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Abstract

Probiotic strain is known to regulate the immune system by colonizing in the intestine
and interact with intestinal cell receptors of lymphoid tissue. In this study, safety of
Streptococcus thermophilus KCTC14471BP and silk fibroin coating effects was
evaluated with respect to mucin binding abilities and immune system modulation. S
thermophilus KCTC14471BP was coated with silk fibroin by adding 1% water-soluble
calcium and 0.1% silk fibroin. S thermophilus KCTC14471BP showed the high
activities of leucine arylamidase and B-galactosidase. Regarding the antibiotic resistance
tests, S thermophilus KCTC14471BP was susceptible to ampicillin, vancomycin, genta-
micin, kanamycin, streptomycin, erythromycin, clindamycin, tetracycline, and chloram-
phenicol. S thermophilus KCTC14471BP coated with silk fibroin showed the improved
mucin binding ability from 16.1% to 71.3% and was confirmed to have no cytotoxicity
against RAW 264.7 macrophage. S. thermophilus KCTC14471BP coated with silk fibroin
showed dose-dependently significant increases in pro-inflammatory cytokines IL-18,
IL-6, and TNF-a. These results suggested that S thermophilus KCTC14471BP can be
expected as a promising probiotic bacteria for applications to food industries such
as fermentation or functional foods.
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(FAO/WHO, 2001). Q1A EX5H #AE F/dota Q=
TPYE A2 A 54, Ao gt YA B8 5ol Yol =
e} A7 ol ¥ £ Hut ofd2t A 4 AA1Y ¥
FES S YoHWilkins et al, 2017). Z2Hl0|QEAE &
L A E7RIT HE WY AlAH 2E) Folldt A FE
A, drkE B4, & T Bt 71ofste] S50 A%
2)of 835t I8k SItHWilkins er al, 2017). o]&|gF T2n}
O|QEIAS FYTo RN A vixly] A% d 7 E Al
Y| AEYARKE S HI51 A H2sZ FIAE 5= 3
tHKwon er al, 2021). 3A9t T8 ZAojA TE2Ho|QEAL
g 28] 9l Al ol EAfcke Alxd, T, 2d,
DNA o] &2 4 1, 0|2 ] A5t Z2Hlo]E A
A R 22 71sAQl vigAdet I 4= dtkdu
Toit E er al., 2013; Perdana et al, 2013; Sehrawat er al.,
2022).
ILZHPO| QEIA] A A7 AR A nE 24 H3lof IS
Z & Y= 393 9] sfuthRodes er al, 2011). 285 =T
ZHPO|QEIAL A O] Aoyt intestinal tract)E AUA &
s 39 dE7) s v, dFE = B8y 3 siedc
(Yao er al, 2020). 181 ZEHlo]|QEA] & W HFA|7H
7k = Eo o fedto] ARl o A4Sk, e
HIo]| QEIAT} folet GitE WS 4= Q= FERL A AlSSt
ot &#HA UcKFernando er al, 2012; Gueimonde and
Salminen, 2006). @2tA], ZgHO]QEAL] 7|5/dE Fiatst
7] $leliAe A Al AR S8 Aol 851, ol Yol Y
Ay RS Eole Aol F8sithCelebioglu er al,
2018). FAl(mucin}& At Al 9] goiids ke Fejud
Z71E0] 2k S FASE F12E 201 §lo], HHoA Hret
Agl EAS Algole 9T $ItHCelebioglu and Svensson,
2018). HAHZ2 Ivtyoz Aok Hokg Hi 9o, o
Ao Qlole] SHcHE Hi= WY 79l £29 F&RZ Hdfst
= 375 ZH=tHCelebioglu and Svensson, 2018; Kwon er
al, 2021). ZEBO|QEIA 7} Hakai} F2e-2 A AFAE
I WS AWIE 7ML 1o, oo BAAR] HiAE
B A +59 #33h AW Al 54 24 24, A T2
QHYs}, W9 24 5 w50 783 TS AHZeE v
4 Aok HoA FQ51HCelebioglu et al, 2018; Walker
and Duffy, 1998).
A |2 QR HAARRE 559 A7 A7]7] Y3 AW
A Hrojo] "I A”lo|lthMarshall et a/, 2018). YA} <5
2 AASIZ A5, Ak 4] AlEs QRERY e

