser - nsert fragmen cpe

PCR Fragment # & HT-cpcA ¢ P
Deionized Water 20-y-xqd pCDFDuet | Vector pCDFDuet-1
Master mix(2x) 1044 cpcE, cpcF | Insert fragment | cpcE, cpcF
Total 2010 pACYDuet | Vector pACYCDuet-1
Reaction 50C, 30min pebS, Hox1 | Insert fragment | pebS, Hox-1

84 A ¥ (competent cell)¥ E. coli TOP10S 3me] LB AAuj= ol 3
TColA 14412 s<b 12k wjFet 5, 50mée] LB HAuf=o] 12 <
S0ulZ Wi 0Dy, EBESF 04~060] B wWrhA 24A7F Bk 20T o

td

=
T

22F WA A, 4T A 2500rpme. 2 10%7F A4 2yste] A=dS
AAZ F AEES Ao H#H3A T Transformation Buffer(10mM PIPES,
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15mM  Cacl,, 250mM KCl, 56mM MnCl,, pH 6.7) 6mE Y31 AXE Fo]

(0f

Ao 2 YAEE ¥ Transformation Buffer 4mlel] A ¥

AFAT. 10%7F Lol WA & DMSOE HF s = 5%/ Hes 9
Sml FEO 100p¥ #F & -80Te] Hysdth

| g3kl AP 84 AE 100pld]

ligation mixture bulE #7713 & 4To|A 208 =< Wx3 T 42T A

30%, dgoA 5& Fok kA 7IH, SOC wiA(2% tryptone, 0.5% yeast

extract, 10 mM NaCl, 25 mM KCI, 10 mM MgCl,, 10 mM MgSQO,, and

20 mM glucose)E (00ulE H7F & 37Co A 1A 7F E<F 180rpmo. & Hj %
Stk ool A 2500 rpmell 2% E<F A4 EElste]l 100ule] HHEel 2zt
o] AgAL 72 A A (Ampicillin, Chloramphenicol, Spectinomycin) 7} 3
g LB @4 9% iAol E9stel, 37C wgvlolA 1843 ot Wl
S th. A A (Ampicillin, Chloramphenicol, Spectinomycin)¢] # % &% 9
FTeo #I g <F 12>¢
<E 12> F4A 3o BE
A A A7 & _ A &
Agex 5 FH T A e
Ampicillin -20C 50mg/ml 50ug/ml pETduet-1
Chloramphenicol -20C 34mg/ml 34pg/ml pCDFduet-1
Spectinomycin -20C 25mg/ml 25ug/md pACYCduet-1

78) Froger, A, Hall, J. E (2007). Transformation of Plasmid DNA into E. coli Using the Hea
t Shock Method. J. Vis. Exp. 1(6).
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FAAS dFo QS LB s H@ wixo] AAHE LAES PCRE
23] Felslgtt. T7-terminator®} Duet-Up primerE o] £3] Z=4 PCR
3} 5d xHoez PCRE F3ste orfz= A 15%(w/v) dA7|dFoz
gelatgint. 7k WE F2Y ¥ AxF FAx d7149 Z2AL voloy
ofo] o] st Duet-Down, T7terminator primerE o] &3to] d7|4dL &
Q1 &kt

A7 del FleE WMEV 57t FFELS 3ml LB 7} WE <] AIdA
S 7 FRAAE P 4A7 FoF 37TCo A 180rpmo. & wj s, 1 ¥
2500 RPMe] 2% &< A4 ##ste] wjddS AAska, #Hio] 2y}
(Korea)¢] Nanoplus— Plasmid mini Extraction kitE € &3] plasmid DNA
s  FEsdd. A% #d"¥ DNAE  pETDuet-1-HT-cpcA,
pCDFDuet-1-cpcE-F, pACYCDuet-1-PebS-Hox1o] & &} t}.

£
i
’
r 41
ol
i
N
rit
NE,
i
1=
i
=
r (4

75 AME =3 23 pETDuet-1-HT-cpcA, pCDFDuet-1-cpcE-F,
T ol E. coli BL21(DE3) €4

Axe sdst doez Fd d3 Az 1 % FAAA(Amp, Cm, Sp)7t
S 37C wjk7]o Al 154 7k

St sttt LB gk Hak wixo] FAdE ZAE LB 3me(ZFEA)
ol A} 15A1ZHB7TC, 200rpm) 12+ wjeF ¥ ZYM-5052 uj=] 30mlel 1x} wj %
I 4AZF BE(37TC, 200rpm) F %5 30T 2 Wy 154

B F7F AT ailE wds gQlasky] fa) AlPE R w g 100plE
#3Fe] 2000rpmo. & 137+ A4lF-2] %, SDS Sample buffer 100ule] 5]
100Ce] 587 7Fdst 3 15ul2 293le] SDS-PAGES £33 Alzkd 3=



(7) dzeledd @y fFud st BA

JzeeEd el A AAde #elstr] flsted, 5L o vl
F7)(Cell Act, FAtoll ZH] ZU(F), $H)E &3 oFuds A&
FAA 7L g8 LB wlx) 50mee] A 15417+ (37°C, 200rpm) 13} i %5k oh.
Eoujke Witr® 5L wjgrlol] 3L H-guix] ZYM-5052 Auto Induction Hi

1

Ao 12w 50mE FoFATh #Eg AL 350rmpm, 7] FEiE 1v/
v/mE& §A8M, pH 68% 23171 938te] 1M NaOHE AM&3tgich &%
T 37CeAA 6A17F 8l 5, 30T A 2477 52

e wg ol Aike] AFRE oW IPTGE Al

ion vjA = @A gl o3

&3 Ao BAdS FEshe AR Hgo] dAAoY, 58] wA o

_IQr
WA gaw7t @R =09 E cohel AE F7F FX27]1(A A 7], Lag phas

LR 5

e)E AY tFHes Tt 4 52471 (Log phase) ©@Alo] IPTGE

H HEFE FEEE Aol obdd wlx W 0.05%¢ EE=F(Glucose)S A
a3 §, A" (Lactose) S 2 R3dle] F2A 7)o 2ty vl dhe 1)

2 ODgpz SAH3t] AFTAHS A A EE AFH3I E. coli 100ul
2 300rpmo. 2 YA EFste] 1w PBSE 3|43 & HP UV/Vis Spectrop

hotometer(Agilent, USA)S & 83} 600nmeol| A

lo
o
o
ki
il
A
o2l
_0|L
8
)

i
)
g
)
M
kol
12
w
-
il
rlo
k1
N
p
“CD
(@)
()
()
<
Us)
2,
>
—_
o1
r-\u:
o
rio
o>
M
Ak
ol
ol
2
X
i

