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The Antioxidant and Skin-whitening Effects of Saccharomyces cerevisiae FT4-4

Isolated from Berries Grown in Sunchang
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Saccharomyces lysate has the well-known function of soothing the skin in various ways: it is an anti-ir-
ritant and can treat skin care conditions, such as skin whitening and antioxidative activity. However,
data on the safety for use of Saccharomyces lysate in cosmetics and skin care products are still limited.
To design a new cosmetic material with antioxidant and skin-whitening effects, 80 yeast strains were
isolated from berries grown in Sunchang. Among the isolates, the FT4-4 strain, which exhibited superi-
or biological activities, was selected for further experiments. The FT4-4 strain was identified as
Saccharomyces cerevisiae by 185 rRNA gene sequencing analysis. S. cerevisiae FT4-4 showed higher DPPH
radical-scavenging (51.41%), superoxide dismutase (62.23%), and tyrosinase inhibition (64.75%) activities.
The highest yield of biomass (3.16 g/1) and maximum growth rate of S. cerevisine FT4-4 were observed
within 16 h. Furthermore, the cytotoxicity potential of S. cerevisite FT4-4 on B16F10 melanoma cells
was measured by an MTT assay, and the results indicated that S. cerevisize FT4-4 had a capacity to
inhibit melanin up to 72.02% at an initial 10 mg/ml concentration. These results suggest that S. cer-
evisine FT4-4 could be a promising candidate as a multi-functional material for application in the cos-
metic industry, especially because of its antioxidant and skin-whitening effects.
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Ao S8 28-S b A QHA] ASaL A FA[Y
I Ad Y gz %H AaE AASE Fibs 24 S
Zka QoH[5], 9 =8t As) g deid YA dofste
tyrosinase A3 &4 Tol RuEHHUA Hlo]Q AAF LA E
T 4383 oloh AR S frE 2 BeE L gle R
AT Qe U T4 o2 HuHl(fermivin) S 7HE Bl
AEH I o], Ut EF £n9 3F S 53 £ I

A 5 AFA A Aol $AANHL Yo
uebA, £ Ao e St 3 Eﬁ —E"o? Helw 2o
& l A& 7P T &

=

= S8 =FTolA AdE w3 A B
of #9 NEE ALt 449 AR 1ge
A4 9 mlo @A A3t YPD agar (Yeast extract
Peptone Dextrose agar, Difco, MI, USA) ILA| | A o] =23}
I, 30Tl A 4841 wiof & F4d Hee] Fesha Aol s
ol g3ty ARE REsAn ¢4 HE® A5 4$ YPD
9 A 9 % (YPD broth, Difco, MI, USA)ol 4 E3t< 30°C, 150
rpmoll A 48417+ A gt mj S A AL FAE 10%
skim milk (Difco, MI, USA)ll @& $ -80Coll A H 3}
s Ao AHgstsit

A MHsE s 529 MY

7t AT S Ze ARE AEET] 98 20% glucose
(Sigma-aldrich, St. Louis, MO, USA)E &+t YM Al A
(Difco, MI, USA)l s ¥ 121TClA 158 2+ &
Zhzkel EelF A g 2% HFsk 30T, 48413t Ml
5 72 A o7 Fds it

ol

TS
2 A FFE dd oz kst 24 £42 YPD YA
A (Difco, USA)l 30T, 150 rpmo.Z 48417 Zeuje
13,000 rpm, 4TAIA 1023 A Eeste] Z4zte] 4542
ANEZ o] 834 th. DPPH (22-diphenyl-1-picryl-hydrazyl,
Sigma-aldrich, St. Louis, MO, USA)E ©] €& free radical &
A& 2 A& 20 plell 100 pM DPPH ethanol &4 180 pl&
TF F Gz A 3023 ¥ sk UV/VIS spectropho-
tometer (SPECORD200, Analyﬁk Jena, Jena, Germany)= 517
nmol A FFEE SAT F off Ao th]iste] &gl
o, 272 YPD 948 A (Difco, USA)E AF&3514Th.

