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ABSTRACT

Since the first antibiotic, penicillin, the era of antibiotics has opened and
many new antibiotics have been discovered and developed. However, in the
21st century, antibiotics discovered in the 20th century have been gradually
reduced in usage or are no longer used due to antibiotic resistance, side
effects, and the development of more effective antibiotics. In this study, we
investigated the effects of streptomycin, kanamycin A, Kkanamycin B,
tobramycin, fradiomycin, paromomycin, spertinomycin, hygromycin B,
gentamicin, fosfomycin and lincomycin on melanogenesis in B16F10 melanoma
cells. First, the effect of each antibiotic on the survival of B16F10 cells was
confirmed by MTT assay. Subsequently, the groups of antibiotic alone
treatment and the groups treated with antibiotics and a-MSH in the
non-toxic concentration were divided to evaluate the effect on melanogenesis.
Melanin production was decreased in kanamycin A and streptomycin, and
melanin production was increased in tobramycin, fosfomycin and lincomycin.
Melanin production was not changed in kanamycin B, fadomycin,
paromomycin, spectinomycin, hygromycin B and gentamicin. Among them,
melanin contents assay and tyrosinase activity assay were further performed
with tobramycin, which increased melanin production remarkably. It was
confirmed that tobramycin increased melanin production and increased the
activity of tyrosinase, an enzyme important for melanin synthesis. We also
confirmed that tobramycin phosphorylates p38, one of the MAPK proteins, by
using western blotting and inhibitors, thereby increasing the expression of
MITF protein. The increased expression of MITF increased the expressions
of tyrosinase, TRP-1, TRP-2, an enzyme important for the synthesis of
melanin, in a dose-dependent manner. We compared the effects of kanamycin
A, kanamycin B with similar structure to tobramycin and 2-DOS, the central

structure of these on the synthesis of melanin. As a result, the effect of



tobramycin on the synthesis of melanin was presumed to be the structure of
the aminosugar attached to the C-4 of 2-DOS, the central skeleton. Since
melanocytes are mainly in the skin layer, the effect of tobramycin on
keratinocytes was evaluated. At a concentration of 2 mg/mL, cell viability
was over 90 2. In addition, the effect of RAW 264.7 cells on NO production,
an inflammatory substance, was evaluated but not effective. Based on these
results, we suggest that tobramycin may be helpful in the treatment of

hypopigmentation.

Key words: Tobramycin, Old antibiotics, B16F10 melanoma cells,

Melanogenesis, Aminoglycoside
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2] A (UVR, ultraviolet radiation)2 & o]2] 1ol 2 H|Eo] Al &EAA =
THAAA Y} TF FAA] EFES EF zta 7] wwe g SdEAd=R

7)
gdstel  ph3  pro-opiomelanocortin - (POMC) % =}l
gA3kA7ItE. POMC Z83E =+  a-melanocyte-stimulating  hormone
(a-MSH, #&dAx == Z2)  Adrenocorticotropic hormone (ACTH,
A E A=535=2), B-Endorphin & A4Fet7] e 22X [3]. AF=5Holx
A E FHe ao-MSHE G 9¥d a4 484 (G protein - coupled
receptor)?] melanocortin 1 receptor (MCIR)E %3 #WgldA X IS
Agstt [4]. o-MSH & 9@ebdAEe] MCIR o] ZAd38a adenylyl cyclase
(AC)E A=tste] olxA &2 =<l cyclic adenosine monophosphate (cAMP) 2]
ME W 52 Z7HA171th cAMP = protein kinase A (PKA)E &4 347 1L
cAMP response element-binding protein (CREB) @23 <lAk3}A] 71t}
CREB = M-box o Agste] Webd AAd 342 tyrosinase (TYR), TRP-1

TRP-2 ¢] ks A= e A el T8 ZA A

HE

microphthalmia-associated transcription factor (MITF)S X3al o8] #2219
AAL Q7 9EE dvh £ ogE FJrEEF MAPK Asddid=7F glvh
MPAK = ERK, JNK, p38 A7}# wwiza=z FAEo] Q. o] F
wa g o] QlAkst= MITF @ds Qlikstetar <Ql4kstel MITE  whelg &
frolF st o] EafEa INK <k p3gel <Iitsts MITF deide] ds
S/t A A3 B [56]



w3 FHZ Ao wEw PIBK/AKT A& dAE 4=, Wnt/B-catenin
A =27}

o

5
wra Aok 18]al SCE/c-kit, NO (nitric oxide), cytokine Z< wWebd A
AA AL FHAI 7= thFet a0l &EA Ak [4,7-9].

HHE TYR 2 TRP-1, TRP-2+ ™“Wkx-F(melanosomes)o]dtl =]+
EAV|HOE o] & 3tH, gl Fol| A = + THe o,
2t d (eumelanin) 2 ¥ 22 Zd (pheomelanin) S A
ghd 2 Ao wiy IFE HIs= AT Qo= RS AAsta
w7ty wol EA st HAebde] UVR A ay, 53 fégide UVR &
HA7= =Y A Y S ot YR UVR IAFE =07 9% &+
4y A4S vk B AdAEAe #Hade ZeS oF 15-20 sun
protection factor (SPF), At 4 SPF & 7}4EH, o] wgldo] UVR ¢ 50
%A 75 %E FTdths 2s 9ugn [10]

A A 223 2 (hypopigmentation) @ebd Aol 7HAe] ZAijelr), o]Zl2
Wabd mAEe] HAFAQ o] FF 3} tyrosinase FAe As}, @

MAGE FE, Wehede ZWALRY 0% As, Wehwmge

ﬂ
HPN
Lo

tyrosinase Aol EAWe] T oY kA olffR & dojdnh
A A Z ZFo] Z=AFS vitilio, piebaldism, albinism o] =AdtH vl

=23 z29HS 2 Qo [11-14].