e kS Zeky] s B FE(wet weigh)S SAEEL AR
8

S A buffer(60mM Tris-HCI, pH 8.0, 500 mM NaCl) 300mfo] =91 3 %

79) Studier, F. W. (2005). Protein production by auto-induction in high-density shaking c
ultures. Protein Expression and Purification, 41(1), pp. 207 - 234.
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w3 A7 E ol g8 AEIAE FASAH(Amplitude 75%, 30x I/
1% Wzho & 15cycles). Al E3ka) NS 14,000xgo] A 2087+ A4 2] 3}o]
g Edoe] x3H §AEE Fste] 045 um oty kuH HAE &
s Eol outE HIFFErl 20mMo] HEE HUbedd. AZntE 1)
Z+ ol 30% ol grgo] w7 His60 Ni Superflow 4=#](Takara, Japan) 40m{
2 2493 ¥, 759 B buffer(A buffer, 20mM o]"|th&)S 282 &7}
ANA A ste] odges AAs, HPSAZHT. 2 & Ni-Superflow colu
mnel] FFZFEHo] xFE FH3 LS s o TAFH ]
A2 ¥ (Three way stopcock)S &3] FA o FFodgEdA o] FE3
Aol o] Fold F AEH {455 s C buffer(A buffer, 40mM
ol thE) S &8s £ 1

uffer(A buffer, 300mM ©]u|t}&)E 3 CV volumel & A A3}t

a1

Column Volume(CV, 600m¢) A3 % D b

Q) g9 > s441x
AAG FFZAYEHA AEFLS YA 9
desalting column(GE healthcare, USA)°o. & 4 3sle] PBS Buffer® * A 3s}

Atk A" @Y EAS FAWAZ7] (FDCF-12012, () L #H &, g=)

ro

& BAs7l fls PD-10

Aure] Yo F 2% -40C, ¥ S5Torr 2AA 548 3k, -40T
28 417Torr %

05T £x& L& =9 TAAXE IEsAY. FAg Aoz EUS
SDS-PAGE®} UV spectrometer(Agilent, USA), HPLC(Hawach, USA)Z

ol g3te] HF £rE Fdsnh

Aol A 30A1%E, -35T, 417Torro| A 2041t 25C74A] ®-F
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s |
L B PBS, Ph7.4 A&
| «———— A buffer E7HpH 8.0)
FomeaT| 50mM Tris-HC,500 mM NaCl)

| «——— B buffer
za 2o (A buffer, 50mM, O|O|CHE)

| C buffer A|& 15CV
(A buffer, 40mM, O|D|CHE)

zZd 8H
[ «———— D buffer A 5CV
= (A buffer, 40mM, 0| 0| CHE)
(|

[ «——— PD-10 & ZE
(PBS, Ph7.4)

(9) SDS-E&¢jetadoetv =75

gaolelEd e HES ety] flste] Laemmli (1970)¢] el whe}
0.1% SDSE ¥ 3%3sti= 4% Stacking geld} 129 dissolving gels A}-8-3} <]
SDS-PAGEE H &3}t Al 85 5x sample bufferE #H7pste] 100T ol
A 5EzE 7t F, Aol 587 13000rpmo. 2 P4 FElEte] FFas
=98k, HeF 160VE 1A17E &<k d7ldss APBeAth A7196 F

F5E Aol

o|\

Coomassie G-250 staining solution®. & QA3 o,

ERLTCS

80) A 71X (2007). E. colid %3t A %3 hybrid #|E}lo]= Hinnavin-MSH$¢] W&z EA].
St thekby whARE 9 =
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(10) HPLCE o] &%t

g

o
Sige=t

Waters 1525u Binary HPLC pump(Hawach, USA), Waters 996
Photodiode Array Detector(Gen tech, USA) 7]7] & Al838le] HZE AAW
o gEAE FHeth. gy Ed
(C18, 4.6+250mm, 5um, 110A) A#S A&,

Hatgieh B0 A8 gt

Ao += Phenomenex Gemini
Iml/min®] fF&o= &
< B (0.1%

3k 280nme}

4 A(0.1% TFA in H0),

TFA in Acetonitrile)o] a1, & 7]-& 2%/min o &

Fahlch.

7] 2

T

565nmeoll A &

2) AP EDY A <

)

delEdel Wapbd Al

RS Potns] glstel
A x=T o2 a-MSH

oFo} gkt

A AH(Aldrich, USA)<
Hodgd A &S

81) Aldini, G.et al (2018).
agent: the reasons why.

N-Acetylcysteine as an antioxidant and disulphide breaking
Free Radical Research, 52(7), pp. 751 - 762.
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(1) AlxEA = MTT assay)

HaCaTA 2 (Sigma, USA)E 1X10°/Wello] ¥ == 96-well plateo] 3 va}t
o] DMEM(Sigma, USA)ol vj 3ttt 2447+ & FBS(Sigma, USA)E
habA] & X2 wAF 3 4417 EoF starvationdt il ¥ Fo g E
Tl Agstdth. A 24243 § 5 mg/ml MTT (in PBS) A k& 4
L/well & & &4Fulg foil& 96-well plateE Y€ o] 4A 7 E<F Hje
MTT7F 395 =& st 4A7F 5 ZF wellol| A vj kol =] A 3kar, PBS
2 33 AF3 F 1509 Dimethyl sulfoxide (DMSO) (Sigma-Aldrich,

mlo ke

=

[

o

ﬂd
2

USA)Z o] Formazano] Z % =9 2= 9 & B-7F Plate shakerol] %
ek tk. 1 %, MultiskanTM GO Microplate Spectrophotometer(Thermo
Scientific, USA)& &43to] 540nm 3}3ol| Al &3 =(Optical Density) & =
Ao MEEA FrE ofgdow sk

A EXGAE (%)= (APt F3=/d 29 F35)x100

(2) 34r3t &3 4 (Anti-Oxidant assay)

A AEF HaCaTAHlE2E vacdgdE-RSY s=dz Ay Axs
NAC 1mMeo] Hzld SANzT+S 2z 1X10°/Wello] =% 96-well
plateo] 3} 3L, Hydrogen peroxide’} HZE%% 1ImMeo] HEE A8 s
o] 24X 7k Fot vk = A7) 71A® MTT Assayst 5d3 oz &3

L
a1

Ay
o
Ol

g 24390 $AT 2A0R 247 wgE Axel WAL AAT F
methylene blue 2% € N& 150u0 HF3Fo] 50T A 1087 G2 3 A A,
destaining solution(1% glacial acetic acid, 49% ethyl alcohol solution)®. &
150uE EF3te] 52 &b WA ¥ M8 Axe AE FE vl

T} 82)
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(3) Metd g% =4 (Melanin contents)

B16F10 4l % (Sigma, USA)E 10% FBS, 1% &4 47} &f% DMEM Hj
22 6wello] AA AEZ $(1X10° cells/wel) & ¥F38+9aL, 37T, 5% CO,
ItHlel g ol A 2443 i ds sAdELS AL EE wellol
ImM Y&y AL §53E I 2 (melanocyte-stimulating hormone:
a-MSH)#% dadgEdS sedz A FofFdvh. 2 % 37T, 5% CO
o QUFFHlolEloll A 7241 7F wjekdk % 1

N NaOH &< 300ul% = 2o
AEZ a8t 100CoA 308  Eok

#o HAgds &AL
400nm(405nm)ell A FFEE S48t &A1 A S Hepo] @
% =747] (Bicinchoninic acid assay: BCA assay)(Pierce, rockford,
USA)E ol &3] dild s s & wg vdd dapd s ALtskad

.

o] HaCaT cells¢] 3<¢=3 SEB-1 cells®] 3] x]&1] <o

82) Fex (2016). 2§ F%
2ol 3sk3] 2] 30(2), pp. 96-106.

