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In this study, in order to isolate excellent whitening agents from fungal cultural broth, various fungi
were collected from wild areas in South Korea and then screened for tyrosinase inhibition activity,
as tyrosinase is a precursor for the biosynthesis of melanin in regulating skin color. A fungus strain
that inhibits tyrosinase activity has been identified and confirmed as Trichoderma viridescens (later re-
named T. viridescens SW-1) via ITS sequencing. In T. viridescens SW-1, tyrosinase inhibitory activity
was strongest on day three of culture. A 5% culture broth showed a tyrosinase inhibitory activity
greater than 90% and exhibited high thermostability on day three. At 10% culture broth, the accumu-
lations of intra- and extracellular melanin were inhibited above 27.1% and 7.5%, respectively. In sum-
mary, the physical and functional properties of the tyrosinase inhibitory substances of T. viridescens
SW-1 included high levels of inhibition of melanin synthesis and antioxidative activity as well as
thermostability. Therefore, we suggest that the whitening substance identified from the cultural broth
of T. viridescens SW-1 has potential for application as a functional cosmetic ingredient.
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Fig. 1. Screening of substances to show tyrosinase inhibitory (A) and antioxidative activities (B). Fungi were cultured at 25C for
48 hr, the culturual broths were centrifuged for 5 min at 8,000x g, the supernatant was filtered through a 0.22 um filter,
and then the treated solution was applied for tyrosinase inhibitory and antioxidative activities. X- and Y-axes indicate sample
types and inhibitory ratio or antioxidative activity, respectively.
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cultured in a DMEM medium supplemented with 10% FBS (Fetal Bovine Serum) at 37°C with 95% humidity and 5% CO..
The cultural medium seeded with B16F0 mouse melanoma cells was added from 1% to 10% supernatant amounts. The
cell viability was confirmed by MTS reagent. *p<0.05.
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Fig. 6. Changes of intra- and extra-cellular melanin contents according to the cultural supernatant amount of T. viridescens SW-1
on B16F0 cell. The cell viability was measured by the MTS method. The medium was removed after cell culture, the cells
were treated with 9 ml of DMEM and 1 ml of MTS reagent and then sample solution was added into the reaction mixture.
After treatment during the indicated time, the reaction mixture was measured at 490 nm with a microplate reader for calcu-
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C (+); 2.0% albutin. *p<0.05.



660 BB ULRIX| 2021, Vol. 31. No. 7

o] #ZH U,
T. viridae?} BAYSHE tyrosinase Al B4 Fofl 352
of & WA o dAEEAE A8 727 BE A

7He/gol & 208 AT, 26]. ]9 £ AP A
of we} A3 tyrosinase A A7 EZety] & A
B A7 T viridescens SW-1 75 ol EA|3}H= tyrosinase
AAFdo] AAFEAA Tl He o3t eokth(data
not shown). WekA & FH o] tyrosinased &4 oJu ty-
rosinase A4S T4 3kE Al o3 7led e 2HTD Tt
of = A FAHHEG

oldel A3s TN K, tyrosinase A &4 H 43}
a ol o3l T. viridescens SW-10] ALE a1, B AR &4
Waddol 2 A2 gt & W dsd< 10%714
A o) QS #ZEA Pk, depd A E 9
of Mepd A A ERrt #FHAG

ZA 2

o] &L 2020~20219 % A= Huigtn g3 A dF
v ol st ATFH U

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

References

1. Boo, Y. C. 2020. Up- or Downregulation of melanin syn-
thesis using amino acids, peptides, and their analogs.
Biomedicines 8, 322.

2. Gillbro, J. M. and Olsson, M. J. 2011. The melanogenesis
and mechanisms of skin lightening agents - existing and
new approaches. Int. . Cosmet. Sci. 33, 210-221.

3. Han, ]. S. and i, D. H. 2012. Effects of pine needles fermen-
tation extracts on antioxidant activity and inhibition of mel-
anin synthesis. Asian |. Beauty Cosmetol. 10, 619-624.

4. Hsiao, N. W,, Tseng, T. S, Lee, Y. C,, Chen, W. C, Lin,
H. H, Chen, Y. R, Wang, Y. T, Hsu, H. J. and Tsai, K.
C. 2014. Serendipitous discovery of short peptides from nat-
ural products as tyrosinase inhibitors. J. Chem. Inf. Model.
54, 3099-3111.

5. Inoue, Y., Hasegawa, S, Yamada, T., Date, Y., Mizutani, H.,
Nakata, S., Matsunaga, K. and Akamatsu, H. 2013. Analysis
of the effects of hydroquinone and arbutin on the differ-
entiation of melanocytes. Biol. Pharm. Bulletin 36, 1722-1730.

6. Jablonski, N. H. and Chaplin, G. 2014. Human skin pigmen-
tation as an adaptation to UV radiation. Proc. Natl. Acad.
Sci. USA. 107, 8962-8968.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. KCTC (Korean Collection for Type Cultures). https://

kete.kribb.re kr/

. Kim, K. Y. and Lee, N. K. 2014. Herbal extracts research

trend that have effects on melanin production and control.
Asian |. Beauty Cosmetol. 12, 453-461.

. Kowichi, J., Obata, H., Pathak, M. A. and Fitzpatrick, T. B.

1974. Mechanism of depigmentation by hydroquinone. J.
Invest. Dermatol. 62, 436-449.

Kumari, S, Thng, S. T. G,, Verma, N. K. and Gautam, H.
K. 2018. Melanogenesis inhibitors. Acta dermato-venereologica
98, 924-931.

Lee, Y. H, Lim N. H,, Joung, M. S., Kim, J. H. and Sim,
S. S. 2005. Chemical stability and whitening activity of mix-
ture of functional ingredients. ]. Soc. Cosmet. Scientists Korea
31, 295-304.

