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Extensive research was carried out for inhibition of melanin formation as development of whitening cosmetic ingredients. But
degradation of melanin itself was not intensively pursued as development of cosmetics. In this study, novel melanin
degradation enzyme was developed and characterized. Also this enzyme production process was optimized and formulation

was tried using micro encapsulation technique.
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Start voltage | End voltage | Set time | Temperature
Step 1 VY 250 V 15% 20C
Step 2 250 V 8,000 V 1A ZF 20C
Step 3 8,000 V 8,000 V. {20,000 V - hr 20T

99 2HOZ PG stripg o] &3} pIghe] Aolo} ol
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st el A7) ot 2x EElE A

Korean J. Biotechnol. Bioeng., Vol. 22, No. 1

chel A sequenceol] ©]3} degenerate o)™ A 5‘: i
A gnE A8 dehd ¥ £49 4AEQ v
O SAx MEL BAE] 93t 12% SDS-PAGEE ©]
£3te] A e Ay 93 F3 ¥ Hofferrle] B=
2) transfer systemS ©]-&3}a] PVDF membraneo] TS
transferd} 4t Acetic acid7} X 3EZA] &&  coomassie
brilliant blue (CBB) 48 AAl31, Acetic acid7} E&
%2 92 50% methanol £ 082 B Fo FME ©
92 NSE e BANS dPsQc dRr2RR Y
THoA Yol Niterminal AE #4& dFRoH,
SRFQSLLTFI®| 27 2 4 Yt

Wed BELY FAAE 7] 93 AEFE NS
FASE AXEDLE o] 83t FH Ut RNA prep kit
Z o] 83l T H celld] ] RNAE o1, RT-PCR kit
2 ol43}) DNAE AT F o1& FYo s 9l
A FAE primerg ©]&3l PCRS 33 STE PCRY
Z74& 1 X Pfu buffer, 02 pM forward primer, 0.4 pM
Reverse primer, 0.2 mM dNTP, 1 @ RNA, 2.5 U PuE A
AFRFH7E 100 w7t 55 33, 94T 54, 25 cycles
(94C 18, 50T 1%, 72T 28), 2T 5802 PCRE 3
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Potatose (potatose Dextrose broth, sigma (24 g/L))

MDP (malt extract 20 g/L, glucose 20 g/L, peptone 1 g/L)

MP (malt extract 20 g/L, peptone 10 g/L)

M (malt extract 30 g/L)

YM (yeast extract 3 g/L, malt 5 g/L, Peptone 3 g/L,

glucose 10 g/L)

YPD (yeast extract 20 g/L, peptone 10 g/L, glucoes 20 g/L)

YMPD (yeast extract 20 g/L, malt 10 g/L, peptone 10 g/L,
glucose 20 g/L)
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CuSOy + 5H,O 0.002%, ZnSO, - THO 0.001%, MuSO, - 4H,O
0.001%, 2,2,-Dimethylsuccinate 0.4% 100 ppm Thamine-HCI
Biotin 2 mLo|glTh. 108 ¥% ¥ ®ald B 84¢ =
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1) ammonium tartrate 0.8%
2) ammonium tartrate 0.4%
3) ammonium tartrate 0.04%
4) ammonium tartrate 0.8%
5) ammonium tartrate 0.8%
6) ammonium tartrate 0.4%

: glucose 4%
: glucose 4%
: glucose 4%
. glucose 6%
: glucose 2%
. glucose 2%
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of 454 100 <& E3H3 &, 5 mMe] ABTS (2,2 7 -azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid)) 100 & 3 7}3l1 &3
BEAE o] &8t 405 nmo A FHEE A&k

S AE wjdAS 4T 20,000 xgol A 30%7E YAE
s A5AE AFAY ¥ BHoR ANRYHA
#3 J594-S 10,000 molecular weight cut-off membrane-

o83t 10M] FFSATE 1 F Bed AL BAE

$3td Amersham bioscienceA} 2] Sephadex G-505 ZIgH
column (5 x 50 cm)-& o] &3l §4 4 Sm/hE 4CA]
gel filtration chromatographyE 3t HTh. A WA GA QY
gel filtration chromatography®] buffer2+ 0.1 M potassium
phosphate buffer, pH 745 A}8-38}] fraction B2 3|3}
o ol@A 498 fractiond 2 ABTS A5} awo] o3
Mad BHEce] B4 WAL, Wahd B A
o] & fractiong RTF FHIAH 1 F GAd 2T ¢
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AZE Bt AAF wukste wWAES HAAAIZl F 4T
20,000 xgol 4 30&7F AAEE ot J¥A gliAdS &
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phosphate buffer, pH 7.40] @2 S 43 =Hoh