v G sy

o
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1. E.coliolXx 2] FAIEA AR 2y @ &g

-

1) PCRS 53 vadaed 444 5% 2 229

e
X

vy EHS AgAs7] Y3 A epcA, cpcE, cpcF, Hox-1, pebS)
o} %3 vdmAL F2Ysty] Y3 WE (pET-Duetl, pCDF-Duetl, pAC

=
O
U
=
]
=
ﬂl
=
021
HU
Y
p
2
joEd
i
v
il

o] DNAWS 353ttt 343 DNAE A& ojAEg 71EE A8 Lig
ation At A& oAAEYE Fste] AP ERS LAY AT A=
tgl W= A A, pCDFduet-1-cpcE-F<1¥ 11>9° % pCDF Duet-1 W ¥
MCS19l cpcE9} MCS29 cpcF7F A4d At &4, pACYCduet-1-pebS-H
ox1l<z1¥ 12>9° 2 pACY Duet-1 Wl E] MCS19] pebSe MCS2¢] Hox-19]

o

Ad =, AR, pETduet-1-HT-cpcA<2® 13>0. 2 pET Duet-1 ¥H
MCS19] HT-cpcA7} A<= At
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<% 13> PCR % &% ¥ DNA size

PCR A4t 7] (bp) e /A

Linearized

3725 Vector
pACYCDuet-1

Linearized

3498 Vector
pCDFDuet-1

Linearized
5382 Vector

pETDuet-1
HT-cpcA 571 Insert
cpc-E 924 Insert
cpc—F 748 Insert
pebS 819 Insert
Hox-1 829 Insert
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==y, e

EcoN
Pla |
Acll
BstAP |

.‘ 17 promoter-1 .
Miul. lac operator T7 oter-2 Emita
acoperator - gsuag|
o Agel MCSs2
|
DTrlgmu | cpcF
—BsaA |l
i CDFDuet-1 ".I |-Bgl1
IH cpcE-cpcF ﬂ
My (5110 bp) Hl
Stol [/
Narl |/
Kas | |
BsaX |
real ; N
— T BspH |
_COF ori k. amnel
SarAl Neg!

<y 11> A% ¥ pCDF Duet-1-cpcE-F #Wg %

EcoM |
_r‘-f..r MCS1
1. BarG 17;.;1
Apal | - — pr
P EenD109 |
<, Bsuds|
4 ; Tih111 1
¢ 4 Mcs2
Bi.gall - Drd | =
\~Seal Hox1
 Mscl
toat pACYCDuet-1
pa 1—{
Ava | pebS-Hox1
Ena [ - {5313 bp) 1
M |4 I
Ecos?1-] [
Xbal ™ / Bpnon
Bsah |
e e
MNsp i 5'"01 } e _.-_tl:_gdl-?lll
= '\ 'Bstt1071
BssS1 gapy Meleak
SgrAl

<ad 12> Az% ¥ pACYCduet-1-pebS-Hox1 WE F+x
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Clal
| SaAl
Ems'l’"_ Ll e mem

’\I}nln HTQ’S:‘
=i ’ |
o % Mde |
'Loswl [Bain
EcoR WV
v | Fsal ek
roal - pETDuet-1 Nl -1
HT-cpcA 1 i
i
PspS il — [5913W] (? #?"u.'w
Bpuid i~ o

Sepl Bsﬂ.il_-m

<28 13> A)%3 # pETduet-1-HT-cpcA WE %
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2) NAHE B A71qA £

Az w3 wWE pETDuet-1-HT-cpcA, pCDFDuet-1-cpcE-F, pACYC
Duet-1-PebS-Hox1o] 4% FAAE 72 Zg~v) =9 T7 promoter=4-
B 28y 2de won % /¢ T7 promoterE 7}A 3 9+ E A (co—expre
ssion)o] QUTESIBIS) &AM FE FF<2 TOP10o| A ArE3le] &3 plasmi
d DNAE T7 terminator primer®} Duet down reverse primerZE A}-8 3}
Hho] Yol (F)el A5 d7IAE A4S FHsdT AVIAE A Ade
HT-cpcA <29 14>, cpcE <z1¥ 15>, cpcF <19 16>, pebS <19 1
7>, Hoxl <29 18>¢] 4YEtATH. DNA 974 olbld(A: =54,
B R(T: A, Frobd (G AAA), AJEA (C: stdA) oz UEyglon,
A ol gud qgds dEhlAT 2 A3 {1429 cDNA Aol Hio]
QYol=E E3to] AT FAxe] cDNA A E(x 9, B=A)3} AHEs dA
Stal, A7t ZYgsts Ao A de] NCBId F5€ wado] A4y
A3t AL NCBI9) BLASTE %s3sto] &detAth. %% cpcA ¢cDN
A7} Z9 st g Aol A do] NCBIo 55500 92l C-phycocyanin alp
ha subunit [Synechococcus sp. PCC 7002]¢] el ad x o3 100% < x| 3}
Ao <29 19> A %33 pebS ¢cDNAZ} Cyanobacterial Phycoerythrobilin
[Prochlorococcus phage P-SSM2]¢] iz A3} 100% A X s <
2 20> A F%3 Hox-1 cDNA”} Heme Oxygenase 1 [Synechocystis sp.
PCC 6803]¢] v d M A3} 9958% AXA|atAdvh. <z2d 21> 2% 3 cpcE

83) Sheng Wu Gong, Cheng Xue Bao (2019). Co-expression of lignocellulase from termite
and their endosymbionts. Chinese journal of biotechnology, 35(2), pp. 244-253.

84) Deguang Sun, Xiaonan Zang (2019). Cloning of pcB and pcA Gene from
Gracilariopsis lemaneiformis and Expression of a Fluorescent Phycocyanin in
Heterologous Host. Genes (Basel), 10(322), pp. 1-14.

85) Wu H, et al (2020). Production of l-ribose from l-arabinose by co-expression of
l-arabinose isomerase and d-lyxose isomerase in Escherichia coli. Enzyme Microb
Technol, 132, pp. 1-8.

_48_



cDNA7”} phycocyanin alpha subunit phycocyanobilin lyase, cpcE [Synecho
coccus sp. PCC 7002]¢] wrwla A3} 100% LA3FAT. <28 22> A=
%3l cpcF ¢cDNA7Z} phycocyanin alpha subunit phycocyanobilin lyase, cpc
F [Synechococcus sp. PCC 7002]¢] wrwi=d gz 100% LAttt <1
g 23>

x?E.-(_nEL ELI_ Jl_ 'LL, T f ]L LL L ELL (_1[_- LE(.- (_- ELLE L&‘.‘l ELG

VMMN\MMM /\’\mewwmw h

celral Ltblp scBccBr ﬁ'LLE‘L BealcafrekecheclarfceterinelrcBrelrcBr cB neBref ek

I wwwwm WJMMMMEW
w\ﬂfw NWWW*‘NWVJ\WW “MM\MW nwmm HMNMM

KFIEFFFF[ ol E:(" P'(_' FF ?T FF’TGP( (—' l_"Tg'l_'C'A'T("P'Tf' [T OCF r‘tf‘rr‘ﬁr E' LA FTFTFP'T("F'T
JﬁTE w\[\/\ﬁﬂﬂwmﬁ el WWWW fmﬂfﬂ
G N q:( G@ITvclu((*‘fEEf M'I:'GY'I ( IT'IELE.H‘i G ]GF‘IGF"IGFT GE{CF *GG IGEGTY{E*f ;

| »f\mmm ) Anmw\f\ﬂm it il

LhéJhEIGYLLy ((_-ex :f'[_ LL I EIIE’LG IL%"IJEILEL g(_ g&] L{AYJ(: G&]L%‘L L«LH\_.-?: i G

bl Al nmvmﬂl\nnWJ\f\ W‘/\W\M’U\M I\/Mﬂmﬂﬂﬂﬂ. il

Gé (_(_ IGEJIIFG E]L-rﬁ(_[-i IQELDE] J'f_-n L L[ f_ ;I:TG % ol & ;Gé l LKJELLJ}'L EL

