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Optimal Culture Conditions on the Tyrosinase Inhibitor Production by Actinomycetes F-97. Byung Ho
Bang, Moon Soo Rhee, Jin O Kim® and Dong Heui Yi**. Division of Food Science, Eulji University, 212,
Yangji-dong, Sujoung-gu, Sungnam-si, Gyeonggi-do, 461-713, Korea, 'Korea Research Institute of Bioscience and
Biotechnology 52 Eoeun-dong, Yuseong-gu, Dacjeon 305-333, Korea, *Department of Microbial Engineering,
Konkuk University, 1 Hwayang-dong, Gwangjin-Gu, Seoul 143-701, Korea — A Actinomycetes F-97 produc-
ing tyrosinase inhibitor was isolated from soil samples. The optimum culture condition for tyrosinase
inhibitor production was investigated and the results were as follows. The best carbon source for ty-
rosinase inhibitor production was shown as soluble starch, the optimum concentration was 3.0%. The
best nitrogen source for tyrosinase inhibitor production was shown as peptone, the optimum concen-
tration was 0.36%. As effect of metal ions on the production of tyrosinase inhibitor, K;HPO; was
shown the best and the optimum concentration was 0.1 mM. The optimum pH and temperature was
shown 7.0 and 30C, respectively. And the highest tyrosinase inhibitor production was observed at 70
hr cultivation under optimum conditions in jar fermentor scale.
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Tyrosinase A&} B4+ FF2 A¥L 95to] 100 ml 4+
7} flasko]] Table 19] 7] Euj A (A A ) 2))E 20 mI¥ BF3}
T 121Co A 15587 7heF HEFa & &4 Hid gae
o] JFste] 30ToA 447 180 rpmoj A Zgtu¢
Aot Wi & ujkelS& 71EFo](Whatman No. 2)&
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My 2F0| Zx} S AE B BE
EAREY HIFTE Table 19 AUE ARNA(O15

mm test tube)o| A 30T, 77 ¥l %3 F 1% glycerolo] H
7HE AdS 3 mlE ¥ UFole IAE g T o 10
=3 25704 A Az EAAGRL 60T
deep freezer(SamWon Co.)olA R#s}Qa, o] 3 A7
HEAOE A E3 A

Mushroom tyrosinase0l Cigt Xalj&tMo] &H

Tyrosinased] w3 AsfdAe AF 15 ulE micro-
plate(96 well)o] ¥ 11, 0.1 M phosphate buffer(pH 6.5) 150
pi%} 3 mM L-tyrosine £} 25 g RS %, 2100 unit/ml
mushroom tyrosinase(Sigma, 0.05 M phosphate buffer, pH
6.5) 7 ulE& #Hr1ste 30T A 1087 ¥+-&-A71 & micro-
plate reader(Molecular Devices, Emax)& A}-&3l¢] 490 nm
A ZA 3t At} Tyrosinased] gk A8 &(%)e the 24
olshe] ASHITHIIL

Table 1. Composition of basal medium for screening and pro-
duction of a microbial tyrosinase inhibitor

Composition Concentration(%)

Soluble starch 20
Yeast extract 0.3
Peptone 0.2
MgSO0; - 7H,O 0.05
K:HPO, 0.01
Agar 18

pH 7.0£0.2
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Tyrosinase Mali|Q] At
Eet2~3 g
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Al et 7 gad, 24, 7719, QAEY 55
50| tyrosinase A3)A) A4te] HAE 4TS AENGT,
Wl 34 7] pH % 25 2ABIATH
TAF 53

A& AEFol(Whatman No. )2 A=23 F{HF
83 AAH T 15T 447 A% 3 A% 53
243l dry cell weight(DCW)(mg/100 ml)Z el it}