)
i

IN

do 12 o

1o
¢

_1

40 | https://doi.org/10.35732/ctlabp.2022.8.1.39

A wHfop] 9o WY 28 ARIEZRI(TNF-¢, 1L-18, 1L-6
51 Bujsto] " AAES 2EHNoh er al, 2022). T2
Hlo] Q Bl A= A £0] #F-2 X Hst] WY A|AHLE EA3)6l=
4 =93 g8 sttty BuEo] QltKlehtoranta er al,
2020). A5E Z=Hpo]| Q€A A LojlA] Azbsto] AF Adn] Al
9] EAet AYARI oAE 2 4 AT Hx 2270 A
ARl F5A4-8-S olA Elo] HY AlAR 2Fo] BofgttHYousefi
et al, 2019). o]2J3t ZZHlo] QEIA 20] Yol Syreptococcus
thermophiluse 8% 715 738}, Wt F2F 94|, WY A|AH]
24 5 &FA 583 8AE AlFols Tt A X8E 1
QtkMizuno et al, 2020). 1 AEIZ, S thermophilus®] HH
Zd a8 3RO R2H S thermophilus TR FAE] A3
7 783 a9 £ & o] ERIEUHDargahi er al,
2021). ESh B AL S thermophilus KCTC14471BP2)
A GAA B4 Bote] " =30 & 4 9= o
exopolysaccharide gene clusterg 21024, AAfA F
43t 338 & 5 U2 IS v UTHKim er al, 2021).
oA ¢ito] ojo], £ A-tollAl= S thermophilus KCTC14471BP
o] A W 2 54 ZHS FRIste] ZEHo|oEA PSS
ket Al FEE HSoloitt. T3 MTT assays B3t Al
X =43 pro-inflammatory cytokines &91& &3t WY 24
TEE RIFo 2N AT gHEQ] I thE HY 49 Al
A 7tE kst seick

=z 2 U

fi 22| 3 Y

Streptococcus thermophilus KCTC14471BP(ST-27)5 & <
TolA ARESIATE o] @5 Coeuret 5(2003)2] Hriol m=t
bromocresol purple(BCP, MB cell, Korea)s|AS A}25}o]
UaRERY 2eoiyltt. 759 vt BES 95 deMan-
Rogosa-Sharpe HiA(MRS, BD Difco, USA)E o]-&3}o] Hiok}
FAE Ptk

SAel A7 mHZQ1 [E

A3 mBg9o] Fo| E g7E B7] 93l Kwon 520212
o] whet 52 Axote] MES A|lxotnt. 7] 7]&std,
ory7]ol =2 ST-27& high speed centrifuge(supra R12,
Hanil Co., Korea)2& 11,500 xg, 4CO=E 208 59t &3}
Ak 1% $84 24, 0.1% A3 HZQI(SHE H7sle] %
23S EHoIst the, freeze dryer(freezone 12 L, Labconco



Streptococcus thermophilus KCTC14471BP2] QP& M7t 2l A9 mE=ZQ| F-9)

Co., USA)L & 52 7xslo] AF wH=Ql I {4kt
(SF-ST-27)2 &t

ol
=

=hA

g4 24 Ht

ST-279] &4 4L H7ls] Y8l APL ZYM kit(BioMerieux,
France}E ©-&5Ilth. A|2AM] TR EFo| wehi A3t 5=
9] Ml N=E 27 FFoto] 37ColA 4A17E videtdint 1 &
ZYM A%} ZYM B AlekE 217 7ol A wH3kE ERIskit.
A st 714 3ol tfgk 4 ofiE wEsiylon, vkgel A
T (TS 2)olA +++HEE6] ¥ o E BT

SN Zed ot

ST-279] A 3= H7FsF7] I8l ampicillin, vancomycin,
gentamicin, kanamycin, streptomycin, erythromycin, clin-
damycin, tetracycline, chloramphenicol®] E-Test(Bio-
Merieux, France}& 7ifsto] ARALS] T2 ESE wabs] H7}
ah9dck 1.2x10° CFU/mLY] =& S4t Al AZE MRS
agar plated] B5-02 =¥ & BE-Test/} AARR] s 2211
37ColA 24~48A17F <t Bttt olF B8E Aok g
Qlsto] HAAG EEMIC)E SR

