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Abstract

Staphylococcus aureus, a Gram-positive bacterium, has been among the top 10
common pathogens for causing infections over the past decade in Taiwan. The
proliferating emergence of antibiotic-resistant strains also indicates the urgency to
develop alternative therapies to strengthen traditional antibiotic treatments.
Bacteriophages are viruses that can specifically recognize bacterial surface structures,
infect them, and eventually lysis the host strains, thus they are potential for treating
bacterial infections. This study aims to isolate and characterize S. aureus phages which
bear a broad host range and good bactericidal activity, purify their hypothetical lytic
proteins, and discuss their potential applications for the implications in medicine. We
isolated 9 phages from 13 sewage samples and selected 9S4-1 for conducting killing

assays against S. aureus SA055. At an MOI of 1x103, 8S4-1 could reduce the survival

rate of the bacterial strain to 57.9% and reduced to 1.6% at an MOI of 1x10%. The result
of restriction fragment length polymorphism did not repeat with other phages isolated by
our lab, indicating that #S4-1 may be a novel phage to our laboratory. Results of whole
genome sequencing (WGS) indicated that S4-1 belongs to the Rountreeviridae tamily
from Caudovirale, and shared 92.82% identity with PSa3, the most closely matched
phage in the NCBI database. Among all the sequences of @S4-1, we selected three
hypothetical lytic protein sequences for further expression and named them as ¢S4-1
endolysin, tail protein-1, and S4-1 minor tail protein. Research about one similar protein
of @S4-1 minor tail protein indicated that it may possess endolysin activity. After protein
expression, ¢S4-1 endolysin did not distribute in the centrifuged supernatant but only
distributed in precipitate after cell lysis. Tail protein-1 exhibited high solubility but
couldn't bind to magnetic beads. Therefore, these two proteins could not carry out the

purification process. The ¢S4-1 minor tail protein can be expressed and purified
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successfully, and it also exhibited bacteriostatic effects against several S. aureus strains
in the result of the spot test. However, after combining 9S4-1 minor tail protein with
phage oS4-1 for killing assay, the result showed that the addition of @S4-1 minor tail
protein couldn’t reduce the survival rate of SA055 compared to the phage-only group.
The isolated phage 9S4-1 and the purified #S4-1 minor tail protein both can present anti-
microbial activity among multiple S. aureus strains, including several MRSA strains,
suggesting that they have a broad host spectrum. If combined with other lytic proteins or
antibiotics, it has the potential to enhance therapeutic effects. Therefore, phage ¢S4-1 and
the #S4-1 minor tail protein still have potential applications for serving as alternative
therapies for antibiotics treatment or as adjuncts for existing therapies.

Keywords: Staphylococcus aureus, bacteriophages, lytic proteins, endolysin, tail fiber

proteins
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LEEHNAKEARDEHRAE (Staphylococcus) ¥ i KIgtEehkE > B A &t

F M R 8. facultative anaerobic )~ i 8,4t 5B catalase )5 4 ~ 5% [l B5( coagulase )

’

= B
M ERE A ARAREERERSE £ 0k 3B A K (blood agar plate *

BAP) Z 5t - 2 X EHHKAALE  HBEOFLAR  E2FARENLRRA
s BTRESFERSE  FIARCHER - FHX - MEXFRR - BT ALAR
MEBEE 2 RARNARALEEBEANANBERSE o AT - FIKE
4t o4 488 F 1546 > B 5T f8 % kR B Ak B BE 7 R A4 (extracellular polymeric substance
EPS) &Mty A ML > [ASE fk b fofo 45 B > miRGREE[] - 2R &
HERANBRBR T2 SN FF Wi B % (hemolysin) ~ & & %%
# % (exfoliative toxin ) ~ M4k 3¢ 1% 2% % % (toxic shock syndrome toxin 1 TSST-
1) 2] bzt A &A@y % (capsule) A 4m i B ol &5 48 > 4o Bk 7 8%

(peptidoglycan * PG) -~ #3%¥# (teichoic acid * TA) TR AMAGRERE £
F R3] 0 A% AE % B8 (capsular polysaccharide > CPS) RE % &% & # HIK
B—3#A 13 EaEFY LB REREALOHFELA (CP5) FmHEAR (CPY) -
A B 5% A cap5 F2 cap8[4]