UVR Melanocyte

oy

Keratinocyte

Figure 1. Melanogenesis in UV-induced skin
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204171 = ofddl= HAF, Zdet, A4, FEFS A vis 3 22
Ay Eo] d AAAHSE AT [15]. 18 7]
FE= ol | Adxem ol 7ted udd AsWe

=
AbE BT 7]1Eo]l okt [16]. ey Ay E=ato] o3 ddF o

=
ot

AbEC] 82 %ol G 50 A4l o] fAteAM = 2 %Rbo] AED & AT

el FAAZE AREE ] oldel= ol d Al s FEL AldEE

1928 W Alexander Fleming ©| X% (Staphylococcus)& W Ystd <

FEA Fgol7h A HEY HAMAE ZEAFTY AFES JAE= AS
HAstH L A A4S AAsteE Edol s Aol Azstel o1 =4

FE3% Zo] penicillin o]gh= HE Aotk [18]. YAl A5 7]
Al ZF3FH A o] & sulfonamides, beta-lactams, aminoglycosides,

chloramphenicol ¥ #Z-& A= FAAZF B, 7 glon 270 7idd
A A el A= Table 1.7 2o} [19]. 1941 ¥ Selman Waksman ©]

S0 2 ‘antibiotic’o] gt WolE A& ‘E o] ol W AE R HE

_’IO_



Table 1. Timeline of antibiotics.

Year Antibiotics Year Antibiotics Year Antibiotics Year Antibiotics
1911 | AEsphenamine | 1962 Cloxacillin 1980 Cefotaxime 1989 Cefpodoxime
1912 Neosalvarsan 1962 Fusidic Acid 1980 Piperacillin 1989 Enrofloxacin
1935 Prontosil 1963 Fusafungine 1981 | gAmoxdcillin/ | 1989 Lomefloxacin
1936 Sulfanilamide 1963 Lymecycline 1981 Cefoperazone 1989 Moxifloxacin
1938 Sulfapyridine 1963 Gentamicin 1981 Cefotiam 1992 Piperacillin/
1939 Sulfacetamide 1964 Cefalotin 1981 Cefsulodin 1992 Rufloxacin
1940 Sulfamethizole 1966 Doxycycline 1981 Latamoxef 1993 Brodimoprim
1942 Benzylpenicillin 1967 Carbenicillin 1981 Netilmicin 1993 Dirithromycin
1942 Gramicidin S 1967 Rifampicin 1982 Ceftriaxone 1993 Levofloxacin
1942 Sulfadimidine 1967 Nalidixic Acid 1982 Micronomicin 1993 Nadifloxacin
1043 Sulfamerazine 1967 Tobramycin 1083 Cefmenoxime 1993 Danipenem/
1943 Streptomycin 1968 Clindamycin 1983 Ceftazidime 1993 Sparfloxacin
1947 Sulfadiazine 1969 Fosfomycin 1983 Ceftizoxime 1994 Cefepime
1948 Chlortetracycline 1970 Cefalexin 1983 Norfloxacin 1996 Meropenem
1949 | Chloramphenicol | 1971 Cefazolin 1984 Cefonicid 1999 ) i
1949 (Flr“:d‘;g;ig‘m) 1971 Pivampicillin 1984 Cefotetan 2000 Linezolid
1950 Oxytetracycline 1971 ‘Tinidazole 1984 Temocillin 2001 Telithromycin
1950 Penicillin G Procaine 1972 Amoxicillin 1985 Cefpiramide 2003 Daptomycin
1952 Erythromycin 1972 Cefradine 1985 Imipenem/Cilastatin 2005 Tigecycline
1954 Benzathine Penicillin 1972 Minocycline 1985 Ofloxacin 2005 Doripenem
1955 Spiramycin 1972 Pristinamycin 1986 Mupirocin 2009 Telavancin
1955 Tetracycline 1973 Fosfomycin 1986 Aztreonam 2010 Ceftaroline
1955 Thiamphenicol 1974 Talampicillin 1986 Cefoperazone/ 2011 Fidaxomicin
1955 Vancomycin 1975 Tobramycin 1986 c1aTvi§1ﬁiéﬁX/ci q 2012 Bedaquiline
1956 |  Phemoxymetvl® | 1975 Bacampicillin 1987 | Ampicillin/Sulbactam | 2013 Telavancin
1957 Kanamycin 1975 Ticarcillin 1987 Cefixime 2014 Tedizolid
1958 Colistin 1976 Amikacin 1987 Roxithromycin 2014 Dalbavancin
1958 Demeclocycline 1977 Adlocillin 1987 Sultamicillin 2014 ectiolozne
1959 Virginiamycin 1977 Cefadroxil 1987 Ciprofloxacin 2015 Ceftazidime/
1959 Paromonycin 1977 Cefamandole 1987 Rifaximin

1960 Methicillin 1977 Cefoxitin 1988 Azithromycin

1960 Metronidazole 1977 Cefuroxime 1988 Flomoxef

1961 Ampicillin 1977 Mezlocillin 1988 Isepamycin

1961 Spectinomycin 1977 Pivmecillinam 1988 Midecamycin

1961 Sulfamethoxazole 1979 Cefaclor 1988 Rifapentine

1961 Trimethoprim 1980 Cefmetazole 1988 Teicoplanin

Timeline of antibiotics based on the date of release or discovery
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e Aminoglycoside

oE
o

Aminoglycoside += "+ (actinomyctes)ol A FZ&3 dd == wishal 3
A Aoty Aminoglycoside ¢  TA T ZEAE=  2-deoxystreptamine = 22
aminocyclitol ring ] 27} ©]%+9] amino sugar 7} glycosidic bond & Z 5 o]
Atk o] A= 30S EF AFea WS JATFoRH M A

oA A& o [211.