/\A ﬁ: m«!\mﬂfmf\f\/v\nf\wbﬂ mﬂﬂﬂf\ MJ\'MJW i WMMV\A

<Z1¥ 14> pETDuetl ¥ e oA HT-cpcA FAAe] Ad HS
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‘Score Expect Method Identities Positives Gaps

Query 15  MKTPLTEAVALADSQGRFLSNTELQYLYGRLRQGAFALEAAQTLTAKADTLVNGAAQAVY 74
MKTPLTEAVALADSQGRFLSNTELQYLYGRLRQGAFALEAAQTLTAKADTLVNGAAQAVY
Shjct 1 MKTPLTEAVALADSQGRFLSNTELQYLYGRLRQGAFALEAAQTLTAKADTLVNGAAQAVY 6@

Query 75  SKFPYTTSTPGNNFAADQRGKDKCARDIGYYLRMVTYCLVAGGTGPMDEYLIAGVDEINR 134
. SKFPYTTSTPGNNFAADQRGKDKCARDIGYYLRMVTYCLVAGGTGPMDEYLIAGYDEINR
Sbjet 61  SKFPYTTSTPGNNFAADQRGKDKCARDIGYYLRMVTYCLVAGGTGPMDEYLIAGVDEINR 120

Query 135 TFDLSPSWYVEALKHIKANHGLTGDAATETNNYIDYAINALS 176
TFDLSPSWYVEALKHIKANHGLTGDAATETNNYIDYAINALS
Shject 121 TFDLSPSWYVEALKHIKANHGLTGDAATETNNYIDYAINALS 162

N

<19 19> HT-cpcA @4 Mo HE

Score Expect Method Identities Positives Gaps

Query 1 MTKNPRNNKPKKILDSSYKSKTIWQNYIDALFETFPQLEISEVWAKWDGGNVTKDGGDAK 60
MTKNPRNNKPKKILDSSYKSKTIWQNYIDALFETFPQLEISEVWAKWDGGNVTKDGGDAK
Shjet 1 MTKNPRNNKPKKILDSSYKSKTIWONYIDALFETFPQLEISEVWAKWDGGNVTKDGGDAK 6@

Query 61 LTANIRTGEHFLKAREAHIVDPNSDIYNTILYPKTGADLPCFGMDLMKFSDKKVIIVFDF 128
LTANIRTGEHFLKAREAHIVDPNSDIYNTILYPKTGADLPCFGMDLMKFSDKKVIIVFDF
Sbjct 61 LTANIRTGEHFLKAREAHIVDPNSDIYNTILYPKTGADLPCFGMDLMKFSDKKVIIVFDF 1280

Query 121 QHPREKYLFSVDGLPEDDGKYRFFEMGNHFSKNIFVRYCKPDEVDQYLDTFKLYLTKYKE 18@
QHPREKYLFSVDGLPEDDGKYRFFEMGNHFSKNIFVRYCKPDEVDQYLDTFKLYLTKYKE
Sbject 121 QHPREKYLFSVDGLPEDDGKYRFFEMGNHFSKNIFVRYCKPDEVDQYLDTFKLYLTKYKE 180

Query 181 MIDNNKPVGEDTTVYSDFDTYMTELDPVRGYMKNKFGEGRSEAFVNDFLFSYK 233
MIDNNKPVGEDTTVYSDFDTYMTELDPVYRGYMKNKFGEGRSEAFVNDFLFSYK
Sbject 181 MIDNNKPVGEDTTVYSDFDTYMTELDPVRGYMKNKFGEGRSEAFVNDFLFSYK 233

<% 20> pebS @A A A

of\
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Score Expect Method Identities Positives Gaps
500 bits(1287) 6e-179 Compositional matrix adjust. 239/240(99%) 240/240(100%) 0/240(0%)

Query 1 MSYNLASQLREGTKKSHSMAENVGFVKCFLKGVVEKNSYRKLVGNLYFVYSAMEEEMAKF 60
MSVNLASQLREGTKKSHSMAENVGFVKCFLKGYVEKNS YRKLVGNLYFVYSAMEEEMAKF
Sbjct 1 MSVNLASQLREGTKKSHSMAENVGFVKCFLKGYVEKNSYRKLVGNLYFVYSAMEEEMAKFE 6@

Query 61  KDHPILSHIYFPELNRKQSLEQDLQFYYGSNWRQEVKISAAGQAYVDRVRQVAATAPELL 120
KDHPILSHIYFPELNRKQSLEQDLQFYYGSNWRQEVKISAAGQAYVDRVRQVAATAPELL
Sbjct 61  KDHPILSHIYFPELNRKQSLEQDLQFYYGSNWRQEVKISAAGQAYVDRVRQVAATAPELL 120

Query 121 VAHSYTRYLGDLSGGQILKKIAQNAMNLHDGGTAFYEFADIDDEKAFKNTYROAMNDLPI 180
VAHSYTRYLGDLSGGQILKKIAQNAMNLHDGGTAFYEFADIDDEKAFKNTYRQAMNDLPI
Sbjct 121 VAHSYTRYLGDLSGGQILKKIAQNAMNLHDGGTAFYEFADIDDEKAFKNTYROAMNDLPI 180

Query 181 DQATAERIVDEANDAFAMNMKMFNELEGNLVKAIGIMVFNSLTRRRSQGSTEVGLATSEG 2480

. DQATAERIVDEANDAFAMNMKMFNELEGNL+KAIGIMVFNSLTRRRSQGSTEVGLATSEG
Sbjct 181 DOQATAERIVDEANDAFAMNMKMFNELEGNLIKAIGIMVFNSLTRRRSQGSTEVGLATSEG 240

<719 21> Hoxl ¥wid Nd AF

Score Expect Method Identities Positives Gaps
532 bits(1371) 0.0  Compositional matrix adjust. 268/268(100%) 268/268(100%) 0/268(0%)

Query 1 MSDWOMAEAWTLEEAIANIQQTEDTGKRY YAAWWFGKFRVQDERAVNALLAALKDETDRS 6@
MSDWOMAEAWTLEEAIANIQQTEDTGKRYYAAWWFGKFRVQDERAVNALLAALKDETDRS
Sbjct 1 MSDWOMAEAWTLEEAIANIQQTEDTGKRYYAAWWFGKFRVQDERAVNALLAALKDETDRS 60