SFERNH KAt EEH T AR EEBL o 2 5] B3R 57t B B 04 s AE B
(lipoteichoic acid > LTA ) > BA R &E 7 Bk % B Rl 04 B 53 BF B (wall teichoic acids >
WTA) > BB RERRA@IBE T » CoA Lkl ~ U8 X L6915 A 4%
B XBRIEL S B L FENEHKRANLAN TR DL BB BB UREE X ©ag0
AR AEGBEBRASRAENERR > TagD £& T4 R G REEE — &8 (ribitol-
phosphate > RboP ) 425z, &4 43 P £ 4% > B 42 b B8 &8 N 93 4 85 ( glycosyltransferases )
&4 R & RS BEEL © TarS ~ TartM #v TarP %24 N-Z 8 % & #8 (N-
acetylglucosamine > GIcNAc ) &9 & kAL 1545 » TarS T 4T B-1,4-GlcNAc 1445 > TarM
A L i#4T a-1,4-GlcNAc 445 > TarP i#4T B-1,3-GlcNAc 1545 - TarS & 4% & & H 3K
A B BEMREGHF 72— > TarM # TarP AMEF AN S ARG ER ¥ - BF Bk
] B By P A2 38 £ B B > TarM ~ TarP 891545 4418 o7 TarS e91545[5] -

doi:10.6342/NTU202401877



B

12 & m &8 HREERAN
RFEEEERREEH A EMREAN L4 % (THAS 244) MERREL A
2014 3] 2023 > & ERKBREATA M ERE T &7 EH ARARETE AT
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RIFSNE > THERM S AR RS (tail fiber) BRERHUHLE - A R4
# A 3A3F (head) ~ E3F (neck) ~ B4# -~ Bix (baseplate) FAEiE » s A B
BANE BEBEZA A GRS TR HE A - R E AR R AT R A%
B2 DNA ~ ¥/ DNA ~ # % RNA % E RNA * £ P48 DNA R ¥ R - Sk
BER AT 0 RR A% DNA BB RS 4Ee BRERAM B (Caudovirales) 15 X
% (93.6%) » BAKEE 38 B T BAR R I ta 5 A KR4 B B #t (Siphoviridae ) ~
WLEE A B A (Myoviridae) Fosa B2 BB A (Podoviridae ) [9] ° 2021 F > B %5

#5%8% B & (International Committee on Taxonomy of Viruses * ICTV) & & #B
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W4 RE AR A R T o B F A 55 A Salasmaviridae ~ Rountreeviridae
Fu Guelinviridae * Rountreeviridae £ % i AR K %A 17 2] 19kb 694 ® & & H K
B 4 B RY AT 4 Ak [10] e

1.4 % @ B4 7% % (phage therapy )

HAMBREIEREBEANE M R EE 2O AR B ER
w5 AR R o T4 1930 K £ 5 — B LA K — % R Eik (penicillin)
Pl AAT > " AR A BN ARSI RLE - RAf o R A B EEE—
Mo GRS EBRAR Rt FRMRNEERL 0 S AMBRE R[] -
R BB Mey P N FEAMBREEAME ROAREBRAZTRA LGRE
AEBYE A RS > AR RS BT RE A B AEORR - — B UM X (mastitis)
AR T VEEERAIRAEZNBRARE S RECNEREAFEARB X RGEALLL
AP O E AR U E AR ER A B RE B R
NBEA R A SRR ERDEIRE X B HBERE AEE XA T
TNF-a ~ IL-6 F§#1& > 44 T %k fa B2 B 69 B [12] -

CUL DY VPSR LEA TR T T C e T A
R B R T B AR MR R o — AT R R R R S hA R
ceftazidime 1% A8 PR £ 75 B 64 B A2 - 75 0 R £ M BB > SO A " 38 OMKO1 12
REA B ER AW B E Tt A MBE T o ARA/ER 353 405 R
[13]° A —EE R R IEH - & w &8 HRA LR M AB-SA0l #EFRMAELA
T & 2% Fm & o) TAL 0 B H 54% EHE X R T FE[14] - MRS AR
HBRBTUALAREAEZRBINEHRT AR RHERBBH R 2 — -