Lin, J. Y. and Fisher, D. E. 2007. Melanocyte biology and
skin pigmentation. Nature 445, 843-850.

Ohbayashi, N. and Fukuda, M. 2020. Recent advances in
understanding the molecular basis of melanogenesis in
melanocytes. F1000Res. 9, F1000 Faculty Rev-608.
Olivares, C. and Solano, F. 2009. New insights into the active
site structure and catalytic mechanism of tyrosinase and its
related proteins. Pigment Cell Melanoma Res. 22, 750-760.
Parvez, S., Kang, M., Chung, H. S., Cho, C., Hong, M. C,
Shin, M. K. and Bae, H. 2006. Survey and mechanism of
skin depigmenting and lightening agents. Phytother. Res. 20,
921-934.

Rzepka, Z., Buszman, E., Beberok, A. and Wrze$niok, D.
2016. From tyrosine to melanin: Signaling pathways and fac-
tors regulating melanogenesis. Postepy higieny i medycyny
doswiadczalnej (Online) 70, 695-708.

Saeedi, M., Eslamifar, M. and Khezri, K. 2019. Kojic acid
applications in cosmetic and pharmaceutical preparations.
Biomed. Pharmacother. 110, 582-593.

Schiano, M. V. 2010. Signaling pathways in melanosome
biogenesis and pathology. Int |. Biochem. Cell Biol. 42, 1094-
1104.

Simon, J. D., Peles, D., Wakamatsu, K. and Ito, S. 2009.
Current challenges in understanding melanogenesis: Bridg-
ing chemistry, biological control, morphology, and function.
Pigment Cell Melanoma Res. 22, 563-579.

Slominski, A., Tobin, D. J., Shibahara, S. and Wortsman, ]J.
2004. Melanin pigmentation in mammalian skin and its hor-
monal regulation. Physiol. Rev. 84, 1155-1228.

Steinho, M., Stander, S., Seeliger, S., Ansel, J. C., Schmelz,
M. and Luger, T. 2003. Modern aspects of cutaneous neuro-
genic inflammation. Arch. Dermatol. 139, 1479-1488.
Tsuchiya, T., Yamada, K., Minoura, K., Miyamoto, K., Usami,
Y., Kobayashi, T., Hamada-Sato, N., Imada, C. and Tsujibo,
H. 2008. Purification and determination of the chemical
structure of the tyrosinase inhibitor produced by Trichoder-
ma viride strain H1-7 from a marine environment. Biol.
Pharm. Bull. 31, 1618-1620.

Videira, I. F. D. S, Moura, D. F. L. and Magina, S. 2013.
Mechanisms regulating melanogenesis. An. Bras. Dermatol.
88, 76-83.



24. Wang, D. H., Ootsuki, Y., Fujita, H., Miyazaki, M., Yie, Q.,
Tsutsui, K. and Ogino, K. 2012. Resveratrol inhibited hydro-
quinone-induced cytotoxicity in mouse primary hepatocytes.
Int. |. Environ. Res. Public Health 9, 3354-3364.

Yamada, K., Imada, C., Tsuchiya, T., Miyamoto, K., Tsujibo,
H., Kobayasi, T. and Hamada-Sato, N. 2007. An application
study of culture supernatant of a filamentous fungus iso-
lated from marine environment as an ingredient for whiten-

25.

26.

27.

Journal of Life Science 2021, Vol. 31. No.7 661

ing cosmetics. J. Soc. Cosmet. Chem. Japan 41, 254-261.
Yoon, M. Y., Han, E. H. and Han, Y. S. 2013. A study on
anti-oxidant activity and whitening action of Plantago asiat-
ica L. seed extract. ]. Kor. Soc. Beauty Art 14, 259-269.
Zolghadri, S., Bahrami, A., Hassan Khan, M. T., Munoz-
Munoz. J., Garcia-Molina. F., Garcia-Canovas, F. and Saboury,
A. A 2019. A comprehensive review on tyrosinase inhibitors.
J. Enzyme Inhib. Med. Chem. 34, 279-309.

=& : Trichoderma viridescens SW-1 0|¥f J|sMATHO| M3lety EN
zZee!. Amz? . Zaed . wns! - ZHs - oM - Zrakgt 3
(A4=gdstn A%Fesd, REedAgda g3ges, A=adstn FAAE4H)

A 715A AAFE AZY Sk B A 7R S 7HA AF Ud AnAEY Q77 SuE
wel kA4, 7154, ABAE MR AR E 7158 SAF AAY AL oo i HI Utk B AFgAE
ok WAl A= Rl T sk tyrosmase A &4 B s S teto] -4 78S HAE 7
TE AL o, At #5E5 54 F T viridescens SW-12.2 W3ttt vl e 717 tyrosinase A3 &
e SRS 2H 3G AAGA M AT EA S P o, 3Ua Mg AT A S o] &5t TEE 48 54
3 A A5 5% o) HEA u% o)ge AFHBAHE FAE o7 3 "L HAth 454 e 2= A
T Ad &S A7 2 tyrosinase As) FAHo] FAHIN L ool met L¢3 d A FQ AT AE
AEE 24 43 10% 359 AGARAA AE F40] YetdA gstom AxoAe " & A A3
10% 45 HZA AZU 271%, AZY 75% A& SAsATH & AFANA T. viridescens SW-1 8 ¥ 4
TAY MEEA L g, dad FA A3 59 7154, A £ tyrosinase AT FUA& 5 @ LS
32l st Tk whekA T viridescens SW-1 81 A5 H& &4 vy 54 452X F§ 7hsAol 7] Wi
G Agsts A3 A7 FPsojof F Aol




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