O

_’Iz_



1. Streptomycin

Streptomycin = 1944 Aol Albert Schatz 7} Streptomyces griseus oA *<
28k 2 %9] aminoglycoside Al2e] &AAolth [22]. AU &) 3J3F
= O AT d& A 28-S 23 e (23]

ux) o

NH
OH JL
HO N NH

0 2

[ 0 oH"
H—C HN\‘KNH
H5C NH;

OH O

HO
O
HO NHCH3
HO

Figure 3. Sructure of streptomycin
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2. Fradiomycin

Fradiomycin & neomycin ©]&}a1% 3t 194994  w A &2 Selman
Waksman ¥ 71¢] 84 Hubert Lechevalier o ol 2A = AT}, Streptomyces
fradiae AN A AAH o2 AAEW  aminoglycoside AFDe dAAoltt [24].
Fradiomycin < U2 aminoglycoside Alge] A= v =84 A 5%

olgH i MHT, nITHU2HEZT T U R AMRHZIE Y [2526].

A S0 gl Wolw B AgEo] o FAAd delA Weg vpehuln
[27].
NH,
o)
HO
HO
NH, HN
HO Y5 NH,
o OH
O OH

Figure 4. Sructure of fradiomycin
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3. Hygromycin B

B+ 1953 W

sl

Streptomyces
AR ML

RERE

haed

Hygromycin
welE Ao A gl
e} Asko]  HhE 2ol
gAY ot [28].

wgol Bloal

=N
[¢)

HO

5

=
=

CH;

HO

HO
OH

Figure 5. Sructure of hygromycin B
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4. Kanamycin

Kanamycin © 1957 W 4 &9 WA EE2} Hamao Umezawa ool 93] &z
aminoglycoside AlEe] dAA oIty [29]. Streptomyces kanamyceticus I~
2 ¥  kanamycin & 5]  kanamycin @ A 9 °F7Fe] kanamycin B,
kanamycin C, kanamycin D & /=¥ o] Qlt} [30]. A vtH go} 79 2 A3

Azl AHE " [81.

HO
HO . 4 HO NHs
HoN

R4 R; Rs
Kanamycin A NH, OH NH;
Kanamycin B NH, NH, MH,
Kanamycin C OH NH, MNH,
Kanamycin D NH; OH OH

Figure 6. Sructure of kanamycin
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5. Paromomycin

Paromomycin <& 1950 W@ loll  Streptomyces  krestomuceticus |~ &
EEHAJY. 28 A 2 A o 22U o "HYE JAAE E=FF
daldE Gddeld. 1en QAo FA® FAUAEE 24U

aminoglycoside ©] t} [32].

OH
0

HO

HO
NH, | N
HO 25 NH,
O OH
O  OH

Figure 7. Sructure of paromomycin
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6. Spectinomycin

NH
OH JL
HO N NH
0 2
[ 0 on
H—C HN\‘(NH

H5C NH;

OH 0
HO
0
HO NHCH3
HO

Figure 8. Sructure of spectinomycin
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7. Gentamicin

Gentamicin & 1963 W Weinstein, Wagman 5°| Micromonospora
purpurea @] T3 oA AL DAY [35]. Pseudomonas, Proteus,Escherichia

coli, Klebsiella pneumoniae, Enterobacter aerogenes, Serratia 2 1% %A

= [e]
EEATHS W FE3E Fa a9 A ddgolel  disl &Aool Aok
Gentamicin & &7] 74, &2 74, g4 w L ol AFA Ao dxZ
g Az AE "} [36]
OH
CH3
0]
. HsN
HsC 2 o
HN
b HO NH;
H5N NH;

Figure 9. Sructure of gentamicin
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8. Tobramycin
Tobramycin & 1967 Aol Eli Lilly and Company ¢ = A}E&9°] Streptomyces
tenebrarius o4 A& &g FHS FABE=Holth tobramycin & TEE

2,6-diamino-2,6-dideoxy sugar ¢} 3-amino-3-deoxyglucose 7} 4-and 6-hydroxyl

[

groups of 2-deoxystreptamine ] ZA3Ho] U= FHEZ FAHH 9l

o,

aminoglycoside Al€¢] A=A Y g FA AFI oiFEe 2 &

At 7Fd A5 o] &= vt [37,38].

HO
HO NH,
NH, O

Figure 10. Sructure of tobramycin
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e Other antibiotics

1. Lincomycin

Lincomycin & WX+ F Streptomyces lincolnensis o~ @ 3 lincosamide
Aol FAA oIt [39]. 1964 el HLoz ookgozm ALEHYTE [40].
Lincosamide Al€e] 3SAAEL consist of pyrrolidine ring ©] pyranose
moiety ¢ FHE}lo]= AZ (methylthio-lincosamide) o] U= F+ZF7F EAHolt}

[41].

