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Abstract

In chronic wounds such as bedsores, bacterial infection prolongs wound healing, and biofilms are a particularly important
inhibitory factor in wound healing. Therefore, wound management requires inhibition of biofilm formation, and research
is being conducted to develop products with anti-biofilm properties. Silk is composed of two types of proteins, fibroin
and sericin, and it has been reported that fibroin promotes wound healing and sericin has antibacterial activity. Therefore,
we wondered whether sericin could inhibit biofilm formation and investigated the inhibitory effect of sericin on the
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biofilm formation of methicillin-resistant Staphylococcus aureus (MRSA) strains isolated from wounds in vitro. Two
MRSA strains with high biofilm forming ability and a standard strain were used. Sericin was extracted from silk by
high-pressure steam sterilization. Sericin was added to the biofilm forming process of MRSA strains and its inhibitory
effect on biofilm formation was evaluated. Morphological observation showed that the pigment in the stained biofilm
was attenuated. Biofilm assay using a microtiter plate showed that the mean biofilm index was significantly inhibited by
66.1% in the sericin 250 pg/mL group compared to the control group (0.417 vs. 1.231, p <0.01). These results show that
silk sericin has an inhibitory effect on the biofilm formation by MRSA strains. Sericin contains many positively charged
amino acids with hydrophilic amino acid residues, which are easy to combine with the negatively charged bacterial
surface. The feature of molecular structure was thought to be related to its anti-biofilm properties.
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a7 LIRS BV THIE ISR 2 B L X B 5 0, FRCASIRROEERHHEEK E LTNAE T 1)V
LODFEND D, ZDIDAUGEHTIX, AT 2 I)VLDIEKZIHEST S EhRDEN, TSI A4 T 2 IVLMEHZ%Z
A9 58NERDEDSNT NS, VIVTIE, Ta70A420v ) VD 2HEORISTETHREN, 70704
VIFEMGRERIEEL, V)V RVIEEHZA T 5 EOWENH . FT T, 1BHEGOHRALT 2 EINTH SN
AX T4 IWVLDIEKZLY K> THEBTERWVNEER, AUENSDEEFE NIz A F ) Vit T B R
(methicillin-resistant Staphylococcus aureus: MRSA) ¥kD/3A A 7 ¢ )V LN KHRIC XS % 5588 72 in vitro THGT L 7z,
MRSARKIE, ENA AT ¢ )V LEKEER S 2 PR BERE 2 #k & EEHERR 2 W T2, SV 7 I3 ERSURETE T 7 « 7|
AR CHEER TR U Ls, NI T 0 )VLAIERGEIE TR Y U EINA, INA AT 1 )V LJERKIC
W9 BHFRZBREANCBRT 2L Lbic, XA 7a2 A 2—TL— b EHWNA 4T 1 )VLT v A Thiofilm
index (BN)ZIE LTz, IEHEZINBIS CIIRE LTaNAZ T 0 )V LOBED I T T L BB LI N4 T 4 VLT v
YA Tk, BAIRE250 pg/mLDY Y & P ERIIEEDHRREC LR TFEBIAY66.1 %K T LT D (0.417 vs. 1.231, p < 0.01),
Y1) Y UBMRSAIC K BNAF T ¢ VLB EIET 2 T ENHLMC R T2 B ¥ FIEICHE LBkt 2/
AR D7 I /2 8AL, AIKMEL TWAMEREREHEALLT VT ENTFHEIN, ZO5 TREEN/ A
F 7 VLIS IERR EBIEL T2 B2 5Nz,

E FENEHYED K D—D & U THUE U 7o RHERDWAEL & 7%

i 7s SARTEANE T MR DSBS A T ¢
VL ETER UIBEASEIEL T 5 T LRI TS,
BHGEICAE U7, iRsRmic 2Rk 7z etk UK
IROREEMETELUNA LT 4 VL UTHFES %Y.
INAF T 1)V NI BPERNE D60 % LA FITAFAE LEELD
RBEGERNTHZY. AT 0 )V LEZHE, BEHHE,
PEEE 35 X OB/ DNASE D S #H A E 1 5 AL & oy
TW'E (extracellular polymeric substances : EPS) I & -
TIEREN, AED 2 WVE TSI 2MEE, /N1
AT 4V LRiEEE e U, RIEVERIBAO SR -
HARRION T2 T 720, AUGERICHEOTE
INAFTT 4V LDEKRZHES % Z LMD THETSH
%Y.