0!

r_}i

DPPH free radical scavenging activity (%) = [1-(A/B) ]
x100(%)

A : Absorbance of DPPH solution with sample at 517 nm

B : Absorbance of DPPH solution without sample at 517 nm

SOD (Superoxide dismutase) frA &4 52 SOD kit
(Sigma-Aldrich, USA)E ol &3t om, 2t} 52 vj gy
A& 20 plol WST working solution 200 ul¢} enzyme work—
ing solution 20 plE &3k, 37CAA 20827 ¥H3AZ &
450 nmoA A FHEE SA3FATH24].

Tyrosinase X3l &M 24

Tyrosinase A3 &4 242 93 Age z27te] 23
Hj oF <8 S 13,000 rpm, 4COA 1087 QAR s F42

343k} A& T 2 ¥ A= 50 mM PBS buffer (pH 6.8)
Z geete] 25324712 34 £ 13,000 rpm, 1083 44
e Aed=s ARE Agsith 714 2E 50 mM PBS
buffer (pH 6.8)°1 1 mM L-tyrosine (Sigma-aldrich, , USA)<
A3 HoA AbgetAn21]. Z42e) Als 50 plll Lty-
rosine &% 100 ul €% ¥ tyrosinase (50 units/ml) 50 ul<
A7yske] 37°C A 3083t BE3-3HI 470 nmol A FREE F
A % oldle) A3 2ol Hzadd
Tyrosinase inhibitor activity (%) = [1-(A/B)] *x100(%)
A : Absorbance of tyrosinase solution with sample at 470 nm

B : Absorbance of tyrosinase solution without sample at

470 nm
FE MY 770 SH ¥ 54 Y B4
HF A 739 4L 8 YPD 9 A ) A (Difco, USA)

of HE38+4 30T, 150 rpm 2 48417k Wl 3 Al H 23t
A E et I8 ¢AE ZR Fungal/ Bacterial DNA
Miniprep kit (Zymo Research Corp., CA, USA)E DNAZ
2% $ PCRE A @S FEsta AAT 97IME S
Gtz el o= ste] EA43AT20]. 4 HIMEE
NCBI (National Center for Biotechnology Information,
Bethesda, MD, USA)9] BLASTE ©] &3} MY YA &7} =
2 BEF 759 185 rRNA F7IMES GRS AFERE 2
At A% E £42 Neighbor-joining ¥ 18 F& O]
akof A8kl TH14]. AHE 7 P7L7L«] AT AHE &
913te] bootstrap &4 1,0003] ¥HE A8 MEGA 7.0.26
program= ©]-§-3}¢] LJ-*J% gelstarnh =g arst A
e 84 #4449 F4-2 APl ZYM kit (Biomerieux, Marcy-
I'Etoile, France)E ©|§3td A8ttt YPD ZAH|A
(Difco, USA)l A 30C, 48A17F vl % ¥ suspension medium

of W3 FAE suspension standard 5 Bt =0 5t& ALg-3}
ATk 100 WA £FF F 30ToAA 443 W3 ZYM A,

ZYM BE @og‘-‘l %-ro}oi LA F5E SAsAT
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Ao FAE AU

