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Antioxidant and antityrosinase activity of fermented silkworm hemolymph
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ABSTRACT

In this study, functionality of products of silkworm hemolymph fermented by Bacillus species was studied such as cell
viability, antioxidant effect, and inhibitory effect on tyrosinase activities. A matured silkworm hemolymph was degraded
by fermentation with Bacillus subtilis 10854 and Bacillus amyloliquefaciens M27. Especially, proteins of matured silk-
worm hemolymph were degraded to 3,000 Da by fermentation with B. amyloliquefaciens M27. Cell viability for MTT
assay was higher than PBS in hemolymph and fermented hemolymph. A DPPH free radical scavenging activity of fer-
mented hemolymph was as higher as Vitamin C and dependent on sample concentrations. Thus, these results suggest
that degraded hemolymph fermented by B. amyloliquefaciens M27 may have antioxidant properties as a material for

cosmetics.
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A 8 AFEELS wepdel BAE o2 20134
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At 22 3ol EES Hkedslr] $ste], AdE
7155 B83he E A7NEe] s o] FolA|

3 Qleh Fube bl vlsol wjs) AEAPEAS] F
7t2 2L 7154 AAE sl gl ow Fulso] E
Z A|}olA (tyrosinase)$} A 2}2~Elo}A (elasetase) A
Alszt AL o2 olgt Wehd o ZAksEe] x| &
ol dal] B 1=]o] Jeh(Jung et al. 2010, Lee et al. 2010).

Sm|AA 292 =2 okAA 3}t DPPH 2z A% ¥

el el Helu 71eA E AR Je
Aol Har®l u} gluk(Yang 2012). =3}, 0|2t HAES
e FE F ARSERE A A ol nAE e 9
3 WA= A=A VTS Frkee A7 B
IH T gleh. FFEE SARFEERRIE A, Lactobacillus)
I §R AR RM 225, Saccharomyces), D& @B 2~
2 Bacillusye F2 AHE-3F3 912, Shim et al.(2012)]]
w2 fakte 2 wash oYy WEFEEe] pHE A=
W 3lel] QP A3 SRS JAIk Xed s F
Qlekw W sjoleh. vl E Sjol] S5 B (Polygomum
cuspidata  SIEB. et ZUCC)E& E X (Saccharomyces
cerevisiae) 22 WFEA]F  SOD(Superoxide dismutase),
catalase A3} §AFA] L A3 JFoA] AT WE
FEET TF THoE AE a4 P4l T8I
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o] Qlvh(Fergus 1977, Reddy et al. 2003). _TLZ:T%O]E}_TLE
B8] Bacillus subtiliss -5 A2 i ol ol &
o] o] 8-%31 Q)3 Bacillus amyloliquefaciens= 1943‘3_01]
A2 Fsfrte] o] Eof A WARH e F2 o
315 opdelelAl S FHIsH: A= deA gleh(Welker
et al. 1967). o3=] A7l H-2F FE52 Bacillus subtilis
BCRC 147152 LEAZHES 1 = d= 2 ZoiH o]
=k DPPH AHreie]z 2784 o] S7lsledeta B
HeH(Wu et al. 2009, Juan et al. 2010).

o|A ATolA FEl Foll En]7Iel AMS o &
stof EAlolz Fol HRES AT 2 3 B,
Akl E9)F $5hE #el sl o (Chon et al. 2012). &
gt el S "l zeRE depd A4 oA 2E B

218k B} 9leh(Mun et al. 2013). 2 AT A= ol 5%
o] spFe2A 0 75 I AFHS STt
v AT o] §3le] rol| 3k Y EZE WEA7|AL o
71%54< B7rsk+
e X
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HA] el 24 24l }3‘:}. —v—JﬂE] el FeFe] 200
Hujo] FHFE 2 A4 , 9=z AlFIx|E