Mucin ZET 225 Al

Munoz-Provencio 5(2009)2] A% <& -85t mucin
binding abilityE B7FoI¥tt. Mucin from porcine stomach
type II(Sigma-Aldrich, Germany)E carbohydrate coating
buffer2 3143t 0.4% mucin €92 12-well non-coated
plateol] 200 pLA E5510] 4ToA 2447 B¢ RS
Mucin®] ZE4E wellof] 4x 10" CFU/mL9] ST-27 ¥ SF-ST-27
S FET F 37CAA 583 5% COZF ALY Q1FFHolE oA
247 B wRE o, 2R 2 AEE Dulbecco’s PBS
solution(DPBS)= ©]-&5te] 31 A5l A|ASIGITE. 1 F 54
2k, 2407 B9 BRI S wA A FARER] o MES AIA
SHTt. F2kE SRS 0.5% trypsin-EDTAS 387 A &,
mucin ZHLOZHE E25t0] MRS agar plate©l] HoAGH
(plate count method)}& o]-85to] 37ColA 48A17H vl & &
2 g S5

MIE HHF
ORQ-A AR RAW 264.7 AlEE= SHA|EF23Y(KCLB,
Korean Cell Line Bank)ollA] FU3t3tt 10%9] fetal bovine

=r= W%
&

serum(Gibco, Ireland)®} 1% antibiotics(Thermo Fisher Sci-
entific, USA)S *3I5t Dulbecco’s modified Eagle’s media
(WELGENE, Korea)ll A BiF=IiT. M= 37ColA 5% CO,
9] 7k5 ol oA HikstlTt.

MTT assay A&

8. thermophilus KCTC14471BP(ST-27), A3 mlH=Z?] I¥
THSF-ST-27), Lactobacillus rhamnosus GG(LGG)S AX =
AL H7117] Yl 5-3-(4,5-dimethylthiazol-2-yl)-2,5- dip-
henyltetrazolium bromide(MTT) assayS Song 5(2021)2] ¥
W Hyslo] AAETE LGGE 94 HRTEo =N A5
o}, wE] WY RAW 264.7 MEE 96-well plated] 5x10*
cells/well9] =& Eo10] 2417t vijokatict. ZH2He] welloll
50 pLo] M= wASHAL Alato] AAE A5WS 50 uLE A
Sto] 6AZE viFSIRTE. tRT-2 Lipopolysaccharide(LPS)
1 #g/mLe] =2 X251tk MTT solution(0.5 mg/mL)S A
2lolal 4ARE REGAIR] &, AF5HE A[ASIAL dimethyl sulfoxide
£ 37tste] A2ollA 308 &<t BESAIFHTE Microplate spec-
trophotometerE ARE51Y] 518 nmolA S4EE SAoto] Al
BZLE(cell viability)S AABIHCH

A
A

with sample

Cell viability (%)= X 100

without sample

Real-time PCR &3

A3 1B 29l 39 AN BL(SF-ST-27)2] A3 mE=g1o] 2
250] ot A5 A AFIEZIRIC] gene expression 273 &
olel7] ol AAISFT}E. RAW 264.7 AlZEE= 12-well plate]]
welld 2.0x10° AZEE £F & ST-279F SF-ST-278 4x107
CFU/mLY] s=2 Z29] wello] HEoto] 2417t & ¥HSAIF
3, B2ER] k2 F-2 DPBSE AASI 6417 &<t Bidstict.
o]% 2,000x gollA] 387t AilEeste] 22t wello] EA6k=
FTHE it A HlEE=RE fojAd total RNAE MiniBEST
Universal RNA Extraction Kit(TaKaRa Bio Inc., Japan)& At

8310] AAL] whrlo] weh sioict

Enzyme-linked immunosorbent assay(ELISA) 2l

A3 0B 2219 Haksof o3t SP-ST-279] HIH-S =4
4 VEAE BRI517| J3Al, RAW 264.7 AlE= 12-well plate
o welld 2.0x10° AIZFZ BEF5P90ct. AuzQl Ae e
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Real-time PCR¥} 5Y5HA St IL-6, IL-14 12]al TNF-«
= AlRAR] T2 EFof w2t FLISA MAX™ Deluxe Set(BioLegend)
ofaf) A=Folirt. T3, SF-ST-279] &%= &4 avts ERIsp] ¢
3}o] SF-ST-272 4x107 CFU/mLe}F 4x10° CFU/mLe] =2 7+
Z+9] wellof| ZFsto] ERIsHt. nEIZIAE dojxl AJ5H2 9
of 7]&gt vt ol Aok

A =M

RE A= mean+SDE UERILE lo]e] AL ~test?} one-way

analysis of variance(ANOVA)(IBM SPSS statistics 25, USA)S
olgslo] &5t Significant differences™ SPSS software

(IBM SPSS Statistics 25, USA)E &3} Tukey's multiple

comparison testZ T H|W5}4L}. Differencess p<0.05%

o * p<0.019 = ** p<0.001Q o *** 2 FEHIFHT.