Query 61  PDGGYPLRRNAAKALGKLGNLAAVQPLIESLESPDYYVRESAAQSLEMLGDRQAIPALQA 120
PDGGYPLRRNAAKALGKLGNLAAVQPLIESLESPDYYVRESAAQSLEMLGDRQAIPALQA
Sbjct 61 PDGGYPLRRNAAKALGKLGNLAAVQPLIESLESPDYYVRESAAQSLEMLGDRQAIPALQA 120

Query 121 LLAGGVAAAVKAEGKPHLVQPYEAVIEALGTIGATAAIAEIEPFLDHEFAKIRYAALRAL 180
. LLAGGVAAAVKAEGKPHLVQPYEAVIEALGTIGATAAIAEIEPFLDHEFAKIRYAALRAL
Sbjct 121 LLAGGVAAAVKAEGKPHLVQPYEAVIEALGTIGATAAIAEIEPFLDHEFAKIRYAALRAL 180

Query 181 YQLTQEAHYAEQLMEALNGNQLQLRRSALLDLGAIGYVPAGQAIAKAYAENSLKLISLKG 240

) YQLTQEAHYAEQLMEALNGNQLQLRRSALLDLGAIGYVPAGQATIAKAYAENSLKLISLKG
Sbjct 181 YQLTQEAHYAEQLMEALNGNQLOLRRSALLDLGAIGYVPAGQAIAKAYAENSLKLISLKG 240
Query 241 ILESHLQRTAETLDADGLQLLELMDSLL 268

ILESHLQRTAETLDADGLQLLELMDSLL
Sbjct 241 ILESHLORTAETLDADGLQLLELMDSLL 268

<2¥ 22> cpcE @i d M AT
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Scaore Expect Method Identities Positives Gaps

431 bits(1107) 2e-152 Compositional matrix adjust. 213/213(100%) 213/213(100%) 0/213(0%)

Query 1 MRSLISEPMTVDVLIRAVNNPTSAQDLVENVAQLAATKDEQAIPTLVEVLKFNNPGAAVA 6@
MRSLISEPMTVDVLIRAVNNPTSAQDLVKNVAQLAATKDEQAIPTLVEVLKFNNPGAAVA
Sbjct 1 MRSLISEPMTVDVLIRAVNNPTSAQDLVKNVAQLAATKDEQAIPTLVEVLKFNNPGAAVA 60

Query 61  AVNGLINIGEAVVPYLLENVDGYNYGARAWMLRIFAGIGDPRALDLLIEAANKDFAFSVR 120
AVNGLINIGEAVVPYLLENVDGYNYGARAWMLRIFAGIGDPRALDLLIEAANKDFAFSVR
Sbject 61  AVNGLINIGEAVVPYLLENVDGYNYGARAWMLRIFAGIGDPRALDLLIEAANKDFAFSVR 120

Query 121 RSAAKGLGNIQWHKVPDSEREVQQQKVCDCLFLALEDGEWVVRYGAIAGLEGLSQAIPEA 18@

RSAAKGLGNIQWHKVPDSEREVQQQKVCDCLFLALEDGEWVVRYGAIAGLEGLSQAIPEA
Sbjct 121 RSAAKGLGNIQWHKVPDSEREVQQQKVCDCLFLALEDGEWVVRYGAIAGLEGLSQAIPEA 180
Query 181 RKIVIKNKLTEFLTTEPEAAIRARIQKAILSLP 213

RKIVIKNKLTEFLTTEPEAAIRARIQKAILSLP
Sbjct 181 RKIVIKNKLTEFLTTEPEAAIRARIQKAILSLP 213

<9 23> cpcF @9 d d HF
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2. Ecolilx #@9 Az3 Wacdded vude u

rl (
NE

B A

1) E.colio] @mM=A 13 g9l

vz EAS] FHL 9t oA A F 39 WEHE BL21I(DE3)
of FAlo FHAAE AlA dFZANYEHAS T = E coli (PE-BL21(DE

3)e gxHs o PE-BL21I(DE3)S 3m¢ LB A Aujx]o] 3 ZzlEd @
WA wAL RN AaelYEAS HAsE Axe P T

71 Sl ARPER ODew® F788ka Ad=de FA43te] HP UV/Vis Spec
trophotometer (Agilent, USA)E &8&3to] FHE=FAHS el A=
<% 24>¢F #uvh 1 A3 M. A. Kacena(1999)89d Gt ¢} 7o) XA 7], A
71, AAZ), A7) AF AR E. cold]l 37 AHE B
AZ AR A ol F, 7letFFHor Frste 9AZ AA, 1847 o] F
Hapk A GAE vdetom AW ODw #& 2282 YERSTH

e EUY A HAFES FRlsty] flste] APER QA AE
2 43 &, SDS-Page ¢l A3} 19kDae] A)x3 wwzd v FgEY

o] HHE <oy 25> FAAsAnh. v o P EL L 65AFE TEo]
71 A #peke]l Hol REAAIZEE 2341210 S &0 S A

86) M. A. Kacena et al (1999). Bacterial growth in space flight: logistic growth curve para
meters for Escherichia coli and Bacillus subtilis. Applied Microbiology and Biotechnology,
51, pp. 229 - 234.
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Growth Curve

16

Time (hr)

12

<19 24> ODgy 3=

Expression

2 025 ) 35455565 7 8 M)

<9 25> SDS-PAGE 3] 39| €
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2) JIAHdELD & W&

HadgEeEde wde A &, diF wjd wjx ZYM-5052 Auto
induction8”g 5L )& w7 S ALg3) E. coli 3L E vk A A
g wgstel FFadelEdY BFS FEIF APNE (27 26) #5, H&
F AAREEINE o83 E cobim: WA 9t B AN (19 26) 53

2o g T H(Wet weight)S 54 22} oF 831g/Le g=axe] w0 g

B X va

(19 26) e w7 & ARESE 3L B w ek 2 E. coli v A

87) Rich auto-induction medium, <Cold Spring Harbor Protocols>
http://cshprotocols.cshlp.org (7 A: 2019.09.23)

_59_


http://cshprotocols.cshlp.org

3) dFdEA HA 4 % F

Hay v FogEde] AHE<9l HT-CpcAe N'-Zok BEo 9= His -
tage] 5A41& o]&3lo] IMACO & AHA A o™, 12% SDS-PAGE ¢l 24
W <9 27-A>9 2o g AP ERE Ni-NTA F3o] ZgEo] =il
300mM olmtpER §E3 A3 =& S22 AAV} He AS St
HE AA A7 FI3AYEDL Ecoli &5 T H(wet weight)dlv] HZ= &
Adzx 9@ I3 gEd FAe= Wt g9
e LT

A dadHEde] FF d9S &Qsr] flske] UV/Vis spectropho
tometerE ©]&3lo] 300nmol A 800nm7t#|] 73k 23 500nme] A 600nm
Abolol Al FFS stal, Ao R AL I EAF FASHASS 556nm

10.06mg/g % =2 AAAES

sgell A Hdl FFE shvh 1 A <ad 27-B>3 2o v A E
Ao & s £k A5 1058(A565/A280)9 =& £EAFE W
Ebu] A ot

88) Dongyu Gu, a.b, et al (2018). Purification of R-phycoerythrin from Gracilaria lemaneifor
mis by centrifugal precipitation chromatography, ] Chromatogr B Analyt Technol Biomed
Life Sci, 1087(1088), pp. 138-141.
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(A) WCL FT Elu ®) .