g ZA o] 83 Melanoma
cell (13161:10)4 A5 A ZF 2ol A B ol AE3EA
51, DMEM (phenol red free Dulbecco’s Modified Eagle’s
Medium, HyClone, USA)H| A 2 37T, 5% CO, 212 uj ¥
ato] o] &3tk AlZE AEE] 7 Yoo T[30]9 AW
Y Wyt Z43}A T Melanoma cell (B16F10)< ©] £-3)
MTT assay2 Z43t%0 oM, 48 AEE FT445 YPD 9
A A (Difco, USA)Sl 30T, 150 rpm© 2 16417+ W
13,000 rpm®] /\1 2083 A4 2 st ZAE il
34¢ #AE FAAZ3 50 mM PBS buffer (pH 6.8)<
o] &34 1.0x10° CFU/ml FEE 34 F o] &3ttt Mela-
noma cell (B16F10)& 96 wellell 1x10° cell/ml9] 52 8%
3ke] 37°C, 5% COp ZHNA A WY F ZHstuA sk
FEEE AYsto] 14A T 5 gk Yol FRE
T MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazo-
liumbromide, Intron Biotechnology, Korea) 10 ulE # 2] 3t
MTT7F & AEY] 84280 ofs SFAHEE 447 &
otal, s A A 2 welldl A48 € formazan 24 &
38t 570 nmAl A FREE SATO=N AlEY EE
< Sk =3, Fepd AA 9 AlFS Shin F[26]9 2
P& WEste] £4319 21, melanoma cell (BI6F10)S 96
wello] 2x10° ce11/m1.°4 ¥EE AHFs 37T, 5% CO, 24
of A 24717t Wl & PBS buffer® 28 A& & st
A g Ao 2 ml¢ DMEM (phenol red free Dulbecco’s
Modified Eagle’s Medium, HyClone, USA)<& %7} & k4]
FHE AR 100 p& A2 st en, tiz2r S 2E kojic acid
(Sigma-aldrich, St. Louis, MO, USA)E AF4-3t¢iTh WA de}
d #4E FE8t7] 3l forskolin (Sigma-aldrich, St. Louis,
MO, USA) 100 ul& A &sta 37C, 5% CO, 27l A 7247t
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HjFst Gt W] FE5E F 13,000 rpmoll A 1027 LA
BEste 45HE 358t 475 nmol A TR EES Z A8
dzd B4 AT FU3AT

SH 24

AdAE 39 o] WHE AFHE FAEA SPSS for Win-
dow (ver. 12.0, SPP Inc.,, USA)& A&t ch. QA #4F
4 (ANOVA)S.Z H ¢, E2AA} EX8 91, ALF A Fe
749 Duncan’s multiple rage test (p<0.05)% 4 A3t T
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Table 1. Comparison of biochemical characterization for selected strains

DPPH radical scavenging Tyrosinase inhibition

Strain Identification activity (%) SOD activity (%) activity (%)
FT4-4 S. crervisiae 51.41+0.55° 62.23+2.17 64.750.10°
FT4-7 S. crervisiae 31.13+2.92° 51.21+2.12° 51.09+0.07°
FT4-32 S. crervisiae 34.89+5.35° 41.99+2 34 52.24+0.19%
FT4-98 S. crervisiae 43.68+2.45° 56.46+0.86° 54.65+1.35°
FT4-140 S. crervisiae 49.88+3.99° 55.61+1.89° 55.72+0.31°

The results are expressed as the mean + SD (n=3).
Means of differed letters ¥ with the values (in the DPPH radical scavenging, SOD activity and tyrosinase inhibition activity)
are significantly different at p<0.05 by Duncan’s multiple rage test.

AT Sl EGAZA[4], Bebd Aol #AstE ty- £ o] &7 7154 24 At MdE HAE ALAR 7
rosinase £4F %@3}04 M §5S AFote ARE E& A ZH 9 A SHA wg e S AL AL
I QITH19]. whebA, AEE 5% #FE WFLE ty- 2 AEREY.

rosinase A 3 &4 & % sto] wHo] g Es 3 2

I AW 75 5% 2T 50% o9 tyrosinase A3 A S HE MY 7F SH Y &4 M 2N

H % t}(Table 1). Jang S[6]% Eio] WEW F53 HAF4R, HF AE3 FT449] 185 rRNA £4& 53l A €714
St AT YA B S cerevisine 75 49F S A A& S84 a1, BLAST &4 234 Saccharomyces cerevisine =
©. 2 tyrosinase A H %}/‘é% ZA% A g 7E 10% o5t AR HAT BF 7 A5 vl A4S AAGeH,
G A EAE BFEta AASH, S cerevisine Y277-3FF 1 A3} Saccharomyces cerevisiee NRRL Y-12632 (EU011664) 2}