AN AL zzj_g] E;ﬂ H}d
A 208 BA87] 9 5AE4 2 SAS package(SAS
Institute Inc. ; windows 6.12)& AM&-3tE Tk 242 4o
tyrosinase 3 #]¢] A4t H] X FFE LA YL AL
&3t 3ukE A9 ¥ A4 {93 Wy UF vzsgo
[20].
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12} 43 A 88 3719 EYWHS4 =, soluble starch, pep-
tone, KkHPOE 7}7} 2%, 0.2%, 0.1 mME 3} center run
2 4HE-S ¥ 3}5h= Box-Behnken designg A}4-3te] A8 3
oHi]. 22 4% A E-& soluble starch, peptone 27} 9] &8
HTE 242 3.0%, 04% 8 3} center run 2 WFE-S ¥ 35}
£ % 10709 ADzHE AHesTHAL,
ojuf 9] ¥k8 M= tyrosinase A3 A Q712 3§}
don], SHHSFE g7 Po| XF st ALk
O 14 2PAY =uige] 223}
X1 = (soluble starch - 2)/1
= (peptone - 0.2)/0.1
X3 = (K:HPOq - 0.1)/0.1
@ 24 AAAY SYPusy XEF
X1 = (soluble starch - 3)/0.5
X2 = (peptone - 0.4)/0.1
AY Ao g B4 ukg T BYS ALgsigon,
tyrosinase A3A Aol Az vehte wk-e Fu4e
o) Z& thF3 AN LA ATH2A]
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RE EAEAL SAS package(SAS Institute Inc. ; win-
dows 6.12)% o] &-3t¢lch. ¥ R 43 3RS IML
procedureS AL3H o™, modelo] HF3AIIE AL}

gt APAA AR (lack-of fit testyS 33 TH21].

2 2 n 2
Y=Fy+ DX+ 2,07+ 3 BK K te @
i=1 i=1 1

i=1j=i+
Y : response variables
B, : intercept
B;,B; : regression coefficients
X.X; : independent variables
€ : random error

Tyrosinase XaofHI2| Mt =2A
Ea2a WY

O B499 9% : 4% d4299 9T HEF] 99
A Table 19] 712ujA|o] 7z} &4 FEF 2%2 H7}s}
o} tyrosinase A&)Ale] YA &S HESFH &, SeBoE
xylose, arabinose, SEZ S glucose, fructose, galactose,
mannose, ¢339 lactose, sucrose, maltose 131 T} 35
9] soluble starch9} celluloseE ©]&-3l4] 30CAA 72A)17¢
180 rpmoll A ABujFS A 58S BAdeR P 0
E A9 tyrosinase A A7} AAEHA FpoH, 687 of
% 52 soluble starchol] wlsjA o) A3j&/do] 46%¢l
A 68% FFEo2 B Yeikth 9 452 DCWE su-
crose, galactose @ soluble starch7} z}7+ 808 mg/100 ml,
766 mg/100 ml ¥ 741 mg/100 mlZ e} THnot shown
data).

Soluble starch?] tyrosinase A&j# 44 A F=& ¢
o}lB7) Y3NA 1%, 2%, 3%, 4% D 5% F7}sl FAE 1
A3}HE Fig. 13} 2o 3% 9] soluble starch 71} 34 A
Bl M4 18-S ¢ 4 AR ol AT AV by-
rosinase A &4} melanostatinf4)z OH-3984[8]7} glucose
oA Ao A B AFH Aol AT

@ 2299 9% 4% Ahdo| ¢A F4% tyrosinase
A Ao vlX e FFE A8 At A2AE A
g 7| R o) 2HE BaYY F=rt05%7 HEE 7t
3o} 30ColA 7243k 180 rpmoll A ARl Fd A, -
£71A24 A peptoneo] 7HF +4+3 AU 2 YEY
o, 4712299 peptoned Fol A& 100%2 W2
) yeast extract-peptone(3:2) -8 A| 81%, casein 68%, soy-
bean meal 76%, yeast extract 24%, malt extract 15%, tryp-
tone 12% <o)th F71A4A YA AS NaNO7} 75%,
NaNO; 58%, (NHy),HPO; 35%, NHNO; 13%, (NH;):SOs
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Fig. 1. Effect of soluble starch concentrations on the pro-
duction of a tyrosinase inhibitor by Actinomycetes
F-97. Each concentration of soluble starch was added
to basal medium. The cell growth was shown as dried
cell weight(mg/100 ml). The tyrosinase inhibition ac-
tivity ratio was estimated when the maximal activity
was set 100. Each point the average of three time.