olZ7 ol AEFY FE AATY] A3l Cell-Sep
AFe} T1 dialysis membrane MWCO 3,5002 o83}l 0.1 M
potassium phosphate buffer, pH 74% 4T cold chamberof A
W HFEA A buffers 23] w@ste] FHA overnight 2 3}
Hrl.712]1 Jon exchange chromatographysS 71383t H =H)
Ist DEAE Column chromatography= 0.1 M potassium
phosphate buffer, pH 74% % &3}¥ HiPrep 16/10 DEAE
FF column-g o]&3td <% 3 mlmindlA HAE 3Pt
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buffer, pH 7482 H¥3¥ CM FF columng o|&3ld fF<&
3 mimind| A AAE FP5Ytt. CM columno)] S Z3}%]
F31 E2 ) sampled] t)3}a] 2nd DEAE chromatography
2 4339 th 222 Ion exchange chromatography =
2nd DEAE Column chromatographyE 23§33\t 0.1M
potassium phosphate buffer, pH 742 ¥ 3 3l¥ HiPrep 16/10
DEAE FF columng ©]&3o] §4 3 mimindx] HAES
803l H ). Elution buffer2 A71¢] bufferd] 0-03 M2
NaClo] ¥ 3% bufferS =T 78] £ buffer® ©]-83}9
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Scale-up

5 L fermenterv= b2 vlUdL B3] HH A A E
ARESEAT RS 2L 24U @A Y-S ammonium
tartrate 0.4%: glucose 2% AFE3R L, v FHPL (KHPO.
0.1%, MgSO4 - TH:O 0.05%, CaCl; - 2HO 0.01%, FeSO, -
TH,0 0.01%, CuSO4 - 5SH,O 0.002%, ZnSO, - 7TH,O 0.001%,
MnSQO, - 4H,O 0.001%, 2,2,-Dimethylsuccinate 0.4% 100 ppm
Thamine-HCl Biotin 2 ml/L)E& H7}3t1 7)o yeast
extractE 0.1% 3713+ 8 X 5 L fermentero) 283} o
Gd wAEid ¥HS RIA ARY AGuAE
working volume 3 L& B Y3tFoy, AT A 547
NG F seeddFAAT. FH pHE QA APolN A3
pHZ AAH pH 50 - 55& %X]é'i]—?i_l_, 3 N NaOH, 3 N
HClIE o]-§3tq Zdson, aftEEE 120 rppmo] ).
o 94 HFHs A —4311 %*01@ 24-26TCAM 7AZx
TAFZFol E o7} ez F7F g2 25TE &4
7=

Main fermentationo] A]Z}E A|ZH o ZHE] 96A|7Fo] A}
S Al oA 2002 =3 HE wjAE 5 L fermenterol
dumpsle] W Fo AFE wjdS HAISHI, o kA
TEY 8RS LolEY] 9de LFEE 4)\7}/“2 AT
sl wlgatdch & AW 23 0 A9 viA 205
38314 500 L fermenter=Z 9] Scale up A ¥ L33 ch

2.2+ 500 L fermenter A¥-S R3¥31¢ic). 500 L
fermentere] B L (F)Pulo) L (AH]: ko biotech, 500
DolA 43< ey 7124 mixza ¢ wdzae
5 L fermemter WS 53] H23l€ datag A}8-dld 3y
AT HAY AL FdaYd ©@2¢9L  ammonium
tartrate 0.4%: glucose 2% AFE3l¥, T HUL (KHPO,
0.1%, MgSO4 - TH,O 0.05%, CaCl, - 2H,O 0.01%, FeSOy -
THO 0.01%, CuSOs4 - 5SH,O 0.002%, ZnSO, - 7TH,O 0.001%,
MnSO; - 4H,O 0.001%, 2,2,-Dimethylsuccinate 0.4% 100 ppm
Thamine-HCl Biotin 2 mlL)E H7}3t1 «7]9] yeast
extractE 0.1% A7}3t v XE 500 L fermenterod]| 283}
detd ZFEAY dF AdE =R TA SRt FF
Wl A2 working volume 300 L& #je3lgon, 50 L
fermenterol]| A working volume 30 LEZ S5UZF ¢ & seed
AE34hth. #59 pH 5.0 - 555 3 N NaOH, 3 N HClIS
o] &3t FAHoH, wWRtEEE 100 pmo]1l, 25 &
25CoA vfstdTt. 5 L fermenterd| A A3 @ 2R L
%943} main fermentationo] AlZE A|HO ZRE 49 (96
AlZhol At Ao A 2082 w53 B #A] 15 LE
500 L fermentero} dump 3}l A F7F9 TiE% vjeks A
A&t T,
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Hepd 2ol §4-9 formulation