H3CH"\.¢"/L”1“"

Figure 11. Sructure of lincomycin
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2. Fosfomycin

Fosfomycin (3] &9+ phosphonomycin &2 L&A ATH)S1969 &, Merck
and Company ¢ 2#<19] Compafiia Espafiola de Penicilina y Antibi6ticos
(CEPA)9] Fesxgozw W AFUY. Streptomyces  fradiae VX A5
Lelstdom of % 1971 ol A=A o2 Aaketr] A &g

HO\\P
oF
OH

Figure 12. Sructure of fosfomycin
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ok AFFY 8 F2] aminoglycoside A€o A ELS FEHoz ARG A
=4, A 54, 54, AR DE T FAREe] glon FEFEHoz

g EER g wkE o] EAfdth [42-44]. Lincomycin, fosfomycin <
2%, T, AAF 59 HAgo] dEA St [4546]. o] IAAELS &
(e3]

.‘_r:_
20417 = Sube] MAZREH Edsgder Ldest ARSE] Sk 2y
=

e
e
-
2
R
1
o

11 =9 A<} 3%F9 aminocyclitol & 7FA 3L o] £ 9
2 3%% Z7 Y8 AFysAUT. 24 AEE B16F10 melanoma A 39
AR S w #Hepd g oW AFE VA=A e Hkth aga

FAAon A5A9 g AL SAAAE At

X

_23_



II. A|E 9 =Y

L. A& 2 A%

Tobramycin, gentamicin, kanamycin A, lincomycin, fosfomycin, fradiomycin,
hygromycin B, spectinomycin, streptomycin & Tokyo Chemical Industry

(Chuo-ku, Tokyo, Japan)oll A % 3} %t}

2-DOS, actinamine, streptidine < Toronto Research Chemicals Inc (Toronto,

Ontario, Canada)oll 4 <3} t}.

Dulbecco modified eagle medium (DMEM), penicillin/streptomycin, fetal
bovine serum (FBS), trypsin-ethylenediaminetetraacetic acid, PD98059, BCA
protein assay kit Thermo Fisher Scientific (Waltham, MA, USA)°l|A
s,

a-MSH, NaOH, L-DOPA, griess reagent, proteasome inhibitor cocktail,
kanamycin B, arbutin, H89 (PKA inhibitor)© Sigma-Aldrich (St. Louis, MO,
USA)N A -4ttt

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)= VWR
(Radnor, Pennsylvania, U.S.A)l A T3}

Tyrosinase, TRP-1, TRP-2, MITF 1 *}&xA]+= Santa Cruz Biotechnology
(Dallas, TX, USA)l A T3k

p—p38, p38, p-JNK, JNK, p-ERK, ERK, p-AKT, AKT, B-actin 1 =34,

anti-rabbit 1gG HRP-linked Antibody, anti-mouse lgG HRP-linked Antibody,
LY294002 (AKT inhibitor)i= Cell Signaling Technology (Danvers, MA,
USA)lA 438t

_24_



Radioimmunoprecipitation assay (RIPA) buffer, Dimethyl sulfoxide (DMSO),
Enhanced chemiluminescence (ECL) kit, 2x Laemmli sample buffer ®}o] 2 A%t

(Sungnam, Gyeonggi-do, Korea)oll Al <) &} th.

SP600125 (JNK inhibitor)== Cayman Chemical (Ann Arbor, MI, USA)o]A
A 3k A T

SB203580 (p38 inhibitor)&= Calbiochem (San Diego, CA, TUSA)9lA

SEE
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2. 43U
2.1. A=)

B16F10 mouse melanoma A3 RAW 264.7 murine macrophage ¥+
g HEF 238 (Korean Cell Line Bank)oll4 Fu3slith. HaCaT human
keratinocyte A% CLS Cell Lines Service GmbH  (Eppelheim,
Baden-Wiirttemberg, Germany)ellA +4dth. 7+ Alx+= 10 % FBS ¢ 1%
penicillin/streptomycin &= 3¥3%$F DMEM 4wl XA 37C, 5 % CO, ZZ oA

¥t
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2. AX5B 7

AN&7F AZEAE 712 G Hrketr]l f1es MTT A3dS 38kt
MTT A3dL2 HAEARS AHEste] A8 AESHS Hriets BRHoR
Alze] w=gkAel F84 7]dAd MTT AeFS AHstd Holde Ax 4
nEZ =g ole] NAD(P)H-dependent cellular oxidoreductase &4 ]3|
HEpe]l B84 formazan o2 FUdETE o] wf AAE formazan o Y&

Z4ste] AR AZEHS Bk WEold

BI6F10 AXZ 24 well plate ol 1x10" cells/well FE= HZE3t] 10 %
FBS ¢ 1 % penicillin/streptomycin < X33 DMEM #j#|¢] 24 A7+ %<t
st = ARE 724 v= HZ Asisrh 48A7 F uNE e 02
mg/mL MTT A1¢FS Agste] 1 A7 308 FoF vbgA At 2g)a AEds
A A DMSO & Yol fomazan & 9] 96 well plate o] 200 uL 2% &7 ol

microplate reader (Tecan, Mannedorf, Swizerland)S AF&3F%) 540 nm

Sel M FHEE S

RAW 2647 A X9} HaCaT AMEE 24 well plate ol 27 7x10" cells/well,
4x 10" cells/well =2 HZE3l 10 % FBS 9 1 % penicillin/streptomycin <
E o DMEM HjA| ol 24 A]ZF got vl ket & Al8s Z2F g% ¥R A3l
24 A & A= 823 0.2 mg/mL MTT AleFS A Elste] 1A17F 30 & &<
WA A 2glal A4S AS AAS DMSO & ¥o] fomazan 2 %9 96 well

o} microplate reader & AF&3}o] 540 nm I}l A

=5
Q

&
@}

-
[\
(e}
(e}
=

=
ox
g
)
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23. Wed §F =7

B16F10 M35 100w dish ol 2x10° cells/well &= AE3 5 10 % FBS 9
1 % penicillin/streptomycin & ¥3t3F DMEM 8] %] o] 24 AJ7F w3t 12 &