12%, NH(CL 7% 9] wolgich. ¢ 45L& DCWR yeast
extract, yeast extract-peptone @ peptoneo| Z}7} 553 mg/
100 ml, 459 mg/100 ml 2 445 mg/100 ml2 v}E}xttHnot
shown data).
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Fig. 2. Effect of peptone concentrations on the production of
a tyrosinase inhibitor by Actinomycetes F-97. Each con-
centration of peptone was added to basal medium. The
cell growth was shown as dried cell weight(mg/100
ml). The tyrosinase inhibition activity ratio was esti-
mated when the maximal activity was set 100. Each
point the average of three time.
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‘31, 1 E}%OI CaCl,, KH,PO,, AgNO3, MgSO4 - 7H,O %‘OI
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84 deiden, 79 A5E KHPOsL AY 9
o} MgSO, - 7H 09} CaChe #9a7t A=Ay
KH,PO48} AgNOs= #9271 A4S A ¢ttt Komiyama
8] ©] F[13]°] 0.5% NaCl& H7}ste] tyrosinase ]3]
AE A3 A 2 F97 FFE v]%9 NaCldME A
HAE A AaslA] Egkch(not shown data).
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Initial pH

Effect of initial pH on the production of a tyrosinase
inhibitor by Actinomycetes F-97. The cell growth was
shown as dried cell weight(mg/100 mi). The tyrosinase
inhibition activity ratio was estimated when the max-
imal activity was set 100. Each point the average of

three time.
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Effect of K;HPO, concentrations on the production of
a tyrosinase inhibitor by Actinomycetes F-97. Each con-
centration of K;HPO, was added to basal medium. The
cell growth was shown as dried cell weight(mg/100
ml). The tyrosinase inhibition activity ratio was esti-
mated when the maximal activity was set 100. Each

point the average of three time.
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inhibition activity ratio was estimated when the max-
imal activity was set 100. Each point the average of
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sjAle) Aol gk a7t AR =HA ghgkoh(Table 2).

KHPO.Z #)9)8l soluble starch, peptoned 7z} 2%,
02%2 sle T 299 du] APE 722 ANAFAPLES
(path of steepest ascent)2. 2 A2 FAAE S 5A
1 A3} soluble starch 3%, peptone 04%E 2L FAH L
2 3k 288 A4 th(Table 3). 43 2] g #9
AL P<0.012 uvEhten, 1x13Hlinear term), 23}
(quadratic term)o] A P-valuez} e} gho} £ A7 A}
43 2go] ul$ AT S & 4 ANKTable 4). EF 2
A%t 0952 23 3t dugo] Fgkt}. Tyrosinase
As)A WAL soluble starché] %R TthE peptoned] 23]
A G A e R L]-E}‘;%E}

274 AWAYO aA B WSEAHL e 2ok

y =994 + 0.96X1 - 7.83X2 + 0.27X1X2 - 7.69X1” - 9.07X2’

SAS IML procedured] 9JsiA -3 ] A4 X1, X27}
Z}+7} 0073 04322 soluble starch 3.035%, peptone 0.128%
2 Uelsit}Fig. 6).

Table 2. Parameter estimates for first experimental design

Variable DF Parameter Standard T for HO:

>
Estimate  Error Parameter=0 Prob>ITl

INTERCEPT 1 64.81 8.282 7.826 0.0005
X1 1 27.08 5071 5.340 0.0031

X2 1 2.500 5071 0.492 0.6429

X3 1 2763 5.071 -5.450 0.0028
X1X2 1 2222 7172 0.310 0.7692
X1X3 1 9722 7172 -1.355 0.2333
X2X3 1 111 7172 -0.155 0.8830
X1X1 1 2504 7.465 -3.355 0.0202
X2X2 1 1.342 7465 0.180 0.8643

X3X3 1 -7.268 7.465 -0.974 0.3750
1 : soluble starch, X2 : K;HPO,, X3 : peptone

Table 3. Input data for second experimental design

Code value Raw data
No. X1 X2 Soluble Peptone Yield(%)
starch(%) (%)
1 -1 -1 25 0.34 9
2 -1 1 25 040 73
3 1 -1 35 0.30 95
4 1 1 3.5 0.50 76
5 -1.4142 0 23 040 82
6 1.4142 0 3.7 040 82
7 0 -1.4142 3.0 0.08 89
8 0 1.4142 3.0 0.26 70
9 0 0 3.0 040 100
10 0 0 3.0 0.40 98

1 : soluble starch, X2 : peptone

Table 4. Parameter estimates for second experimental design

Parameter Standard T for HO:

Variable - DF Estimate  Error Parameter=0 Prob>ITl
INTERCEPT 1 99.45 2.286 43.49 0.0001
X1 1 0.962 1.143 0.842 0.4473
X2 1 -7.836 1.143 -6.854 0.0024
X1X2 1 0.275 1.616 0.170 0.8732
X1X1 1 -7.698 1.512 5.090 0.0070
X2X2 1 -9.070 1.512 -5.997 0.0039

1 : soluble starch, X2 : peptone

Jar fermentor WY

Tyrosinase A 3|#) BAke] QlojA] 718 z|} H7 AT
B A 9he] At wE PG AT HFH AL ulA] <
RS oA ZF Wahe §IUAY tyrosinase A3 Al A4S
ARE A AN 847 AR s 0%B 5] 477L 5
7}stglch ol& Komiyama 5[8]0] H31g vhidto] A4ks}
£ OH-3984 K1, K27} 96A12tell Hul A3 & Hole AR
o 24413 A7 WskohFig. 7).

HZd rAstn /83 As|AI9l 4-hexylresorcinol(4HR)
o] ¥AH A=, 4HRE A, 7R, AR, obRIF=(E T
d), 5 F29 tyrosinaseE As3t9, o] 4HRE o] &
2 A7VERANY Aol 4T AvH2] 2Ey Rt
uhy Z71d) g Aabd it qid d4rt Eis] A
I YA AFAA Y AT AREE AP A5AIL AL
97 2801, TREEY deid A4 A2 2 A8 %
of h AFE A F FFolth. TTYBRE FAo| 1
o] FowA, ¢t A2 E AAE S e Y& Ul
W F3A), 93¢ A2A Agolete Ane vl Beid
AR 2 AsAY FE717 FHolgE SRAME v
o 9§ tyrosinase As|A ] B FF ATE FLY
sA e & 4 itk

T \ N\
,,// . \
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\
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Fig. 6. Contour plot of soluble starch and peptone code value.
1 : soluble starch, X2 : peptone
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Fig. 7. Time course on the production of a tyrosinase inhibitor
in jar fermentor. One frozen stock vial(1 ml of spore
suspension in 10% glycerol, -60C) of F-97 was in-
noculated into a 500 [ flask containing 100 ml seed me-
dium(2.0% soluble starch, 0.2% peptone, 0.3% yeast ex-
tract, 0.05% MgS0Os, 0.01% KHPOy pH 7.0) The seed
culture was incubated at 30C for 24 hr on a rotary
shaker at 180 rpm. A 100 ml of the seed culture was
inoculated into a 2 1 fermentor containing 1 1 of opti-
mum production medium(3.0% soluble starch, 0.36%
peptone, 0.1 mM KoHPOy, pH 7.0). The culture con-
dition was 200 rpm agitation speed and 2.0 vvm aera-
tion at 30°C. The cell growth was shown as dried cell
weight(mg/100 ml). The tyrosinase inhibition activity
ratio was estimated when maximal activity was set 100.

2 9

~

9o 2 RH tyrosinase As)AE st WA
Felst] o] dFZHE tyrosinase A3 A é‘& s
AESY 1 A e 2o g =
soluble starch7} 7}3 Zgton], 7 HF lg_‘.:_t 3.0%%
ALY E2E FIIRADQ peptoneo] 7HE Fgon F
TEE 036%E Uehgth 2r19o2 KHPOw) 714 2
111 HHETE 01 mMo|Qth HFLE 30T 70431
fermentor Yol A vk A] H 319 tyrosinase A 3} A
& vt

o F9
0.

E-
4
9o

B
%
)
rIJ[o

[o)

\o

o)

lo ¥ N Qo oo

r-.-'—-
oX 5

Al

oz

m
Ho
r

a

1. Box, G. E. P. and D. W. Behnken. 1960. Some new three
level designs for the study of quantitative variables.
Technometrics 2, 455-475.

2. Cabanes, R. S. 1988. Toxicology and carcinogenesis stud-
ies of 4HR in F344/N ratsand B6CF1 mice. National tox-
icology program, NIH publication, No. 88.

3. Choi, 5. Y, N. ]. Kang and H. C. Kim. 2006. Inhibitory
effects of root extracts on melanin biosynthesis in
Rodgersia podophylla a. Gray. Korean ]. Medicinal Crop Sci.
14, 27-30.