£l

S. thermophilus KCTC14471BP2| g4 &4

S thermophilus KCTC14471BP(ST-27)9] &4 &4 Avl=
Table 104 H& v} 7} Esterase(C4), leucine arylamidase,
naphthol-AS-Bl-phosphohydrolase, B-galactosidase®] 43
S 3RI5IL. Esterase?} naphthol-AS-BI-phosphohydrolase
= okt A4S Selst B, leucine arylamidase®} f-galac-
tosidase?) ¢ =2 &AJQ 3~4F ERI5I3T} B-Glucosidase
9} B-glucuronidase®] /32 ERI=A] kot

S. thermophilus KCTC14471BP2| ol
ST-279] SAA| 1432 Table 204 BE+= vl 2t} Ampicillin,

vancomycin, gentamicin, kanamycin, streptomycin, erythro-

U 244

mycin, clindamycin, tetracycline, chloramphenicol©] T3]
ST-279] A Ade] e ERIsISiT:

S. thermophilus KCTC14471BP9_I mucin binding abil-
ityOflM 413 mE=91 I8 sut

A9 mEZQl I WE mucin FEEE EQlsh] {ls)
porcine stomach type II mucin®] Z®E 12-well plate©]
ST-273} A= w2l 38 fANE 2L(SF-ST-27)2 47 24
7+ B Aglote] mucin &0l F44H F45 &3t Mucin
2o F2H ST-272 16.1%2] mucin binding abilityS 2%
11, A3 pjE&olo] FYH SF-ST-272 71.3%9] H2s& B
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Table 1. Enzyme activities of S. thermophilus KCTC14471BP
measured with APl ZYM kit

Strain

Enzymes )
S. thermophilus KCTC14471BP

Alkaline phosphatase
Esterase (C4) +
Esterase lipase (C8)
Lipase (C14)
Leucine arylamidase ++
Valine arylamidase
Cystine arylamidase
Trypsin
a-Chymotrypsin
Acid phosphatase

Naphthol-AS-Bl-phosphohydrolase +
a-Galactosidase
B-Galactosidase e+

B-Glucuronidase
a-Glucosidase
B-Glucosidase

N-Acetyl-3-glucosaminidase
a-Mannosidase
a-Fucosidase

- to 5, -zero, +;1-2, ++3, +++4-5.

Table 2. Minimum inhibition concentration (MIC) of S. thermophilus
KCTC14471BP measured with E-test

Cut-off values MIC (S. thermophilus

Antibiotics (gimL) KCTC14471BP)
Ampicillin 2 0.032
Vancomycin 4 0.5
Gentamicin 32 8
Kanamycin 64 32
Streptomycin 64 16
Erythromycin 2 0.38
Clindamycin 2 0.016
Tetracycline 4 0.125
Chloramphenicol 4 15

" MIC cut-off values of S. thermophilus from European Food Safety
Authority (EFSA).

THFig. 1A). ST-27 ¥ SF-ST-279] mucin F&2o] Hsfo] LA
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Fig. 1. Mucin binding abilities of S. thermophilus KCTC14471BP (ST-27) and S. thermophilus KCTC14471BP coated with silk fibroin
(SF-ST-27). Mucin binding abilities for 2h (A), and adhered cells during an experiment for 24h (B). The data was analyzed using

independent t-test; mean+SD (p<0.05, “p<0.01, “'p<0.001).
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A3 mHY29Q1 T8 S, thermophilus KCTC14471BP2| MIE
=4 37t

ST-27, SF-ST-27°] tigh A& =42 A5ot7] flotod, w2 Hf
k%] RAW 264.7 M= Lactobacillus rhamnosus GG(LGG),
ST-27, SF-ST-272 6AIZF &%t AElsto] cell viabilitygs A%
oFoict. LPS Aeftat LPS wlAje)t 74e] jojet vl wstsiE: uf,
LGG® ST-27 & SF-ST-279] 583 o7} glZ= Elsiqitt
(Fig. 2). ©hetA o|F | &4 AFolA ST-27 E SF-ST-279
M =48 sk otk