0.5 1
0.4 4 [

0.3 | .'

Absorbance (AL)

300 400 500 600 T00 800
Wave Length (nm)

<y 27> vFEAYEH AA P F3F ~HET

op

tSoz AAY vIAYEAY £5E AAs7] 9ol HPLCE o]
o]

o FHlEdt HEe 9de Ag F4

N
AN EAY S AAFgETE 280nmz &3 23} w9l peake] =i 974
0% % YESTh o] SDS-PAGEE E3le] #9l3 =& 5o Aye o
Aete welth wabad B Aol A g wwow Hu 97.40%° =L

SAGEAL JAT F &S ehdc

ey
Ht
Lo
©
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0.070

["RT | Area | % Area | Helght
0.060 1[11818] esz5| 029 489
2|1a373| a3e7| o012] se4
0.050 316500 30e7| o11] 219
E 419263 3162| o011] 244
S5 o040 5|22807| 2217| o08| 135
o 624535 4894| o018] 270
726038 oat0| o32| 4s8
& 0030
5 826008 40862 141] 3197
=z o|28.732 2817686 | 97.40| 45881
0.020
e 2 2 B
)
0.010 = 5 2 2
- < © @
- - = -
0000 —
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Minutes
0.030
RT | Area [% Area | Height |
0.025
[ 1] 29.252 | 474192 100.00 | 17362 | o~
)
o~
E 0020 o
c
5
w
8 0015
A
=
X 0010
0.005
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Minutes

<719 28> HPLCE o] &3 vFoglEd &% &<l

R. Rossano¥ 25g¢] FHZERE 15mge d#dgdEHS dria A
t}.89) Munier(2015)90)%= & %5 Grateloupia turuturu Yamada Zox HAE4

__ﬁ_
A W SR EHAS B3 AIoYEAS FEI A SEAF 289
(A565/A280) ¥ Ax =% 14lmg/ce] A I F:d g EdAL At} Dongyu

Gu(2018)9 = Gracilaria lemaneiformis 9| 4 Centrifugal precipitation chr

89) R. Rossano a, N. et al (2003). Extracting and purifying R-phycoerythrin from
Mediterranean red algae Corallina elongata Ellis & Solander. Journal of Biotechnology,
101, pp. 289-293.

90) Munier, M et al (2015). One-step purification of R-phycoerythrin from the red edible
seaweed Grateloupia turuturu. Journal of Chromatography B, 992, pp. 23-29.

91) Dongyu Gu, ab, et al (2018). Purification of R-phycoerythrin from Gracilaria
lemaneiformis by centrifugal precipitation chromatography. J Chromatogr B Analyt
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omatography WS Eato] HF 05mg/gE FFIA L, £EAFE 3.0A
565/A280) . 2 YEFSETE Tooley(2011)92= ) &++S o] &3 I EHS
sl HF 0.4mg/g(wet weigth)S Atz B3 33T}
2 Aol s W Tooley o] AtellA & &

2 10.06mg/g(wet weight)2] ¥ A2 3} 10.58(A565/A280)2]
A, 974%°] w=e TEE DAL o= HAFAR] WHOR IIdYEAS
Zote ZEY 2 £ 55 HAE S Ut dA Al A
=

5}8} o]

|

AW

>
>,
oo
i
rir
b
r o
1%
B>
rlr

2

%
o,
K
P

%
o
N
o
ofot

[CH) o

4

)
v FEu Aarh AT, FAM e AA] ehds A vt pH, &, Yo ofsir}
Beata Mysliwa Kurdziel(2014)9-& 3] siog]Ed M4 AL A8 Ay
dae e ERL AxsA Bad o pH 5~60A w4 Ao {A 5k
2 RAFYS AT s Ed 60~66TE |4 ¢S u g Ed
Aol mw ol YehA ket ZAirp JEhgth damdeede b
AL AUy gud Az NES B3 52 & Aol sy 3

= R AEFY AR AEE ¢ e AAAEe] gEREANTHS =

A

=

il

o
<

o -

b

Technol Biomed Life Sci, 1087(1088), pp. 138-141.

92) Aaron J. Tooley (2011). Biosynthesis of a fluorescent cyanobacterial C-phycocyanin
holo-a subunit in a heterologous host. PNAS, 98(19), pp. 60-65.

93) AAIZ (2007). AAAM AR =) 7|& T 2E7]5E, 20(1), pp.39-68.

94) Beata Mysliwa-Kurdziel, Katalin Solym051 (2016). Phycobilins and Phycobiliproteins
Used in Food. Industry and Medicine sci, 17(13), pp. 1173 - 1193.
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3. AAE vz ELDY FAAx X s NE v

TANZE Aol I FEA HFFH(LY 29-A)E AA Tl lppm,
Sppm, 10ppm, 50ppm, 100ppmo.& 3 4ste] Fied AAdE Wlagk 22
<138 29-B>¢} zZth 1 A3 50ppme HEHE s PaAe ey
FE7F EobAsE o I Fads vdede AS gl AAH o]
A S EYS S0ppm o] FER SFEA Mt As A5 B
A MER AL F JSS HAFET o] FA2(2013)%2 JAFor A

A A A Azt etk 18 A2008)9e AEe] AgEHE A

(A) Lyophilized (B) Phycoerythrin Solution
Phycoerythrin

| T

e & o W
= | doeEe

42nM  209nM 417 nM 208 nM 417 nM
(1ppm)  (Sppm) (10ppm) (50 ppm) (100 ppm)

g (

<19 29> BAAE @ AZF @Nd vmeldEde BEE A% vl

95) o7& (2013). oljae] MxsFFE FulAE 2L ASAE. FFUEDAA, 112, pp.
27-39.

96) U3, dala (2008). AAAG FEAF F AL Q@ 24 - GuFW ojde] /&
35S THOE, fﬂ%&‘.%@ﬂﬂ 40(3), pp. 243-250.
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4, Az vFdIded dude] otdA @ a5 HIL
1) MEXESAH7F(MTT assay)

MEEZAH 7= MTT A 9FE o] &3t =abM o =84 3-(4,5-dimethylt
hiazol-2-y1)-2, 5 - diphenyl-2H-tetrazolium bromide(MTT)E A3 A
i, Aol Axe WEFZE=ol e 5 Ehd] 98] Tetrazoliu
me] ring 7&7F #oAHA FANE we veE&A4de MTT Formazan
AR o2 FdEE dEE o] &eATID
4

o

AAE Axd @ gzoe]Edo gt AEEA w A= G
gat7] flal MTT A& Sal Q17 frel 9 F2d AE HaCaT A2
Agate] AxEAS Fstd. F49 £ <E 14>9 Zow ARE

el aezs <y !