Ay HELE EgHOZ UR2 AVAY 98
a] 50-100 nm = 7]E encapsulationS A A SFH T

Aold e a4 9] Solubility test (DMSO, Acetone, Ethyl
Acetate, Ethanol, DDI Water, MC)&= %9 A DMSO<2} MCoq

A 2 oko] Zgtth MCY DMSOd %3S wWr &

4“%01 Zo] HHth MCY DMSO9] o2 {318, HH
7} micelle formationS ©]-&38] 4] Encapsulation 73} 3} ).
3132 & 1% 9] mPEGSK-PLGA2K 20 mlE water phase
2 AF£3t1 PLGA 02 g3t dHatd Es845 =< 10 ml
9] MCE Oil PhaseE A}£3l 33t & 500 mle] water
& ¥olFa FAAT

Micelle Formation& mPEG5K-PLGA25KE o] &3l 1.
DMSO 10 ml + DMF 10 ml + mPEG5K-PLGA25K 0.015 g
+ dAgtdi2sasd, 2. DMSO 10 ml + DMF 10 ml +
mPEG5K-PLGA25K 0045 g + WU E3| a4, Dialysis

membraned] B FAL X3} micelle formationS Z3)3}

A},
2o @ o

ARF FES2RE AT "ad Bilsso 2
9 Foll s test

2ehd Esiee #As] Astd gdes B
o A E -TeréH gto} A2 Fao) HlF ede 2
d B B4l 3~5u) o F5< AU °E A
Q suA 4EL 2 Az 10w 5T F B3
=2 H w9 HIESAH. o] AR FA e 7
FEO Hd FeheA oF suf =& gaES ETh

Decoloritation rate(%)

Cell lysis supernatant Supernatant Supernatant

Concentration 10X

before Conc¢entration
sample

Figure 1. The resolution test for the crisis of the melanin breakdown
enzyme.
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Standard melanin €]
detde] 485
218t sepia melanin¥} synthetic melanin-g 7]|AZ 3}
AEE FASAT F JEA deide] g £
EABAGY zole AY gle ALZ FHlgod
oMo F£E L synthetic melaning ©]-£-3} 4T}
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2457 A% ¥
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Decoloritation rate(%)
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Figure 2, Stability test of melanin breakdown enzyme pH.
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Figure 3. Temperature stability test of melanin breakdown enzyme.
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A Kind of melanine

Figure 4. Decoloration rate comparison test of the kind of standard
melanine,

melaning & & €8st dpd BEIEH =
849 4 1A melaning] FE=E HIA

=

i i
o 1ir

A
A

p——]

Decoloaritation rate(%)
[
[

melanin
100ppm

melanin melanin
10ppm H0ppm

melanin
200ppm

Melanine concentration

Figure 5. The breakdown enzyme active measurement test which
melanine follows concentration,
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Figure 6. The breakdown enzyme active measurement test which
melanine follows at hour.
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3t  Amersham bioscienceAl 2] Sephadex G-502 =73
columng ©]-8-3}% gel filtration chromatographyE 33}
t}. 0.1 M potassium phosphate bufferE A}8-3}od fraction
HE FRAN, ol#A FH3 deds fractionEE
dhd 2ol @AS ZAAAT. WY Bal BAol 3k
7Hg & fractiond T8t (NHi):S0.& o] &3t &y
AL ZHAAZ] & 29 potassium phosphate bufferd] =