213ke] 60°Coll M 30E3T ﬁﬂ‘ﬂ 5]'951‘:} dx8 F 20°C,
14,000 rpmel| Al 527F AAEe]slal sl & A2
(Mini spray dryer B-191, BUCHDZE o] &3le] o1& A
Z3k+

2. ol SE =

ol 3 AP ZE 2% v B AT (Bacillus subtilis
10854, Bacillus amyloliquefaciens M27)S ©]-838fo] W&
3l Tt 5= Nutrient agar ¥W]A|ol|A] wofsl 1719 &
2Z1]E Nutrient Broth #]#] 100 mlel] 3 F 37°Cel|
A 1641 7F “5E wioFste] AREsldt. ®A] el Y Z
S 1% 22 500mle] SRl H9l ¥ FApIE
EY(0.2 um syringe filter, Sartorius)S AF-&-38}o] of 3}t
siAet. el dZ oo ulg] wiFH 2%
F wjeFel S 27 10 ml A AFste] 37°ClA 45 F<F
LR ZH.
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Warh 859 ol 3 HYE R JAE A7
317] $lste] LA E=sE & FA7] HE(0.2 um syringe
filter, Sartorius)® o{#}ele] LAl S48 Al8=2 AHE-3)

Il

wEoyo

160

R

Sk o5 wEAe $AFE SY3b] 9lskel NuPAGE
Bis-Tris Mini gel(novex, USA—% o] &3}od A| ZAFel A A
24 viRede] wheh A7) Ak 417]3 5]
989 A2 Coomassie Blue R-25022 4314t}

4. NEZSY

A 2hd Al £ (Melanocyte B16F1)& ©]-&-3fe] ol <3t
Pz wade] A x5S Frisledch AlEeekE <l
3 Wl X]= 10% (v/v) FBS (fetal bovine serum, GIBCO,
USA)¢F 100 U 2~E& Enlo]Ala} 100 ug/ml penicillin
(GIBCO, USA)] &% DMEM ®iZ](Dulbecco’s modified
Eagle’s medium-high glucose, WelGENE, Korea)S A3}
AT}, 96well plateol] Al E (10,000 cells/well)E 3}
24717k vkt Fol] rofl 53F HHE A3} Fof 3 "
HE UHEN S FEEE AR oo ME AEHS
MTTHS o] &3l &4} H(Mosmann, 1983).

5. gitst 57} 5

ol 57 WYz} Y= W) Fas BAS
DPPH (2,2-diphenyl-1-picrylhydrazyl) -r2lcZ &7 &
A FAL= Feldlolet. vivkEel 834171 0.2 mM DPPH

‘Pﬁv}. fﬂfé?&i% 40 pg/mle] ¥ler
C(Vitamin C)E AH-3}gic}.