MAE AAstL AlRE WAl 4wk W2 FAste] AZskila &

o
o

xS 2= a-MSH, arbutin & AFESFAT 72 A2 & A5 HE A AL
1xPBS 2 13 A3l RIPA buffer (with 1 % inhibitor cocktail)&
A2lste] 4Col A 20 7+ WAl 3 15 mL e-tube ol AIZE ZAUth HojA
AIZ+= 15000 rpm, 4ColA 20 3 Al ste] S HS A A pellet 7F

ot F=4 pellet ol 1 N NaOH (10 % DMSO)E il 70CelA 1 AI3¢F
A AT ZF SHE=L2 96 well plate o] 200 pL A &7 ©3 405 nm ol A]

EALE =AHsdr. dwa s :E= BCA protein assay kit S A3

2.4. Tyrosinase &4 =4

BI6F10 A2 Z 100n dish o 2x10° cells/well ¥E2 HZE3 ¥ 10 % FBS ¢}
1 % penicillin/streptomycin & ¥3t3t DMEM #iX| o] 24 A|7F v Fstict. 15
A& AAstL AlRE A 7 wx= EE 3Aste] Asglal o
AsiAet ¥d dEzwoR= o-MSH, arbutin g AREsEATh T2 A7 &
FeHEs AASL 1xPBS & 13 Al #3931 RIPA buffer (with 1 % inhibitor
cocktaiDE A elsted 4TolA 207F WHEAZ1 F 15 mL e-tubedl AEE
Adek. Ao MAE= 15000 rpm, 4TolA 20 w37 YA ASHEe
2ystdeh A= wwla Frx:= BCA protein assay kit E A}b&3o]
AEFeAt. Zhzhel Ao @A 1 pg/ml =& 3Aste] dad g 20
uL ¢} L-DOPA (2 mg/mL) 80 uL & %31 37TColA 1 AIZHsSt vES-skTh 1

% microplate reader 2 AF&3te] 490 nm FHA FHEE =AU
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2.5. Western blot 23

B16F10 M 22 60n dish o 1x10° cells/well == HZ3 % 10 % FBS ¢
1 % penicillin/streptomycin & ¥3+s DMEM ®j#| o] wj%3tSich 2 & A=
AASEL A 85 v 7 s= HE A st 4, 20, 40 A ZF w3k A2l
I %o 1xPBSZ 13 AMZHSAML RIPA buffer (with 1 % inhibitor
cocktailE A glate] 4TeolA 20 E%F WH&AIZl & 15 mL e-tubeol MEE
Ao Aozl AEZE 15000 rpm, 4TColA 202 YAt SRS
st Ao wwlza s BCA protein assay kit S AR&3}o]

o e A dwde 20 pg sEE 8|43t 2x Laemmli
sample buffer & 1:1 B & & 4] 100CAA 587 7FE38Fo] loading sample <
A Z3sFA Tt ZF loading sample & sodium dodecyl sulfate-polyacrylamide gel ©ll
A71gEste] wwAdes H7] dHz  Bgdk 3 polyvinylidene (PVDF)
membrane &2 AT 0.1 % tween 20°] F-F¥ tris-buffered saline
(TBST)Z 33 A&ttt A2 ¥ membrane & 5 % skim milk (in TBST)el
2 A1t &<t blocking A2 F tA] TBSTZ 33 AHsiAch gl
Z4staa st wwAEe] 13 FAE TBSTO HHd T==z 345d
membrane ¥ WHAIEE 9EEAIZT wRgo] W 1A FAE AAT F
TBST & 33 Al % TBSTol HRP7} AgH 22 FAE g4t 24
e wrgstth wiAEte g2 TBST 2 33 AlF $FECL 993 w&A
chemidoc (Fusionsolo 6S.WL, VILBER LOURMAT, France)S A}-&3}o] vz

NES A=skA

e

A
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\ Mitochondrial reductase S
. == 0
=

MTT Formazan
3-(4,5-dimethylthiazol-2-yl)-2,5- (E,Z)-5-(4,5-dimethylthiazol-2-
diphenyltetrazolium bromide yl)-1,3-diphenyl-formazan
(yellow) (purple)

Figure 13. Principle of MTT assay

Luminescence

secondary antibody/ k ECL

== Primary antibody

Target protein

Protein
size

Figure 14. Principle of western blot
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26. NO B4 & 54

X

RAW 264.7 AEZZ 24 well plate o] 7x10" cells/well =2 HZE359] 10
FBS ¢} 1 % penicillin/streptomycin = >33 DMEM #}X|o] 24 A]7F &<t
T ol F A X HIFskA &2 DMEM #iAe] LPS (1
=]

WFd = wAE Al 5
2 3|Mate] 24 A7F FF AEstArh 1 Fol 96

7 gk
uL/mL)} AR5 74 5%
100 pL ¢} griess A1¢F 100 pL & 153% &<k Hbg A1zl

/\P% ol

well plate o 2

)
% 540 nm FFeNAN FHFEE SAHSAT

NOZ- O
HO,S NH, — 5 HO,8 N, g
Q NHCH,CH,NH;

Diazonium salt Reagent A

HOgS@N:N Q NHCH;CHNH,

Azo dye

Reagent B

Figure 15. Principle of griess test
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il