BRI TH 2 EBEOREEHEE T3, BREOEN
B & A, FFIT methicillin-resistant Staphylococcus aureus
(MRSA) ZH{TEEMT RUBKEMNE LY, 18 Pk
DHETE, HOT R UERED93.5%, wRIEEH52.5%
ZED TV, FHCMRSAICEY L A1 HEAE L,

2.

BUEDISA AT 0 )V TR UTHER AL LT, R
W77 PT IV, RERYI—R v af—hMlifE
NTOEDHIRIIRENTH S, fucs, Filg, 1%E,
UK, RUANFHFAFL BT T (PHMB), 7%
EDOHISA AT ¢ )V LFEIE U TOREEENMRE T N T
2 SEAETEPIEKRS ORI ANFF =R, FiG
HDREZ A HEEENTT IVHMER T N —EDRRD
BoENBEIICESE". LAL, MENEK LN
AF T 4 )V LD FzDIREICHR T 2 PR SR IEAE D
JEBNEZ L, NAF T 2 VLT « 18T 2 120D
JHEIE DR E L XT3,

VIVIIRT e TaA ) OEED R IS8T
BHTHMRENS., UL, 7« 7o UHkHEE L
BEEISEIREBCEENS. IV EBRE LTHR
T5Y6, Y IFREEIEHICID BRah, FEo Tz
MHEB DT 2 T A UHFHEN TS, V7 IEH
BFMioSRE UTHHETN TV S X S IcA sk
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WAL, MlRNZ ST & R e owt, HEH
faD RO, HIfED 5% k7 U O B
BXUHIBSEIC DN EEZBNT NS Y.

ZZT, BLZ, YT VOREERICERL, 8k
BVESE P THERST 2344 T 4 )V LADFEEIC DOV TR
MIBTEEL, AMED SIS NIzMRSAFK 77 BERE
DINAF T 4 )V BRI 3 2 TN R 2 in vitro TR
L7z,

WRERZE

1. €V oMt EE

LU T EIEAKEREE (A=~ L—T1k) TH
U7z 2V 7 HE.5e7% lem A FEEEIC E T L 28 7K60mL
ZMA, 121°CT207 O @ 2SR 21TV, MRHESR
BT 1 TUA Y EIRWEE DDV > N HEE B (Fig.
D, WMEH—ETAEL .

ML) OR8N EIEEIX, Bicinchoninic
(BCA) £ 1T Kt D &, PierceTM BCA Protein Assay Kits
(Thermo Fisher Scientific)Z FHUCHllE L 7z.

A B

Figure 1 Extraction of sericin(High-pressure steam sterilization method)
(a) Silk cocoons. (b) Cut silk cocoons into 1 cm squares. (¢) Cut cocoons
with distilled water in a medium bottle. (d) After autoclaving at 121°C for
20 minutes.

2. SDS-KUT7 7 VIVT 2 BT IVERKED

Ny > DyFEIE, SDS-RY T 7 UL
7 2 R IVEKIKENE(SDS-PAGE) CHEFR L=, 7 7=
< — 77 —I¥DynaMarker® Protein MultiColor (BioDynamics
Laboratory Inc.)’Z V>, CBB (Coomassie brilliant blue) 4%
tziro .

3. WRER
MRSAFKI, 2021 ~ 202241 JE VR B A 9w bt TRIE

RARD B 0l & NIRRT BERK 6 Bk (#1 ~6) ZflH]
Uiz, X8Rk E U TMRSARHERE (ATCC : 33591) 1 #k
(#7) ZWiHLT.

HREE T, VITEK-MS(EA XY 22—« 93T
FhE L fz. SEHNEAZ MR IE, VITEK-2 7)V— (B4
A 2— - Ty I8 E T2 IX1A40 MICIGRIHE ) %= H
W ENE L 7z, MRSADH]EFHEIE, CLSI (Clinical &
Laboratory Standards Institute) M100 S-29 M % #£ (oxacillin
Z 4 pgmL £721E  cefoxitin = 8 p g/mL)ICHED 7z,

R, ALV 7 THESRE U EfkE ik
FERIGHNCIRAT L37CC4R MR L, ThENORK
7 TSBIRAREHIT, 37°C 18RIk 25 LIEFRI U /2.