¢l & Cell-Seprle] T1 EA kS 0|83l ovemnightsl] &

gl 235 §A9°] characterization
2D-gel-& o] &3 pl T Hd Eaie B F4E

3l(ch AAE samples U4 SE PROTEAN IEF Cell
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(BIO-RAD)E ol§3to] pl gol 9@ wulde Eeojsta geid BalEAd FHA F5E A% POR AL 1%
detd B 248 5AS 7HE 43 dad BEk agarose geld] A719% 43 FAAE 5T F+ AU
ES 247 £ U, o] F A B as pBluescript 1I KS+#¥E{¢] Sma I AFELE 23}
pl 42 ¢F 6.50]11 Molecular weight & 2F 54-57 kDag)-$ PCR 258 F33HT
A
1600 bp <« Melanine gene
1200 bp
Figure 7. pl estimate measurement test of the melanin breakdown Figure 8. Capillary electrophoresis outcome goods of melanin
enzyme which 2D-gel uses. breakdown enzyme relation gene.

@l d sequenceo] 21§ degenerate Tzfo|m A T K gold Wwald B9 sequence FHE 95t E=
A BHE 27|20 A YA F YA Ao N- Y WE]Z T7 primer binding site®} KS primer binding
terminal A g B9 A3E EUE 3o degenerate primer site®] unverisal primerE o] &3t FHA AEL EAEY
€ PAstglen, FAE primerd) M EL Table 19 vtet  2p), o] AR “@WMAY MES & g UMH L4 ¥
W 2Aek. $87 A9 gud NS Table 2, 3o e STk

Table 1. The synthesis order sequence due to degenerate primer protein qualities

O TCN CGN TTY CAR TCN CTN CTN ACN TTY ATH
@ AGY CGN TTY CAR TCN CTN CTN ACN TTY ATH
@ AGY AGR TTY CAR TCN CTN CTN ACN TTY ATH
@ AGY AGR TTY CAR AGY CTN CTN ACN TTY ATH
& AGY AGR TTY CAR AGY TTR CTN ACN TTY ATH
® AGY AGR TTY CAR AGY TTR TTR ACN TTY ATH
@ AGY AGR TTY CAR AGY TTR TTR ACN TTY ATH
WSN MGN TTY CAR WSN YTN YTN ACN TTY ATH
Reverse primer TTT TIT TTT TTT TTIT TIT TT

** R=A+G, Y=C+T, M=A+C, S=G+C, W=A+T, H=A+T+C, N=A+G+C+T

Forward primer

Table 2. Gene sequence of the melanin breakdown enzyme

TCGAGGTTCCAGTCGTTGCTTACCTTCATCACCATCTCCCTCGTCGCGGTTGCTCATGCGGCGGTTGGCCCTGTCGCCGACCTCACCATCACCGACGCGGCGGTCAGCCCTGA
CGGTTTCTCTCGCCAGGCTGTTGTGGTGAACGGCGTCACCCCTGGACCGCTCGTTGCGGGCAACATTGGGGACCGCTTCCAGCTCAACGTCATTGACAACTTGACGAACCAT
ACCATGCTCAAGTCGACCAGTATCCACTGGCACGGCTTCTTCCAGCATGGCACGAACTGGGCTGATGGTCCGGCGTTCATTAACCAGTGCCCTATCTCTCCTGGGCACTCGT
TCTTGTACGACTTCCAGGTACCTGACCAAGCCGGTACCTTCTGGTACCACAGTCACTTGTCGACCCAGTACTGTGATGGTTTGAGGGGCCCCTTCGTTGTCTACGACCCGAA
CGATCCCCATGCCAGCCGCTACGACGTCGACAACGACGACACGGTCATTACTCTGGCCGACTGGTATCATACCGCTGCCAAGGTACGGTCCCCGGTTCCCGTGGTCGCCGA
CGCCGTCTACATCAACGGCAAGGGCCGCTTCCCAGTGACACTACCGCCGAGCTGTCGGTTGATCAAGGTCACGAAGGGCAAACGCTACCGTTTCCGCTTGGTCTCGCTGTC
ATGCGTCCCCAACCATACCTTCAGCATTGATGGTCACAACTTGACTATCATCGAGGTCGACAGTGTCAACTCCCAGCCGCTGGAGGTTGACTCCATCCAGATCTTCGCGGCG
CCACGTAACTCCTTCGTGCTGGATGCCAACCAGGCCGTCGACAACTACTGGATTCGGGCCAACCCCAACTTCGGAAATGTTGGATTCGACGGGGGTATCAACTCGGCCATC
CTGCGCTATGACGGCCGGCCCGCTGTCGAGCCCACCACGAACCAGACTACCTCCGTTAAGCCGCTGAACGAGGTCGACCTGCACCCTCTTGTCTCTACCCCGGTGCGCCGC
AAGTCCTTCGTCCGGAGCGTGACAAGGCGATCAACATGGCTTTCAACTTTAATGGCTCCAACTTCTTCATCAACGGCGCCAGTCGTCCCGCCCACCGTGCCTGTCCTCCTCC
AGATTCTCAGTGGTGCCCAGACGGCGCAGGACCTCCTGCCCTCCGGCAGTGTATACGTCCTTCCGTCGAACGCGTCCATTGAGATCTCGTTCCCCGCTACCGCCGCCGCCCC
TGGTGCTCCCCATCCCTTCCACTTGCACGGTCACACTTTCGCTGTTGTGCGCAGCGCCGGCAGCACCGTGTACAACTACGACAATCCCATCTTCCGTGGCGTCGTGAGCCCA
GGTACCCCTGCAGCGCGAGACGTCACCATCCGCTTCGACACCAACCAACCCGGCCCGTGGTTCCTCCACTGCCACATCGACTTTCACTTGGAGGGTGGCTITGCGGTCGTCA
TGGCTGAGGATACTCCGGACGTACAGGCTGTCAACCCCGTTCCTCAGGCGTGGTCCGACCTGTGCCCGACCTACGACGCGCTCGACCCCAACGACCAG