1.5 % AR ey E &G (lytic protein)

AT A AR RGBS SERERA RN RO ENEG MR
B 695 B & B A K #EE (hydrolases) ~ H#B (lyases) - #2A58s (lipases) % °
CHT ek m BN E > A Am A S ERAE G AN AR
BAbE > Bl RSB RAR B A AR G RGO MR ER S A i
o E B L S BK o MM EEE G LA R RS
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(depolymerase ) - ALZERE AR AL R MPHFRBE L4 B > floied
ITETRK R BE G2 45 - AT 4a 0 BE 69 75 B B8 (endolysin) [15] ©

ABBE P MR B 0 R AR R AR G BTG TR T RS B AT
FHEARAEMZMERE > ERA R MM a2 E#MH] 0 4o CRISPR-Cas
system ~ MR #1545 % % (restriction modification systems ) &9 %% > B8R & Ha
Z B # K% 4% (spontaneous mutations) % & H & 475 > HibibAe — A& 0% H %
ko ERBE AKX GREBIRERIFBE &2 AL (phage resistance ) [16, 17] ©

Bt 50 BR T 5 O Bl S AR S R RE b 04 IR R BE 0 BT dm BB S5 AE[18] 0 B S SARR R
iR RBAERIR A YIE[19-22] A— 2R ERN A KB LABMMO AT T 15
B A8 P68 T ok - b — A & B protein 17 - BB ILE G F N ML
H (murein) &97& 1 » B AE% B 88 P68 R % £ B) hu A &1L By protein 17 » #T 4548
A AP E 005 R] > BEST protein 17 A BHNE AR EANSLR B Ebm il
B ARE H R P68 protein 17 BA £ fRi2 6976 £ » 85 protein 17 BA H
AR AP E H B ey E (23]
1.6 & &5 HREGERR

BATFAF 3R &R e ARAEABERENEREZRANE > A ¥ SH0E
TREAMEREEAMA EAMNRAARBELEARART LA MHR &
&8 £ o943 4% B RBPs (receptor binding proteins ) ° M B AT BLa9 & & & ¥ H K

B A% > L RBPs K % A9t fin ik @ by tagO KB A\ 5 Pq A g, 04 BF 64 BE B

FTREAANBABMTRESREH ARAYLAMN  Ad > B AT KR
B TR EE ERE R R BLAXR S IR ERRAMAK BERTR
2 A F g% F (whole genome sequencing ° WGS) » ¥ S AE LA ey 4 - &
REF|E4LER RS AERBRADFRBEELAR RAKITRENERER
HERALAMN LR AREAMN DNA FRR2ARMES » REAREAWAEHY

m
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F_F - ERMBHEIE
2.1 K Bat

2.1.1  AFEAERZIBRAE  BRR - GEIR

AERMEAZIBRE - BERIINEA— FRIEANETECHHRA ST URE
B K 23 & & (tryptic soy broth > TSB) k% G B K 5.3 s (tryptone soy agar °
TSA) #4738 % - B Z O R A RMAAREE (DNA cloning) FHE Al LB 354k
REBIERK  AERAEA ZEERII A= - L ABRAM TR T » HIFMEA SM &
1o iR AT B B8 B9 AR A0 R AR o W ECE A 8 DNA BHE A buffer L2 JURE &
ReREH 0 buffer L3 =74 A #8 R84 > buffer L4 3R % W 84 /M 3% » 1 DNA B4 - &
R B P42 A TAE buffer #4 % k48 69 & 87/% > TAE buffer 785 & Rt 1% % X%
8975 % © Lysis buffer ~ wash buffer ~ elution buffer Al % £ 4% G ey R R B4t - A&
#} %, 0S4-1 minor tail protein 7 #h4b89:@42 ¥ £t & > 6S4-1 minor tail protein A7 4E A
84 lysis buffer~wash buffer #v elution buffer % s Am 10% &) 7 = &( BioShop’ Canada )°
Coomassie brilliant blue i # SDS-PAGE % &, > destain buffer | A #> SDS-PAGE &)