4. BIEFEICNT B TV DFEOFHE
RATARARZ—=TL—bDET VBT, Y
2 VIEIE250 pg/mL OTSBIRRETHI 200 pLIc 18KFHIR 2
U7z Rk D BB L ZNZE NN Z, 37°C TRbE s
=L, WEEZEESSim (0D595) THIE LTz, It
X BARRIE D © 30T F TR RIS HIE L, Z0%IE
olRFfiif%, OWERTE, 120RFRTTE, 24IRFIRICHIE L. &
U & 2NN LR WO TSBIRIARE NG 351 % S kD HhiE 72
R L.

5. NAMATA4IWLTvEA

INAXT 0 WV LERBEDEER, 7 7aL—h
BTk 96 2V L— D&Y £ )VIZ37CT
I8IRF R 5 2 U 7o RIS uL £ 2% A 7 11— A 7z il
Z T TSBIRAE 200 uLZdRII L, 37°CCISHFE & L
fo. RS LIEZ2WEE UKGEZK CEMNCYRE LTstE, v
JVOEHE MR E NN AE T 2 IV LZ01% 7
VAZIVSAF Ly b TsHoEREL, HERELK
%, 95% %/ —)L200uL% N % CTYAfE L OD595% Il E
L, BiidHORHEY =)L DOD595% j# U 724 % biofilm
index (BI) & L 7z.

6. NAF 71 IVLDRREFHIERR

INAFT 4 VLT v A TY ) VEEICTER E Nz
AX T 4V LSRR, R, M (x>
A A=A T VHOCHEMED VT, DRI
C B BIE 21T - T2

7. INAF T 1 ]V LIHIEER

AR AZ—TL— DK U, ¥V
250 pg/mL, 50 pg/mL, 10 pg/mL, 2 pg/mL, 0 pg/mL®D 2%
A7 A — ZNINTSBHARE HI200uL & B & #IHS uLzhn
Z, 37 CTCISIFMEE R L7ctk, NA AT 4V LT v A
TBIZHlE L.
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8. IREHEEMR

INAF T 1V LAERERIC B THRE S N
W&, PEME S AEERR S LR L. Matikbii, R
WARKZ MR e U, —eldiE&@ it e, hicki
< Tukey®D 2 & L UE 2 F2 i U7z, FIEAIC N4 % &
V>V OREEOTAMN T, Mann-Whitney URE 7 F it
U7z, #ERH#ENTY 7 BIX, Statcel ver.3 software (OMS, H
AR Uz, AEKUER001E L, p<001ZHEA
Hoeli.

=R
1. U0t

LU ¥ VI EICBCATE TR R T BRI 2 JIE
U7z, &3 mifryy, L 1 BE10.8 mg/mL, 2 0]
H13.2 mg/mL, 3[EIH14.4 mg/mLTH - .

2. SDS-PAGE

144 mgmL®D ¥ VU ¥ 2 WS pL, 10 pL, 18 pL7%
SDS-PAGETCEM L7z. 77 FmidBIE K Z30 kDah 5
220 kDalc 3 L CH D, HiiltkDd 5 A X 7 IKICHHER
iz (Fig. 2).
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Figure 2 SDS-PAGE of extracted sericinDigital subtraction
(D molecular marker. @ sample SpL 3) sample 10uL @ sample 18uL
Sericin was distributed from 30 kDa to 220 kDa like a smear.

3. WREMRD/INA 7 1 )V LFREE

REPR 7 BlERE 6 1k & MRSARSHERE 1 #ROD/SA AT 1 )V L
7wl A RN LTz, TNFNOBUE, #1/730.278, #2
7180.858, #3M1.216, #47131.679, #5151.423, #6550.906,
#1 (FEHERR) D317 TH -7z, #7 (BERERRD) XD Ew
BlZZ/R UTc#4, #5, BXU#T (BEERR) O 3#kZE VT
INAF T 4V LIRS & 475 72

ity

4. EIBEICRT BV DRE

YUY UEHFRIMLUTOWARWTSBE I & v ) & Vil
250 ug/mLOTSBEFHINIC 351) B HAEME 2 Lhfig U7z, kK
#a, #5, #IRTICB O THIH T2 A EZEITER
Tiro iz (Fig 3).
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Figure 3 Effect of sericin on growth of MRSA strains in liquid culture.
The growth of MRSA strains in TSB liquid medium with sericin (250
pg/mL) and without sericin was compared. Turbidity was measured
over time at ODS595. (a) strain #4. (b) strain #5. (c) strain #7. Data are
presented as means + standard error and Mann-Whitney’s U test was
performed. n=3.