Table 3. Protein sequence of the melanin breakdown enzyme

SRFQSLLTFITISLVAVAHAAVGPVADLTITDAAVSPDGFSRQAVVVNGVTPGPLVAGNIGDRFQILNVIDNLTNHTMLKSTSIHWHGFFQHGTNWADGPAFINQCPISPGH
SFLYDFQVPDQAGTFWYHSHLSTQYCDGLRGPFVVYDPNDPHASRYDVDNDDTVITLADWYHTAAKVRSPVPVVADAVYINGKGRFPVTLPPSCRLIKVTKGKRYRFR
LVSLSCVPNHTFSIDGHNLTIIEVDSVNSQPLEVDSIQIFAAPRNSFVLDANQAVDNYWIRANPNFGNVGFDGGINSAILRYDGRPAVEPTTNQTTSVKPLNEVDLHPLVST
PVRRKSFVRSVTRRSTWLSTLMAPTSSSTAPVVPPTVPVLLQILSGAQTAQDLLPSGSVYVLPSNASIEISFPATAAAPGAPHPFHLHGHTFAVVRSAGSTVYNYDNPIFRG
VVSPGTPAARDVTIRFDTNQPGPWFLHCHIDFHLEGGFAVVMAEDTPDVQAVNPVPQAWSDLCPTYDALDPNDQ
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Figure 9. Activity of the melanin breakdown enzyme test which it
follows in composition medium type.
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Figure 10. Activity of the melanin breakdown enzyme which it
follows in restricted medium type test. Medium condition (1)
ammonium tartrate 0.8% : glucose 4%, 2) ammonium tartrate 0.4% :
gluicose 4%, 3) ammonium tartrate 0.04% glucose 4%, 4)
ammonium tartrate 0.8% : glucose 6%, 5) ammonium tartrate 0.8% :
glucose 2%, 6) ammonium tartrate 04% : glucose 2%).
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Figure 11. It followed in melanin breakdown activity yeast extract
effect test.
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Figure 12. The cultivation hour test which it follows in activity of
the melanin breakdown enzyme.
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Figure 13. The optimum cultivation temperature test which it follows
in eumycetes growth.
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Figure 14. The cultivation medium test which it follows in
eumycetes growth optimum pH.
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Figure 15. Active color reaction of melanin breakdown enzyme test.
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Figure 16. The purified Melanin breakdown enzyme analysis that
used 12% SDS-PAGE.
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Figure 17. Eumycetes peak concentration cultivation test which it
follows at hour.
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Figure 18. Encapsulation test of Melanin breakdown enzyme.
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