=

w

(@]

\V

k9
i
i)
3\
2
29
G
[t
e
rlo
—

Q1

—

(@)
Qa1
(@)

hu|

100ppmol A Al E54 S 9SS s
B A AlEe] AEel 747 23%, 31% FAHALS FASAT o

Aol FaoPdEDS AF H EFFAd AEsRS W, 540 &S
o

(o]
0
28
38
o
e
[-'U
o
=
L
I
oyl
(=)
o
o
=
—_
o
=}
o
o
8
k]

AT AAMEZA hge]l 9ee HAFAG TH 1w I :of
JEAS FHF FFES ALY A5 F3 sl T Aee eh
oAt

97) MTT Assay for Cell Viability and Proliferation, <MERCK>
https://www.sigmaaldrich.com (7 24: 2019.11.0D)
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<3 14> HaCaT A XM I IEHS v5d AN} &4 =X
Abs. B
|50 Abs. 540nm g AL AEE (%) g7 | =% Iﬂéalu
josd| =2 3 =1 72 3
C 1080 | 10948 | 106883 | 1081 | 100000 | 100000 | 100000 | 100000 | 0000 -
PE1 | 11609 | 1061 | 1002 | 106 | 106612 | 9730 | HU6H | B3 | 620 0915
PES5 | 1178 | 1091 | 1079 | 1115 | 107521 | 100119 | 101947 | 1B1% | 3&6 028
PE10 | 1139 | 1188 | 1081 | 115 | 104041 | 10856 | 102249 | 1490 | 367 0119
PEX | 1399 | 12321 | 1369 | 131 | IR8102 | 1254 | 1R971 | 128326 | 926 00409
PE
10 1400 | 142% | 14233 | 1421 | 120397 | 130572 | 13449 | 13146 | 26657 00m®
p<0.05
150
*k e
&
Ulﬂ.l 100
K4
=0
il
B 50
0
1 5 10 50 100 (PPm)
oI E= * P<0.05
<78 30> HaCaT A :EoAe ymdaEAS v SAH7}
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2) 43t a3 4 (Anti-oxidant assay)

32

18l HaCaT A|ESo] 2F3} ~E # ~(oxidative
a1, A8 g8 7FA N-Acetyleysteine(NAC)S At %+
FEHS Ay MEFZ dluste] MTT Assay9t methylene

2

k)
iy
do
[-40
o
=
N

=
stress)E T
o2 I
blue stainings A3 Axel oigh g HFS AT g
AE <F 15>¢ zZow AnE yed gz <a9g 31>3 gk
HaCaT A X & WAibstr2(m,0,)2 Agstd AX Apdy) Al

o
b

2
o
e

AdstEAg o late] tixwellA AlEe] AEELS 62127% % YEbstt o
Astpie FEAET O R ARES A A Al NACS A A&
g AEYEES 867T%E T oz Hakstgsd o3 AstEgds W
Astdth AAE Axd @wd vz dEAS A%E lppm, Sppm A g
AR w AENELES ZHZ 74.460%, 75.216% = AbshEAl Whxlo= & 8
71 LA A 50ppm A B EE S w A EAEE ] 79.339%, 100ppm
A S-S E 80.484% 2 WEFNEAL, o= fFov|EtAl Ao E-e] L
oA gatst a9 5 YElW S HoFrh wEk Az w3510
YEAo] A3t 45 WA FAas 237 S5 HERATH

Kumar Singh(2014)99] Ato M= vlZdgEde] st ga& AY
3171 98kl Caenorhabditis eleganse] ¥ o8] E#(100 pg ml g A
3to]l Caenorhabditis elegans®] o] Eolui =38 AA = AdxE

98) A< (2015). HASFA(HO0)0 28] Fx8 A2 AAIHANET &4 g 7Ive
(Kinetin)¢] 32k3} &3} o}A] OF‘jﬂﬂ%%@}ﬂ, 13(1), pp. 59-64.

99) Raghav Sonani, R and Niraj Kumar Singh and Jitendra Kumar (2014). Concurrent
purification and antioxidant activity of phycobiliproteins from Lyngbya sp. AO9DM: An
antioxidant and anti-aging potential of phycoerythrin in Caenorhabditis elegans.
Process Biochemistry, 49(10), pp. 1757-1766.
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A AT Eun-Young Kim(2018)1009] ool e vz b d o ghalst
E97F JegthE d3E vig o v Ao e Edd A PBP 1-29F 7-9 pep
HAepol =7} A =lo] HepG2AlE£E PBPE A #std #alsty2s HAaA]Y)
I AshEeEA e HES I HAS Kol vAdeEde] il FdF

<3 15> HaCaT A XA e vzdaeEd wud HA3E(HO) A A

=%

A

n=1 | n=2 | n=3 n=1 n=2 n=3 ue
Hz0.- | 09418 | 09630 | 0.9545 | 0.953 | 10000 | 100000 | 10000 | 100000 | 0.000 -
HyO0+ | 06983 | 06047 | 06151 | 0639 | 74145 | 62793 | 64442 | 67127 | 6134 -

(NAC) 0.8478 | 0.3448 | 0.8427 | 0.845 | 90.019 | 87.726 | 83287 | 8677 | 1195 | 0.004

PE 1 | 07177 | 07031 | 0.7079 | 0.710 | 76306 | 73.011 | 74.164 | 74460 | 1617 | 0116
PE 5 | 07194 | 07132 | 0.7178 | 0.717 | 76.386 | 74060 | 70202 | /216 | 1163 | 0.083
PE 10 | 07278 | 0.7279 | 0.7467 | 0.734 | 77278 | 75587 | 78229 | 77031 | 1338 | 0.052
PE 50 | 0.7448 | 0.7570 | 0.7667 | 0.796 | 79.033 | 78609 | 80.325 | 79339 | 0336 | 0.027
PE 100 | 0.7576 | 0.7770 | 0.7667 | 0.767 | 80.442 | 80.685 | 80.325 | 044 | 0184 | 0.020

p<0.05

b
i
ey

100) Eun-Young Kim and Youn Hee Choi and Taek-Jeong Nam (2018). Identification and
antioxidant activity of synthetic peptides from phycobiliproteins of Pyropia yezoensis.
Int ] Mol Med, 42(2), pp. 789-798.

_68_



H,0, (1mM)

Phycoerythrin
(ppm)
H,0,(1mM)
100 e
é;i_
BD % * *
£ T
oju 60
K
20
i 40
=3
20
0
C C P.C 1 5 10 50 100 (ppm)
.l_l.l_zllu'iEiEE._l ‘P«:D.DS

<18 31> I EH A3 F A
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3) Mdd oA &% ¥4 (Melanin inhibitory assay)

AAE v g Ede] dWebd dAde wA= FFS K] 9@ mouse
melanoma cellQl BI6F108 A}&3lo] 23S st v zog Edo]
B16F10 Al 9] AE&ol v = &S Ldotr7] 9ste] MTT assay s &
3 MEEAS SASAY. F49 FAE <F 16> gow ARE UE

9} 7t} HaCaTAHE9 AxESA Ad Ao Y
3HAl 1, 5, 10ppme] v o E-NA A FESHAAL 98% = A FEHA L] o

Fe wA Fgth 1 F, Wehd 44 A &5 FASY] Al Ak
=

o] Axwoa Wald AL 20.04% AEAIL, 100ppme] ILE E ol A]
37.96% AU ol HAolEW] Wb WS AATE AAbstaL
nw g0l JeS WERAY webd 9o AyE B Aol AHAG I