5. NM1F 74 IV LOREFHERR

P A2 BEINEE TR ERE #4031 A T 1)U L ORIk
MU o VEEE250 ng/mL THHEI N TV 3 T & HEIE
ENniz (Fig. 4a). Wk #5e#7BHEERICE Y & V250
pg/mL TIEHHRIC LERTINA A 7 ¢ )V LN OREE (A DY
I LTz, BB EMEE T, WAk #5031 F
TAIWLERGLUIET ) ZZ)NAZ Ly S DEED
FEINTHT LTz (Fig. 4b). &Rk 4B XU #78 [AERIC,
250 pg/mL, 50 pug/mL, 10 pg/mLOEE THkIsT 5 &
WMEZ I Nz,

sericin ) 250 pg/mL

(=) 250 pg/mL

Figure 4 Morphological observation

(a) Phase contrast microscopy findings (#4). (b) Brightfield
microscopy findings(#5). Biofilms were stained with crystal violet and

observed.

sericin 10 pg/mL
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6. INAF 7 1)L LINHIEER

XA aRA2—TL— N TOERBTYA 2 %ZFig. 5a
12, 37°C 18I TEF B DO W & Fig. 5bic, I N
TeNAF T 4 IV L7Z201% 7 ) AZ)VISNA A Ly B TH
TFRICIS% T2/ — )V CIEfR L 12 IREZ Fig. Sclc, 7z
FREDOX Y ¥ S OBIZ Table HIT/RT

Fitk#a, #5, #7001V ¥ VPEFE0 ng/mLOBIIXT %
Ht ) v VRETOBIOIHIFE (inhibition rate) 7 Z 1
ZNFig. 5d~AC/RT . BERk#4ERIE & RIEER TR 1
MNEAEEZA LD, BEMRFNCNAA T 2 VLB
AR E N7z (Fig. 5d). BEM#SIEHIRE 10 ng/mL D[]
WICEREZ R R o7, 250 pg/mL Tl A REICHE X
NV (Fig 5e). BT IEEARAT I 2 Bl ERD R
HH M, 250 pg/mL TIEAREICBINK FL TWz (Fig
50). U V250 pg/mL & R E O LLE T, #
Fr#ah364.3% (CFEME0.412 vs. 1.153, p < 0.01), Eifk#sh
56.1% (0.466 vs. 1.061, p < 0.01), HEHk#7H374.8% (0.373
vs. 1.480, p < 0.01), F1966.1% (0.417 vs. 1.231, p < 0.01)
OMHEHRMNA SNz,
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Figure 5 Biofilm inhibition test on biofilm assay

(a) Experimental design on a 96-well microtiter plate. (b) Culture
solution incubated at 37°C for 18h. (c) 95% ethanol solution of stained
biofilm with crystal violet. (d~f) Inhibition rate of biofilm index by
strain #4, #5, and #7, respectively. Data are presented as means +
standard error, and one-way analysis of variance and subsequent
Tukey’s multiple comparison test were performed. n=3, **p < 0.01.

Table 1. Biofilm inhibition test

Sericin concentration

strain 250 pg/mL 50 pg/mL 10 pg/mL 2 pg/mL O pg/mL
44 mean biofilm index 0.412 0.597 0.767 1.079 1.153
standard error 0.049 0.043 0.072 0.086 0.073
45 mean biofilm index 0.466 0.806 1.119 1.091 1.061
standard error 0.034 0.064 0.164 0.095 0.067
#7 mean biofilm index 0.373 0.743 1.059 1.216 1.480
standard error 0.040 0.110 0.168 0.120 0.230
EE

AW TIE, MEAKMMEETEONIZEY O UN
MRSARRIC K B 8AF T 4 )V LIERZRET 21EH 2 G
TR EeZPSMT LTz, SRISNA T ¢ )b LHRh R
NH LN ) T BER, FSEOEFRICHTEE LTH
WA T ATRERIRIE TH D, AWIFEORE R

&, PiNA AT 2 )VIERZAT 285 E U TORFED
BT —Rixb LEZISNS.