E Ado] Ay Hy £+ EFHA (SD:n = 3 or )& A3 Student's

2=

d

t-test & AF&3te] A4 FYAd B p S ZAsAH x p < 005 = p <
0.01, =*x p < 0.001 vs. control. # p < 0.05, # p < 0.01, ## p < 0.001 vs.

tobramycin treatment & UEFH AT}
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. 2 =

1. B16F10 melanoma A X WA A AT=A H7}

H

BI6F10 melanoma Al3EollA  zbzte] A7 AZEAECd vA= dFS
B7tatzl 918l MTT AdS AP 2 AL g3 s= He
(0.00625 ~ 16 mg/mL)oll A 48 Azt &<t Attt AxX AEEE ol F 3=
AgetA] &e AE(WERD)S J|Fow s =AU 80 % oA

AERESS] FEAA F& 29 Ao,
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Figure 16. Cell viability of kanamycin A, kanamycin B and tobramycin
on B16F10 melanoma cells. The cells were treated with various
concentrations of (a) kanamycin A, (b) kanamycin B and (c¢) tobramycin for
48 h. Data are presented as mean * standard deviation (SD) of at least four
independent experiments (n=4). * indicates p < 0.05, ** p < 0.01, *** p <

0.001 vs. control.
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Figure 17. Cell viability of fradiomycin, paromomycin and streptomycin
on BI16F10 melanoma cells. The cells were treated with various
concentrations of (a) fradiomycin, (b) paromomycin and (c) streptomycin for
48 h. Data are presented as mean * standard deviation (SD) of at least four
independent experiments (n=4). * indicates p < 0.05, ** p < 0.01, *%* p <

0.001 vs. control.
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(c)
Figure 18. Cell viability of spectinomycin, hygromycin B and

gentamicin on B16F10 melanoma cells. The cells were treated with various
concentrations of (a) spectinomycin, (b) hygromycin B and (¢) gentamicin for
48 h. Data are presented as mean * standard deviation (SD) of at least four

independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control.
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Figure 19. Cell viability of fosfomycin and lincomycin on B16F10
melanoma cells. The cells were treated with various concentrations of (a)
fosfomycin and (b) lincomycin for 48 h. Data are presented as mean
tstandard deviation (SD) of at least four independent experiments (n=4). #*

indicates p < 0.01, *=*x p < 0.001 vs. control.
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2. B16F10 melanoma A ¥ oA @ad Ao FAAA7 nX= 4F H7}

o

golaly] el ATAEA T

GAAZE AEhd FHAe] v X = Fg
e FAAS BI6F10 Al¥Eo 72 A7 Fot X glshsdr.

FAAHET S Z = o-MSH (100, 200 nM), arbutin (200 uM)<= A}F-8-3} ST

o

=]

A A3} kanamycin A, streptomycin 2 @Ehdo] 74319 2™ tobramycin,

>

fosfomycin, lincomyicn & @Wegtdo] F7Fstth. o] % kanamycin A 9
streptomycin & oo Hd FAEIHIF dE Aoz AdyA  UJAA T
tobramycin, fosfomycin, lincomycin ¢] #ebd ZF7tg 3o tiak A= W3 H A
okt [48,49].
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Figure 20. Melanin contents of kanamycin A on B16F10 melanoma cells.
The cells were treated with various concentrations of kanamycin A for 72 h.
a-MSH was used as the positive control and arbutin was used as the
negative control. We conducted a melanin content experiment to evaluate the
potential for increased melanin or decreased melanin in kanamycin A. Melanin
contents are expressed as percentages compared to the respective values
obtained for the control cells. Data are presented as mean zstandard deviation
(SD) of at least four independent experiments (n=4). ** indicates p < 0.01,

wx% p < 0.001 vs. control (a) or a-MSH treatment (b).

_39_



th
o
1

Mclanin contents / mg profcin
ot
o
&
1

g 1 1 1 1

«-MSH {109 ki) - + - -
Kanamyeiz B (mgrmL) - - 1,8625 #.125 0,25

(a)

250
200 | . - : T
150 A 3
100
3
g . . ‘ ‘ ‘
- + + + + +

#-MSH (268 nM)
Arbutin 290 pM) - - + - - -
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Melonin contents / mg protein

Figure 21. Melanin contents of kanamycin B on B16F10 melanoma cells.
The cells were treated with various concentrations of kanamycin B for 72 h.
a-MSH was used as the positive controland arbutin was used as the
negative control. We conducted a melanin content experiment to evaluate the
potential for increased melanin or decreased melanin in kanamycin B. Melanin
contents are expressed as percentages compared to the respective values
obtained for the control cells. Data are presented as mean * standard
deviation (SD) of at least four independent experiments (n=4). ** indicates p

< 0.01, =+ p < 0.001 vs. control (a) or a-MSH treatment (b).
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Figure 22. Melanin contents of tobramycin on B16F10 melanoma cells.
The cells were treated with various concentrations of tobramycin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in tobramycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =fstandard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.
control (a) or a-MSH treatment (b).
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Figure 23. Melanin contents of fradiomycin on B16F10 melanoma cells.

The cells were treated with various concentrations of fradiomycin for 72 h.

a-MSH and arbutin were used as the positive control. We conducted a

melanin content experiment to evaluate the potential for increased melanin or

decreased melanin in fradiomycin. Melanin contents are expressed as

percentages compared to the respective values obtained for the control cells.