7} 42.7%9) %"éﬂi 7 953 A4S zhe S BA5HY 100%9 A5A4S BA S, cerevisine FT4-4E B &1, g2 n
o, AA 0 EFA EE3 S, cerevisiee WJSLO191 A& B ZAME (KCCM, Korean Culture Center of Microorgan-
FE 3B2%E M 59, UM A o EaRe A i isms)oll S. cerevisize KCCM 12522P& 7] &8}t @71 E&
B 15% olstol AU & o] giditty Rustgo11]. wekA 0] &3} Maximum Likelihood methodS AM-83}¢] FT4-49]
FT44 435 6475% 2 A BIE S, cerevisine] tyrosinase ASTE A (Fig 1). AsTY A= FEE 93
A FHARTE 5T A3 S BFst Qo AT bootstrap &A1& 1,0003] AA st AAFS FFAF o,
TE AR o, v 7|5 LRAFY 2EE EE 0 F7F4 02 APl ZYM kitg ©]| 83t A8 S AT 27

100} Saccharomyces bayanus CBS 4257 (EU145762)

100 |Saccharomyces bayanus CBS 1546 (EU145763)
100 | \Saccharomyces uvarum CBS 431 (EU145771)

Saccharomyces kudriavzevii ATCC 2601 (KC881068)

J accharomyces kudriavzevii ATCC MYA-4449T (NR 111355)

Saccharomyces milatae ATCC MYA-4448T (NR 111354)

Pichia kudriavzevii NRRL Y-63967 (NG 063274)

Zygosaccharomyces rouxii MUCL 302547 (NG 065155)

Candida glabrataNRRL Y-65T (NG 063242)

100 ) Saccharomyces cerevisiae NRRL Y-12632 (EU011664)
1001 FT4-4

0.10

Fig 1. Phylogenetic tree based on nearly complete 185 rRNA gene sequence of FT4-4. The bootstrap values were calculated based
on 1,000 replications to estimate the topological robustness.
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Table 2. Enzyme production profiles tested by API ZYM kit of S. crervisine FT4-4

Enzymes FT4-4 Enzymes FT4-4
Control N Acid phosphatase -
Alkaline phospatase - Naphol-AS-Bl-phosphohydrolase -
Esterase (C4) +? a-galactosidase -

Esterase lipase (C8) -
Lipase (C14)

B-galactosidase
B-glucuronidase

+

Leucine arylamidase + a-glucosidase
Valine arylamidase + B-glucosidase -
Cystine arylamidase - N-acetyl-B-galcosaminidase +
Trypsin a-mannosidase
a-chymotrypsin - a-fucosidase -
UNegative effect. “Positive effect.
esterase, leucine arylamidase, valine arylamidase, a-glucosi- Ao ¥53 o %o{ g2k F7rettk AA 71 Wl 24417
dase, N-acetyl-B-galcosaminidase®]| &4 & B3t &< 9 = W3y} g Az z9eS
Q131 % th(Table 2). Pennacchia 5[22]9] Hio] ©t2H 3 o, tyrosinase A3 &4 A o $+-FE
W08 ERE a-glucosidase &4 & ZHIL esterase, esterase
.2 r L
lipase, leucine arylamidase, valine arylamidase, N-As-Bl- ’ v
80 _ 14
phosphohydrolase®] &4& AUE 2108 dHA L 9oy, ]
_ ~ = $78 5 12
1059 av 2 f4oe 2A% 23 105 3IME 4710 & & | £
£ Ea9 B BE AOE BIHL Yo, ok EelFe  F AN
W B HEF 5 A% adle] % Aolsh A% #FE 3 e
P12 = (06 3
it 2E 40 2] Wi /AW Aow dREY.  § R
a r7.0 E r0.4
_ r 6.8 = 0.2
HHAIZHON [HE A MZ Y tyrosinase Mol &4 ‘ ‘ ‘ ‘ ‘ o Los
HE AE F37AS. cerevisine FT4-49] v FAIZbo| w2 0 8 L
Time (hr)

A 73743 tyrosinase A8 24 WS ZA 798k 3%
glucoses 33 YPD A uljA]of wj o “5‘]' A 4N A L
2 /‘]E~ 3}04 Az ‘?'Lzﬂ%t, = Adr 9 oty-
‘:ﬂ q wl AR o
AFS ZAste A