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

Journal of Life Science 2007, Vol.17. No. 6 803

Han, D. S, S. W. Jung, S. J. Kim, S. H. Kim and B. H.
Ahn. 1996. Effect of tyrosinase inhibitors on the
melanogenesis. Korean J. food Sci. Technol. 28, 1089-1094.
Ishihara, Y., M. Oka, M. Tsunakawa, K. Tomita, M.
Hatori, H. Yamamoto, H. Kamei, T. Miyaka, M. Komish
and T. Oki. 1991. Melanostatin, a new melanin synthesis
inhibitor. ]. antibiotics 44, 25-32.

Jung, S. W., N. K. Lee, S. J. Kim and D. 5. Han. 19%.
Screening of tyrosinase inhibitor from plants. Korean J.
Food Sci. Tech. 27, 891-896.

Kang, H. S, H. R. Kim, D. S. Byum, H. ]. Park and J. 5.
Choi. 2004. Romarinic acid as a tyrosinase inhibitors from
Salvia miltiorrhiza. Natural Product Sciences 10, 80-84.
Komiyama, K., S. Takamatsu, Y. Takahashi, M. Shinose,
M. Hayashi, H. tanaka, Y. Iwai and S. Omura. 1993. New
inhibitors of melanogenesis, OH-3984 K1 and K2. |. anti-
biotics 6, 1520-1225.

Kwak, J. H,, U. K. Seo and Y. H. Han. 2001. Inhibitory ef-
fect of Mugwort extracts on tyrosinase activity. Korean J.
Biotechnol. Bioeng. 16. 220-223,

Kwak, J. H, Y. H. Kim, H. R. Chang, C. W, Park and Y.
H. Han. 2004. Inhibitory effect of Gardenia fruit extracts
on tyrosinase activity and melanogenesis. Kor. ]. Biotechnol.
Biceng. 19. 437-440.

Kwon, O. S, D. J. Park, C. Y. Lee and C. J. Kim. 1996.
Distribution pattern of soil actinomycetes at Cheju. Kor. J.
Appl. Microbiol. Biotechnol. 4, 399-403.

Lee, C. H, H. K. Chun, Y. B. Seu and Y. H. Koh. 1993.
Tyrosinase inhibitor isoflavonoids produced by Streptomyces
sp. 20747. Kor. ]. Appl. Microbiol. Biotechnol. 21, 139-143.
Lee, C. H, M. C. Chung, H. J. Lee, K. H. Lee and Y. H.
Kho. 1995. MR304-1, A melanin synthesis inhibitor pro-
duced by Trichoderma harzianum. Kor. J. Appl. Microbiol.
Biotechnol. 23, 641-646.

Lee, H. ], M. K. Lee and L S. Park. 2006. Characterization
of mushroom tyrosinase inhibitor in sweet potato. . Life
Sci. 16, 396-399.

Lee, J. S, J. A. Kim, S. H. Cho, A. R. Son, T. S. Jang, M.
S. So, S. R. Chung and S. H. Lee. 2003. Tyrosinase in-
hibitors isolated from the roots of Glycyrrhiza glabra. L.
Kor. ]. Pharmacogn. 34, 33-39.

Shear, M. C. 1967. Actinomycetes; permanent preservation.
In workshop on preservation of microorganism by freez-
ing and freeze-drying. Society for Industrial Microbiology,
Arlington, Va.

Sung, K. C. and K. J. Kim. 2005. Tyrosinase activated in-
hibition effect & analysis of Pine-Needles extract. ]. Kor.
Oil. Chem. Soc. 22, 71-76.

Suzuki, K. 1993. Search and discovery of soil micro-
organism which produce new bioactive substances :
Selective isolation of microorganism and their fermenta-
tion products. J. Actinomycetol. 7, 107-109.

Yang, M. |, J. S. Lim, H. S. Ahn, M. A. Kim and R. M.
Ahn. 1999. Inhibitory effect of Chestnut Bark extracts on
tyrosinase activity and melanin biosynthesis. Kor. ]. Env.
Health Soc. 25, 37-43.



804 BB URIX| 2007, Vol. 17. No. 6

20. Yoneta, A, T. Yamashita, H. Y. Jin, 5. Kondo and K and melanoma(FAMMM) patients. Melanoma Res. 14,
Jimbow. 2004. Ectopic expression of tyrosinase increases 387-3%4.
melanin synthesis and cell death following UVB irradi- 21. Hong, J. 5. 1996. Analysis of SAS and statistics data.

ation in fibroblasts from familial atypical multiple mole Tamjin Publishing Co.