U, VLR, TIVAY R, REZHVD
(LR E DTV h St E NG T LH5
NTWBH, e —RINCITHbI TV 2 TR nEL
HETHS. 7IVAY, B, REZHVHIE T
BRSO BN A EBMORERTIES R E L 725,
5L, JRBCKAHETIRIREICE>TREY > ohhn
IKDRENTARECTIEEHZEDE SN, 7IVAY
HDBWVIFBIC KBTI U UDREL D & E
TSR E S ZL LT & CTHIETER DS % £
IWME BB h D, SRINGETASIEILEIC KD
vy oMt ERAR Tz EIERKEE Tl Uz
VU2 ZSDS-PAGETIEM LIz ZANTREBBLZ
30-220 k DaDFEIEIC A A 7 IRICHERE E Tz, T OREHRIE,
LU RTREOT 2/ BTHRKE NDKIEED 2 >
ISUET, %O F51324-250 kDald 949 % 122
EWVIBEDRE LB U, EEAKIHEE RIS
YTyl cER &KLk,

Table 2. Amino acid composition of sericin

abbreviation amino acid name  mol% polarity

Ser serine 31.0  hydrophilic
Gly glycine 19.1  hydrophobic
Asp aspartic acid 17.8  hydrophilic
Thr threonine 8.0 hydrophilic
Glu glutamic acid 44 hydrophilic
Arg arginine 39 hydrophilic
Ala alanine 3.8 hydrophobic
Val valine 3.1 hydrophobic
Lys lysine 2.7 hydrophilic
Tyr tyrosine 22 hydrophilic
His histidine 1.0 hydrophilic
Pro proline 0.4 hydrophobic
Ile isoleucine 0.4 hydrophobic
Leu leucine 0.2 hydrophobic
Phe phenylalanine 0.2 hydrophobic
Cys cysteine <0.05 hydrophilic
Met methionine <0.05 hydrophobic

YU NET I BELTRY VA%, TV
ET AT E VBN ENTNIN%, 178%B 2L, X
WCALAZY, ZIVEI VR C1TRENGA SN,
ZNBUKIET 2 VR TH S (Table 2). 7 2 /1
DOIARGEICIE, 7 2 VE (NH2) BH D, FfFick-
T7m b oeE Ny 2 /3 ((NH3) ICA#E B s
5. BUKMETY I JBEENEZ 2 DD 2 Ui,
TOT I /BOVAREEIC X > THEENZEDEEX
5NTWV3,

MMl O£ L, KRBEHPTERmMICE DL TS
T-DIIVRFD)IVER Y VET: EhMiREE L CRICHTE
LTWaEHEAENZ L, MEXKME/KPTIIAICHELT
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NI O T MBI T & TR & i
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WAEEMLC D, ZOEAKOEL L EE 2D IRT
TETNNAF T 4 I)VEDFEET .

7' LR ORIfaEEE, XTF RT VA VIR A
afgxE R, IREZEET S R A IRBISHIFR & 5
BLTWA. ZAaMBFEICHEL, 75 LGEEOM
frBEDEM 2 B RE> TWAY. D& S ICHIEIEE
RIAEHHIC B TARICHEFEL TWS D, vV vo
BUKMET X 7B EDNEDIEICRE LT 2 /B
Ld V. COMAMERIC K > THEOBEIEI B XU
MasEEs eI ) YV HEERZEHT %
R Z T, U Y UAEOBEE IR AN E S
INC DWW TR T OETEME Z M5t L Te s, 'Y >
250 ug/mL CIEIMRSAKEDHFEIZIHIE Nz h - Tz,
LML, N7 2 )V LHfEERTE2Y & VA FE U
JETINA AT VLR 2T 28R 7> Tz &
5, YU YONAFT 0 VIIERIEIRIRE, PUEE
PEIFBREEZ AN ALK BT EAREENS. 5%
SHICKREIDRETHBH, LB LEEY DT
S/ EDBEICHET MEMEE AL, FERDE AR
MICN&ETE R o> 7zAaEM:, & L&Y & UHEPS
DI Z IR L 7 alREENE 2 51 5.

AWFZEDOHIR & UT, i L7MRSAF KN 3IFE & D
<, E5ELMHNRZHERT 272DICZ < DEKT
WAFT 2 0B H 5. F72, MRSALVFOEEEDAIEA
W BIE L X B BRI L T B FEREOIER N A 51
DIREIREEEZ B,

FEAKMEEIC K > TR BNz Y Y U DRED S
S NTEMRSARRIC K B 3A A T 1 )V L DB 72 BHE
THTEEHLMC LT EE BTGB 5N
AF T 4 IV LERIEO X FICHR FFERT N HETH
5. VIV IZEREE BN LR 2O BOEMTH D,
SEESNIMRIEE ) & R FEMR L I 2 8RR
HFIOPIFRDOATREN 2/ RTEDTH 5.
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