FegE-e] H4ge] gla, mMEgsRs 7 HA 71 MAaRA 7HeA

d

-
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<3 16> BI6F1 Al ¥ A9 Iz YEHS Trd SAHN} =3 =%
Abs.
T oAEZ (9 _
P 51111(1)11 Abs. 540nm A7 AXE AEE (%) 2% | AR pu\éal
n=1 n=2 n=3 n=1 n=2 n=3
C 0.7283 | 0.7485 | 0.7070 | 0.728 | 100.000 | 100.000 | 100.000 | 100.000 | 0.000 -
PE1 | 07274 | 0.7177 | 0.7006 | 0.715 | 986 | B&H | 90B | W2 | 2115 | 0.29
PE D5 | 07256 | 0.7218 | 0.7226 | 0.723 | 9629 | 96433 | 102207 | 9423 | 2.892 | 0.763
PE 10 | 0.7216 | 0.7614 | 0.7221 | 0.735 | 99.080 | 101.722 | 102136 | 100980 | 1.658 | 0.414
PE 50 | 0.7175 | 0.7920 | 0.7513 | 0.754 | 9517 | 106812 | 106266 | 103532 | 4.349 | 0.29
PE 100 | 0.7387 | 0.7667 | 0.7609 | 0.755 | 101.723 | 102432 | 107.724 | 103828 | 3.326 | 0.184
p<0.05
120
~ 100
X
L
Ou 8o
K
20 60
IH
< 40
20
0
' 1 5 10 50 100 (Ppm)
o302 ER
<718 32> BI6F1 Al FoA 9 I YEHY Tl EAHI} £33 &%
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<F 17> BI6F1 AlXZo|A ¢ daoglEA e dAaetd P4 A&
T =R
2 (O £ (OB 53mm) %E(}l;‘éﬁg?@
a-MSH- | 0.130 | 0.131 | 0.132 | 0220 | 0216 | 0218 | 0593 | 0610 | 0607
a-MSH+ | 0263 | 0.266 | 0269 | 0.180 | 0186 | 0183 | 1466 | 1430 | 1470
KA ) 0176 | 0175 | 0180 | 0195 | 0.198 | 0196 | 0903 | 0888 | 0917
(100ppm)
PE1 | 0242 | 0242 | 0257 | 0194 | 0196 | 0195 | 1252 | 1241 | 1322
PE5 | 0247 | 0241 | 0224 | 0193 | 0191 | 0192 | 1277 | 1261 | 1.169
PE 10 | 0228 | 0.221 | 0225 | 0194 | 0195 | 0194 | 1176 | L1139 | 1162
PE S0 | 0222 | 0211 | 0212 | 0192 | 0189 | 0191 | 1160 | 1159 | 1114
PE 100 | 0229 | 0228 | 0224 | 0204 | 0200 | 0202 | 1124 | 1146 | 1.114
R ekl B AlE ot iRy p-value
(%)

(10%15%@ 6446 | 6609 ) 6401 65.051 1.469 0.000
PE 1 | #0202 ) 1705 20.0430 4221 0.021
PES5 | 2083 ] 2059 ) 3480 27,6973 10.044 0.060
PE 10 | 34 | B0 | B 35.5580 0.142 0.000
PE 50 | BT | 302 | 412 37.1404 5819 0.012
PE 100 | 2922 | 3467 | 4Lz 37.9620 4644 0.007

£<0.05
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ABSTRACT

A Study on the Natural pigment Protein
Phycoerythrin

Bobin Kim
Depart of Clothing
Graduate School of

SungShin University

Recently, interest in natural pigments is increasing that can replace
artificial synthetic pigments. Unlike artificial synthetic pigments, natural
pigments have low toxicity to the human body and less side effects on
the skin. They also have antibacterial, anticancer, and antioxidant
functions. However, they have limitations such as reproducibility,
problems of standardization, instability of raw material supply, and
expensive raw material costs. Among natural pigments, phycoerythrin is
a representative pink pigment. It is one of the brightest pink pigments in
nature. A typical method for extracting phycoerythrin pigments is to
extract from red seaweed with an organic solvent such as ethanol.
However, because of the reproduction of spores, various spores exist in
the seaweed and it is difficult to extract only from the same group of
seaweed, which makes it difficult to maintain a uniform pink -color.

Therefore, the purpose of this study is to examine the safety and
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functionality of expressing phycoerythrin by protein recombination
technology, and then to figure out the replaceability of phycoerythrin as
a commercial pigment by comparing the artificial synthetic pigments
with the surface coloration

The experimental method of this study is after transforming
Escherichia coli using cDNA genes of Hoxl, pebS, HT-cpcA, cpcE,
cpckF, which are responsible for phycoerythrin biosynthesis and
PACYCDuetl, pETDuetl, pCDFDuetl, which are DNA transporter
plasmid vectors, and to perform SDS-PAGE and to confirm whether the
expression of .phycoerythrin is well performed. After the expression of
phycoerythrin protein was confirmed, the phycoerythrin expressed therein
after culture was purified through IMAC using a mass culture fermenter.
To test the safety and functionality of phycoerythrin, cytotoxicity test of
MTT assay was performed, and antioxidant efficacy test of Anti-oxidant
Assay and whitening efficacy test of Melanin inhibitory assay were
performed. After lip gloss containing phycoerythrin and artificial
synthetic pigments was made, L*, a*, and b* values were compared and
analyzed using a spectrophotometer.

First, as a result of the expression of phycoerythrin using phycoerythrin
biosynthesis enzyme and vector by recombination technology, and
measuring the weight of water through mass culture, approximately 8.31
g/L of E. coli was gathered. As a result of purification of phycoerythrin in
E. coli, a purification yield was 10.06mg/g of E. coli and the purity was as
high as 97.7%. The extracted phycoerythrin showed maximum absorption

at a wavelength similar to that obtained in nature.
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Second, MTT test using HaCaT was conducted to confirm the effect of
purified phycoerythrin on cytotoxicity. As a result of the test, there was
no cytotoxicity. Rather, the higher the process concentration, the higher the
cell viability.

Third, as a result of performing an anti-oxidant assay to see if purified
phycoerythrin is capable of removing active oxygen as an anti—aging
material, H202 concentration was removed at a high concentration.

Fourth, as a result of performing a melanin inhibitory assay to confirm
whether phycoerythrin is possible as a whitening material, phycoerythrin
inhibited melanin synthesis in a concentration—-dependent manner and had a
whitening effect.

Fifth, in order to confirm whether phycoerythrin has possibility on
commercialization as a pigment, a lip gloss was made and was compared
of surface coloration with that containing artificial synthetic pigments. As a
result, there was little difference from the lip gloss containing artificial
synthetic pigments.

To summarize, it was confirmed that the production of phycoerythrin
natural pigments protein using genetic recombination technology is similar
to that of naturally extracted phycoerythrin protein. The separated and
purified phycoerythrin protein has no skin cell toxicity and has antioxidant
and whitening effects, suggesting the possibility of Dbeing a
high-performance anti-aging natural material that goes beyond simple

natural pigments.
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