212 AFTHRIERAZHEK LR

AEBRERAGAKRTINER=Z > A LA ERD -

22Kk

22.1 KIBMBEZ AT IR 32

FEFATAE A B9 KRR B FI R B o A F B A X KR L2 bk b KR g E K
UERERERBAEHHKGFK 6 RERGKBRDFEFEEERE THR 8 TR
FORBS LT EHN ARAKRT » AHE F 84 (SA055 ~ SA042 ~ SAV(09 ~ SAVI13 ~
SAV14 ~ SAWO1 ~ SAWO02 ~ AtagO SA055) AT H M6 6% - HRE B Mk
£ 0D.0=05#% BFANHAZHRER ImLEGRE ERFLHRARAR-
HAE TmL 9K BRAREE ~2mL 89 S TSB U A ImL 8RB B RM GRS > b
# 37°C 3% 4 (orbital shaking incubator C-300 * FIRSTEK ° Taiwan) [a®& & & 3%
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A BRRI ARG L E R IR TR 8 AR L AR - B
B &R 6 K RAR A T4 B N8 S F (universal refrigerated centrifuge 5922 °
KUBOTA ° Japan) > # % & 10,000xg & 20 548 > B LF /KA 0.45 pm i@
TR AR TR RAR B B AT IR FE o BAVF IR R A N B R AR PR E AT
REFEEEZLHAM -

2.2.2 EEiXE (spot test)

B3R T PR K RARRE A T A 7T R A4 A8 £ X B AR o AF A 73 2K R
B2 BARER N 37°C E#3EHRZE 0.D.600=0.5 > B 200 pL # & # 4 mL TSA top
agar L4 > B34 T4 TSA R @ b FEICEE %L 0 B 10 pL ATk I o) KR
WEEN B FERRILEEANERME  NITCRRZAR - SRBHENEA R
BB RTIERAA TR EUE LA B RAE A RIS A B R BT R
RETREZE X ERAM - B35 B LEANZRBEARENR  KEZRE
LA TRARHSZAB EABREOR LR SR ERALE IR EABRER
WA EERAK RERSBI LA S H A SA0SS EARENRE
MR BB A SAOSS EA S AR C RIEE R AR 6B Ltk

.

223 HEBMT (plaque assay)

BB AR KR A M HBE R XX R A% > TAE AR T 58 41t
H KR PR E ARG L A o S SM & MDR A P REKRAR RS » 38 37°C B &3k
B ERRE 0.D00=0.5" FHFMHBEGEAMEA IR 20 : 180 &Y LLHIR SN E
BESE T 0 N 37°C #F E 3k 20 o4% 0 M8 KRR A # 4 mL TSA top agar >
¥) 5 4L TSA @ b FRECEEE 4% 0 M A B 37°C Rtk - HRAMARE
HERE RN FRMAERAK L BABR EW R b E— SRR EARGER
B BRFEARB U RRE A ENEAR T HLEN FR AR - HE
— AP A FERT 0 RN 300 ul 89 SM &R 24 /NEF 0 4B A BE N 89
HRAMBREEERY RO EAMOBERELETHE LR E - HE
BRETHABEN T ERS5 R EF—HBREARAE A RGERABRT > B TR

S 64 o B LA o
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224 HEMIEHE

TR A B ey s Abig 0 B E R AR BB  RIEA 300 ul 89 SM &
iR 24 B RERARBLAGERY HMAERANEIARNGEEEE
0.D.600=0.5 > B 200 uL #A & &4 4 mL TSA top agar » 487 % TSA L > FFRE
MREERARYEER AN AR ERD > FEERLELE > KRB EN 37°C
fR¥EHR - BRM3mL &) SME#RmERABERE > N 4°CHERI NE - EEE

TEABNERAREL - & BRI ER ey EETR 0 42 10,000xg B0 10 448 0 B

% 0.45 pm G9@IE R 0 SLIRRE S AH A E H R 0 BEAAE 900 L 98 R £ 100
uL DMSO ( Sigma-Aldrich » U.S.A.) 34 &4 > #—80°C k#AIRIF - Z R FEIEH
B2 DNA » T ME AR EB RO T X RBFREH ~ S BEOLEAMN - FEHMRE
B~ ERRS TSB RA AR R BB S »2 1 BRAERARAT
B Etef] o 1ER A KR ODgo=0.5 #HE £ 37°C EABAR 2 E 4 I 2%
P By R R R R E BB E 0 BPIT B 10,000xg 0 20 4% 0 IR b F R 838 0.45 pm