Data are presented as mean

t+ standard deviation (SD) of at least four

independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).
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Figure 24. Melanin contents of paromomycin on B16F10 melanoma cells.
The cells were treated with various concentrations of paromomycin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in paromomycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =* standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).
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Figure 25. Melanin contents of streptomycin on B16F10 melanoma cells.
The cells were treated with various concentrations of streptomycin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in streptomycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).
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Figure 26. Melanin contents of spectinomycin on B16F10 melanoma
cells. The cells were treated with various concentrations of spectinomycin for
72 h. a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in spectinomycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).

_45_



2 300

e

=

se 258

= 200 -

2

£ =

E 139 T

2 = ® Ere

= 106 1

]

= 56

9 | 1 1 [l i
u-MSH (150 oM) - + - - -
Hygromycin B (ing/mL) - - 0.63125 6.0625 $.125
(a)
Kt

E

z

g 20 e L ad ek

o200 A

-t B2

2150 S N

-._:E

__?; 100 4

R

5 U - 1 1 ] L L
@-AMEH (208 M) - + + + + +
Arbutin (280 pM) - - + - - -

Hygromyein H(mg/mi) - - - G.03125 08625 8.12%
(b)

Figure 27. Melanin contents of hygromycin B on B16F10 melanoma
cells. The cells were treated with various concentrations of hygromycin B for
72 h. a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in hygromycin B. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean tfstandard deviation (SD) of at least four
independent experiments (n=4). #** indicates p < 0.01, =#=xx p < 0.001 vs.

control (a) or a—-MSH treatment (b).
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Figure 28. Melanin contents of gentamicin on B16F10 melanoma cells.
The cells were treated with various concentrations of gentamicin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in gentamicin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).

_47_



330 4 e
36
2548 -

204 4

156 4 _ e
108 4 -
S[l _J
! 1 I 1 1
4

Melanin contents / mg protein

u-MSH {100 sM) - + -
Fosfomycin (mg/ml) - - 1 2

(a)

Fek e
158 4 -
0
5 | 1 Il I 1 I
+ +

o-MSH (24 nhi) - + +
Arbatin {200 M) - - + - . -
Fosfomyein (mg/iml.) - - - 1 z 4

(b)

seor

Melanin contents / mg protein
[y
=
3
L

Figure 29. Melanin contents of fosfomycin on B16F10 melanoma cells.
The cells were treated with various concentrations of fosfomycin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in fosfomycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean tfstandard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.
control (a) or a-MSH treatment (b).
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Figure 30. Melanin contents of lincomycin on B16F10 melanoma cells.
The cells were treated with various concentrations of lincomycin for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in lincomycin. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
Data are presented as mean =standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.

control (a) or a—-MSH treatment (b).
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Figure 31. Melanin contents of tobramycin on B16F10 melanoma cells.
The cells were treated with various concentrations of tobramycin for 72 h
and a-MSH was used as the positive control. (a) Melanin contents are
expressed as percentages compared to the respective values obtained for the
control cells. (b) Images of pellets of BI16F10 cells after harvested by
centrifugation. Data are presented as mean * standard deviation (SD) of at

least four independent experiments (n=4). *** indicates p < 0.001 vs. control.
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Figure 32. Tyrosinase activity of tobramycin on B16F10 melanoma
cells. The cells were treated with various concentrations of tobramycin for 72
h and a-MSH was used as the positive control. Data are presented as mean
+ standard deviation (SD) of at least four independent experiments (n=4). #x

indicates p < 0.001 vs. control.
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Figure 33. Effect of tobramycin on tyrosinase, TRP-1 and TRP-2
expression in B16F10 cells. Cells were treated with various concentration of
tobramycin for 40 h. Protein levels were examined by western blotting. (a)
Result of western bolting, and protein level of (b) tyrosinase, (c) TRP-1 and
(d) TRP-2. Result are expressed as a percentage of the control. Data are
presented as mean z*standard deviation (SD) of at least three independent

experiments (n=3). *** indicates p < 0.001 vs. control.
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Figure 34. Effect of tobramycin on MITF expression in B16F10 cells.
Cells were treated with various concentration of tobramycin for 20 h. Protein
levels were examined by western blotting. (a) Result of western bolting, and
protein level of (b) MITF. Results are expressed as a percentage of the
control. Data are presented as mean zstandard deviation (SD) of at least

three independent experiments (n=3). *** indicates p < 0.001 vs. control.
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Figure 35. Effect of tobramycin on MAPK expression in B16F10 cells.
Cells were treated with various concentration of tobramycin for 4 h. Protein
levels were examined by western blotting. (a) Result of western bolting and
protein level of (b) p~ERK, (¢) p-JNK, (d) p—p38 and (e) p—Akt. Result are
expressed as a percentage of the control. Data are presented as mean * SD
of at least three independent experiments (n=3). ** indicates p < 0.01, *** p

< 0.001 vs. control.
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Figure 36. Effect of MAPK inhibitors on tyrosinase activity in
tobramycin-treated B16F10 cells. To confirm the mechanism of tobramycin
in melanogenesis, a cellular tyrosinase activity was measured using the
following MAPK inhibitors: PD98059 (ERK inhibitor), SP600125 (JNK
inhibitor), SB203580 (p38 inhibitor). Result is expressed as a percentage of the
control. Data are presented as mean *SD of at four three independent
experiments (n=4). ** indicates p < 0.01, *** p < 0.001 vs. control and ###

indicates p < 0.001 vs. tobramycin treatment.
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Figure 37. Effects of PKA and AKT inhibitors on tyrosinase activity in
tobramycin-treated B16F10 cells. To confirm the mechanism of tobramycin
in melanogenesis, a cellular tyrosinase activity was measured using the HE9
(PKA inhibitor) and LY294002 (AKT inhibitor). Result is expressed as a
percentage of the control. Data are presented as mean +SD of at four three
independent experiments (n=4). #** indicates p < 0.001 vs. control and ##

indicates p < 0.01 vs. tobramycin treatment.
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Figure 38. Structures of (a) 2-DOS, (b) streptidine, (c) actinamine.
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Figure 39. Cell viability of aminocyclitols on B16F10 melanoma cells.