6. E[2A|LIOIN| &M xS £H

Aehd A4 Z7) DAl Fedshs ElZAvtelA|e] 2
S JAIERE v G371 lEA dobir] fls) B2
"]‘/}"}Zﬂ 24 JAHE SABAT B2 A velA] A4
Z4 2 Choi et al.(1998)2] WS W3 3}ed, 96well plate
o] A 40 W= ¥ 83 mM L-DOPA(3 4-Dihydroxy-L-
phenylalanine D9628-5G, Sigma-Aldrich Co.) 120 pl3}
125 U(unit) ™4 5E]2A|o}A (tyrosinase from mushroom
T3824, Sigma-Aldrich Co.) 40 pIZ &3}, 37°CelA
308 HFSAIZL F 490 nmoll M FREES S sted AYAE
=3}7] *=(dopaquinone)2] F& AAFsIAT) T3 M E )
o] E]lZ2A| oA FAS SAsL7] Ysle], 24 well plate
of Waphd Al A E(Melanocyte B1I6F1)3 100,000 cells/
well& BF3l1 317 AE wjokaledch miRS Aoy o
I ABE wiF] e Aol Mg F 37°C, CO, #iF7] el A
—,J]-i 2421 7F okl e}, Trypsin-EDTAZ. M| E£E 43
g 5 12,000 rpmell A 587 QAR F ASS A7 s
I A ES A F=Z9l (Protein extraction solution NP-
40yl EolE ¥ 10323 Dol WAIEd S} 14,000 rppm
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2%9] wlA Y 2T (Bacillus  subtilis 10854, Bacillus
amyloliquefaciens M27)& o] 83lo] ol &3 JHZE
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Bapeke A (aH 1), ol 5% P == 70kDa
T2 Al 5=l ket izl i =7} el vk,
= WENLE 70kDa®] o] | Eajafe] iz
2 ARES st 53] Bacillus amyloliquefaciens
M275 o]-&3te] WEAIZ] 7% EAFFe] A d4
o] Bacillus subtilis 10854 w13l wi-¢- F213}A] R},
Bacillus amyloliquefaciens M272 & § | Ex}3}ol] 2
2= A7 SAEP] Slste 15 29E LaE A3}
L olo] xS ISt 2). = A, Bacillus
amyloliquefaciens M275 o] 83+ M ENL |5 WE Ao
X 70 kDa®] wHzle] 40 kDao|3}e] Az F-A}Fol
AshdS Fold 4 el W o3 BxlsF 3=

Fig. 1. SDS-PAGE of fermented silkworm hemolymph 1: 1%
hemolymph (HL), 2 : 1% HL + B. subtilis 10854, 3 : 1% HL+B.
amyloliquefaciens M27.
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Fig. 2. SDS-PAGE of silkworm hemolymph fermented by B.
amyloliquefaciens M277.
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Fig. 3. Cell viability of hemolymph fermented by B. subtilis
10854 and B. amyloliquefaciens M27.

Weng et al.(2010)¢] Wl Fst2-S- Bacillus subtilisZ- W&
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Fig. 4. DPPH free radical scavenging activity of hemolymph and fermented hemolymph HL: hemolymph, HL + 10854: HL + B. subtilis

10854, HL +M27: HL + B. amyloliquefaciens M27.
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ol %% APz} ¥ = wrEole] DPPH el
7 2/ AR S Zsh YT hE 2F
DPPH AH-2le|zt 2784 wglor, JY= 1 3

HEIS BRGE o oS FAks S} ke A
s 4 ddvH (¥ 4). Bacillus subtilis 10854 ¥
of o3t dP = wraolo] kst S4le] AP F 7t
st o, AT 7F Fo AR dsdeh =3 200
ug/ml®] oA HFHZ kg2 o 2}l vlet
"l C(vitamin C)°ll ®B]al FAbs} B37) sol A= Ak
A9k 78] fAkE 84 AEE vepdigich 9 it g ol
o] ¥xl2F A3} &7} F3IAY Bacillus amyloliquefaciens
M27HFZ o]-&38}e] 457 wtaA]7|n W& 7|71 DPPH
AR ) 298 AU 5 49 2
T UEAFE doll= LR A FoHQl Aol E Kol
2 kot 2F oA MEAIFH S W oF 5% ol A
gz 27 B4 THe] F7HHE et 2 e
TAFFE shabs Eake] AlE oY ErellA XaH vt
el AAke] =AS A EAR ks A7l e
ARt S Mol ofn|xAke] F74E f=3] DPPH A
2z A8 o] SUkehs A eR Helvhal HAE g
(Yang et al. 2011). SjX]¢] FAstd 7lpEs) 50| 53
HA g2 g AE Y o 7t e s T
g 23S Eodva Eus =3 (Yang et al. 2011
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Fig. 5. DPPH free radical scavenging activity of fermented
hemolymph (B. amyloliquefaciens M27) by periods.
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10854, HL +M27: HL + B. amyloliquefaciens M27.
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=7 Y Z o) rol] 2 - ZE Bacillus amyloliquefaciens
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subtilis 10854, B. amyloliquefaciens M27)2. 2. ¥ & &}o "k
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