7tak7] Al 2kt ol
12/ 7k~16A17t°l| stationary phase°ﬂ Tgagon, o] FoE
dA Aol A3 F7ketAY sk log phases UER

ATh(Fig. 2). #AZFG vinE A& FFE H# BEF 5
U3 AFE YL, 35, Adse Mg $ 16470
7} 145, 812 logy CFU/m Holow, Ax #A %

2 mlo.2 =

®3 316 g/12 A} IA 47 UrEPLH A tH(Fig. 2). TLT
Z7l M S, cervisiae BA347} 20417t 639 g/19] Al A&
YER Yang 5[29]9] A3} vlw fs}oqc 2 zro]2 JEYA
B FARE Fstolt =3, M A uhE tyrosinase
A BAL 2487 AT A A gA Al wek A
8] F7tet] A Aol Hoil 1647kl tyrosinase A 3
L= 6768%% A& HESleH, o] Foll= 2 W}
slol A= Ath(Fig. 3). Jang F[6]S] HILAA S. cervisiae
Y277-3% Y157-1 2% 9 &R FFo t& tyrosinase A 3 &

Fig. 2. Time course profile of cell growth by S. cerevisize FT4-4
cultivated in YPD medium (as basal medium) at 30T
with 150 rpm. A: dried cell weight, B: Log CFU/ml,
@®: absorbance 660 nm.

100

80 -
2
é 8 € < €
= d 1 1 d
g = 4
= 60 1
=
=
| ¢
@
2
g 404
Am
g
= a
20 A
0 T T T T T T
0 4 8 12 16 24 28 32 48
Time (hr)

Fig. 3. Tyrosinase inhibition activity by S. cerevisize FT4-4. The
results are expressed as mean + S.D of tree independent
experiments triplicate in each run (p<0.05).
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FT4-42| B16F10 MZE MZEZ 3 HajH Mo AN Fat
HAFH oz AT FT44 ¢ 3%
K

A3l Ax &g TA =

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium-
bromide)et= B4 F84 718 A2 nJEZEg o} U
gragsd os g5 £84<¢ formazane Y4 st
AEE B3 Z43e MIT assay= 434 0H31]. 547}
A3} FT44E ZE 55(05~50 mg/ml)ol A 100% °]d2] Al
Z AEE] e Az 540l gle 02 2AH AU (Fig.
4). YutH O 2 S, cerevisiner WX AR GRAS #F2M 2o
HAANE A% 2 4F S8 Ago] s7td #F2 A
ol Az eH, B ARIHE HEEA0] B8 YEUA
o Y 79 9840l §eS thl BW FAT A
o Wehd Az 950 A gol/lHozA AeHo sy
B 9% 252 9a 44HE, 9% 7149 dehesele
(melanocyte)7} A9} 9] A=0.2 243} HHA tyrosinase
EFCESEE R PEESE FE SRR )
etA], $EA tyrosinase A3l s A AR A $3 AT
< B9 FT447F AA AEo M depd Ao S
A Fde AT AP APt Dad A4 AA
E3= forskoin® 2 A S F X8t o] 100%E A 435}
H a8}, FT44E 125, 25, 5,10 mg/mlé] FE2 A
A3} 37.38, 5847, 65.67, 72.02% 2 A¥ =7t /1 5
detd A S dAshs 237t S7hekR L, 1.25 mg/ml9

140

120 N, < b b
a
100
e
B
<
2 04
=
=
=
> 60 4
=
°
]
40 4
20 4
0 T T T T T
Control 0.5 1 5 10 50
Concentration (mg/ml)

Fig. 4. Effect of S. cerevisine FT4-4 on viability of B16F10 cells.
The results are expressed as mean+S.D of tree in-
dependent experiments triplicate in each run (p<0.05).
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Fig. 5. Inhibitory effect of S. cerevisine FT4-4 on melanin pro-
duction in B16F10 cells. The results are expressed as
mean + SD of tree independent experiments. NC - : neg-
ative control, NC + : positive control, - : no treated, +
: treated.
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