The cells were treated with various concentrations of (a) 2-DOS,
streptidine and (c) actinamine for 48 h. Data are presented as mean
standard deviation (SD) of at least four independent experiments (n=4).

indicates p < 0.05, ** p < 0.

01, =xx p < 0.001 vs. control.
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Figure 40. Melanin contents of 2-DOS on B16F10 melanoma cells. The
cells were treated with various concentrations of 2-DOS for 72 h. a-MSH
and arbutin were used as the positive control. We conducted a melanin
content experiment to evaluate the potential for increased melanin or
decreased melanin in 2-DOS. Melanin contents are expressed as percentages
compared to the respective values obtained for the control cells. (a) Data are
presented as mean * standard deviation (SD) of at least four independent
experiments (n=4). ** indicates p < 0.01, #*xx p < 0.001 vs. control (a) or

a-MSH treatment (b).
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Figure 41. Melanin contents of streptidine on B16F10 melanoma cells.
The cells were treated with various concentrations of streptidine for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in streptidine. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
(a) Data are presented as mean * standard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.
control (a) or a-MSH treatment (b).
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Figure 42. Melanin contents of actinamine on B16F10 melanoma cells.
The cells were treated with various concentrations of actinamine for 72 h.
a-MSH and arbutin were used as the positive control. We conducted a
melanin content experiment to evaluate the potential for increased melanin or
decreased melanin in actinamine. Melanin contents are expressed as
percentages compared to the respective values obtained for the control cells.
(a) Data are presented as mean tstandard deviation (SD) of at least four
independent experiments (n=4). ** indicates p < 0.01, **x p < 0.001 vs.
control (a) or a-MSH treatment (b).
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Figure 43. Cell viability of tobramycin on HaCaT human keratinocytes.
The cells were treated with various concentrations of tobramycin for 24 h.
Data are presented as mean =* standard deviation (SD) of at least four
independent experiments (n=4). * indicates p < 0.05, **x p < 0.001 vs.

control.
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Figure 44. Effect of tobramycin on NO production in LPS-stimulated
RAW 264.7 cells. RAW 264.7 cells were treated with various concentration
of tobramycin (0.25, 0.5, 1, 2 mg/mL) for 24 h. Data are presented as mean
tstandard deviation (SD) of at least four independent experiments (n=4). s

indicates p < 0.001 vs. control.
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Aitstet= e FAstAth(Figure 35). v ¥ o2 MAPK AsA|, PKA
A A, AKT AsfAlE AF&3ste] BI6F10 AEolA  tobramycin o &S
F7rekslth. MAPK A si#l S ERK, JNK AsiARt A2 3} tobramycin 2}
ERK, IJNK Asl| A& #o] At oA+ 2o tobramycin ©= A 2]}
2 AolE Holxl gkor} p38 AsfAt  tobramycin & A3 L&
tobramycin  ©5 AT W& 114 % #HASHT. ol o= Ho}
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HdS S7HA71aL o= # dWabd FA & 49l tyrosinase, TRP-1, TRP-2
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Aminoglycoside A€ AAEe] Fx= T4 FALSE aminocyclit ring ©l
amino sugar 7} ZA3%E o = EZo|tl o] F kanamycin A, kanamycin B,
gentamicin, paromomycin, tobramycin, fradiomycin < <4 T%Z 2-DOS &
Zk 31 streptomycin < streptdine, spectinomycin < actinamine, hygromycin B &
streptamine ©]2t= EZo] FA FXE olFa Qlth 2-DOS =7 IAA F
paromomycin, fradiomycin < 4, 5¥ ®4o] amino sugar 7} A3 EHo] Jqx
kanamycin A, kanamycin B, gentamicin, tobramycin < 4, 6 1 E4ol amino
sugar 7} AgEo A= FE2E Ho U ol#d 7IE =A< 2-DOS,
strepdine, actinamine ] +Z7} #Hztd Ao 71X = gko] tjs] H7}sl)
A8l AESAHel  gle wE  HY(Figure 394 =Hegtd A HFS
=39 tH(Figure 40-42). 2-DOS, streptidine ¢ #Hebd Ao 1w x= J3FS

glole™ actinamine ©] - HWebd A Ao Twol 2w WEHH. o=
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kanamycin B+ 2'-NH,, 3'-OH, 4'-OH, 5'-CH:NH,, tobramycin < 2'-NHb,,
4'-OH, 5'-CH.NH, 7} Z3=o] o+ delo|thFigure 45). oA o &
tobarmycin ¢ #Hatd WA Z=H &7 2-DOS ¢ 4 Erio] AgtEol g

amino sugar o] FZ2A Q1 Z}olo A A= Ao R AR H T}

WehdMEE W% Ese 4% AAd 2nF PExdel i [5ll
WehdAEel ] AHH Wehde Fuel ggolelt AAMER o EHA ok
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f

olztZ A Heke 83ttt [52]. A¥A3 LPS AHE®H RAW 264.7 AlE|A
tobramycin ¢ NO A A&l &= ¢ge Aoz Yelyth(Figure 44).
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AzAlE 2 5 glod ogd dS Amsted =R 2 Aol Addt
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