A3 mE2Q1 T8 S, thermophilus KCTC14471BP2| MY
gy g1t

A3 fEEQ] FYd wE "y &4 aE FRIst| Hsto]
RAW 264.7 A|%o|| ST-27, SF-ST-27& R |AA HY 24
Apo|E7}Q1 IL-18, IL-6, TNF-aZ real-time PCR®} ELISAS
ol-g3lo] glsgion], RT-PCR ¥ ELISA A= ZH} mRNA
o] W} Al E71R19] & vehiitt. ST-272 A&oluS 4
9o IL-189] mRNA &g} Ao E7[Q19] k2 t&t tu]s}
o] & ZJol& BRISHA] £ thFig. 3 A,D). IL-6 2] mRNA &
A2 BAA FYulet 715 ERIGHAA, Afo|E7IR19] 2
BAHOE FolvlstA] ARt 3713HS ERIsHHFig. 3 B,E).

100

80

60

40 -

Cell Viability (%)

20

0

T T T T T
Control LPS LGG ST-27 SF-ST-27

Fig. 2. MTT assay of S. thermophilus KCTC14471BP (ST-27) and
S. thermophilus KCTC14471BP coated with silk fibroin (SF-ST-27).
Lipopolysaccharide (LPS) as a positive control and L. rhamnosus
GG (LGG) as a negative control in an experiment. The data was
analyzed using one-way ANOVA; mean+SD (" p<0.05, ~ p<0.01,
™ p<0.001).

TNF-¢9] mRNA T&Z2 5AH F9ughe ERIsH] Koo
™, AolE7IQ19] 2 fojulgt Z71E ERIsHitHFig. 3 C,F.
HiHof| SF-ST-27-2 RAW 264.7 A2l A2]5l9S 49, tiz
ojd] IL-18, IL-6, TNF-¢9] mRNA 2= 9 Alo|E7}919] oF
< 25 A fYulet $7HE gRlelitkFig. 3). EEL ST-27
A2lZd} SF-ST-27 Azl 749 1L-18, 1L-6, TNF-¢°l gt
mRNA L& 2 Al E7IRIS] o] BAA felu|gt AjolE &
Qlst3AT.

il
=

A3 m-Y=291 T8 S, thermophilus KCTC14471BP2| sk
OIEM MY &Y 20l

g 20l
SF-ST-279] W9 2/d0] distod, RAW 264.7 Aol gk
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Fig. 3. Inflammatory activities of S. thermophilus KCTC14471BP (ST-27) and S. thermophilus KCTC14471BP coated with silk fibroin
(SF-ST-27). Cytokine mRNA levels of IL-13 (A), IL-6 (B), and TNF-¢ (C) using real-time PCR and cytokine quantitative analysis
of IL-18 (D), IL-6 (E), and TNF-¢ (F) using ELISA. The data was analyzed using one-way ANOVA; mean+SD (" p<0.05, = p<0.01,
™ p<0.001).

SF-ST-279] &%= Q&S ERIeHITt. SF-ST-27-2 242} 4% 10 CFU/mLolA 4x10° CFU/mLE &obdo] wzt 0.99 fold
CFU/mL®} 4x10° CFU/mLO] ‘52 RAW 264.7 A=l A change‘ﬂ]/ﬂ Z}7} 1.87, 3.51 fold change® 7132 EQIst
slo] M9 2 AJEFRRI IL-18, 1L-6, TNF-2Z real-time 11, ELISAS 53t Hagslo|A Ale]E71R19] e 3.73 pg/mLol
PCR} FLISAS o]-&3}o] 215191 0m RT-PCR ¢ ELISA A} A ZkzF 12.80, 93.42 pg/mLE 2715 ERI=QItHFig. 4
= 77} mRNAS] Wz Alo|E71919] ok veRdL, 11-189] AD). 4x10’ CFU/mLY] =& SF-ST-27& A23t9S A<,
mRNA 23RS S015191S ), SF-ST-279] A8] B%7} 4x 10 [L-189] mRNA HAZ} Ao E71R19] QF2 iR thH] 5A14
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Fig. 4. Inflammatory activities of S. thermophilus KCTC14471BP coated with silk fibroin depending on bacterial count concentration (4
x 10" CFU/g and 4 x 10® CFU/g). Cytokine mRNA levels of IL-18 (A), IL-6 (B), and TNF-¢ (C) using real-ime PCR and cytokine
quantitative analysis of IL-13 (D), IL-6 (E), and TNF-@ (F) using ELISA. Lipopolysaccharide (LPS) as a positive control in an experiment.
The data was analyzed using one-way ANOVA; mean+SD (" p<0.05, ~ p<0.01, ™ p<0.001).
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