IR 0 RBUF KRR ~ AT RGIE AR -

225 RIEHBABBAE (titer)

AR B A BE IR R B SM R IA 20 ¢ 180 B4 10 27 MfE > BB ER
AL R E 0.D.600=0.5 > B 200 pL # &R 4 4 mL TSA top agar > 44-F £ TSA
L BRI 0 BRI B RER G 7 R R B M R G A R R R & e 10Ul &
A AT BRALE O BRABENITCREIEE - RMANEH LR B R TH
W2 B AN HEER UL AR R EDRAEER Bt A st ER P

RSV ERAMN > G RE B HEEMA PFU/ML -

22.6 AL ARS (killing assay )

AR ARRET B LA A B T R R R e F T AR AR
AR NEN - TRAT—BERSEARIE > ZFRERITEESL RT3
HARB AR T HER LB E (multiplicity of infection > MOI)  © & % &k
LB EHE AR A AR EAS e > P — B AT S D B ey B R
F[25] A RIBFEGRFR LB ES 1x10° 8 1x10%  3E0 B4R 'S A SA055 °
SA055 B &% 0.D.coo=0.1 B » B2 & 1x10° CFU/mL » M sb% 5 & H B R %
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£ [x10*CFU/mL > B FEHARFAZE 0.D.oo=0.1 > HU SM EHRF T HiEE
10445 - AR IEH A Y > FiF 100 pL 89 SM & #ri& ¥2 100 pL 1x10* CFU/mL
BRARDHMERCERS  UHELALARYETHRLER R AT ERs
BB 2 A MOI=1x10° 8% > ZHLAMMEE 1x10" PFUML * & REREH =
2 MOI=1x10* B A E#EE 1x10° PFU/mL > T B4 B2 A a 1x104
CFU/mL &) /&R & 100 uL A 8-S ERE - TRIEF AR Laam %
B 37°CHFERAR I n4E MAKENBAREZRS - 448 > UAKE A MOI
=1x10% 69 Rk 3 48 % otk 10 /5 #FE - BE 100 uL 7 TSA L% 4 > #l2 A MOI=
IX10* 9 R L B B R B MR THRBR R 100pL FH - At EEdle Rftaf b
RS DRHFBEHE T EARFREB E T 4 A 1F7E % (survival rate )
sHHEF KT

 ERRAFERAR
Pl 4t B

227 FEREHRAM DNA

BLEATERABRY TR EHEIEHL DNA - GABT XA - 18 AR
A e X452 90mL » B E 34 1x10" PFU/mL 9% B BUE R - IR Ry R A%
B0 E 30mL 0 B E A 750 uL &4 (chloroform ° Sigma-Aldrich » U.S.A.) >
AR F 25% - REHAZ > NERER AR L - AN 4°C B
10,000xg > 30 442 > B L& &8 0.45 um BB - BB E lw A 6 mL &) buffer L2
WA B RRFFEN 4°C ° FaR7 4°C 82 10,000xg ° 30 48 » R EFRIE
PG B R LR 0 A R G IR R LR > UA 20 mL SM & BBl = & 6 Uik
AHEEER— % EhwA 60l iR E A 20 mg/mL & DNase I #2 RNase A( Roche’
Switzerland) > % 37°C # % RJE 4 £ 6 I o RIET R * /wA 4 mL &) buffer
L2 iRA¥ % IRRE BM 4°C © 13 B 7 4°C 8.5 10,000xg * 30 248 © X E#F
&A% > AN 500 pL &) buffer L3 @54 » H e 500 uL & 587 55°C 1AM » £ &
R ERR E & A8 buffer L4 » £ 70°C Auik 10 24814 » 2 B EMEHECE » Eho
NE B A0 KBy — A5 — & R E2R A4 (phenol/chloroform/isoamyl alcohol > 25 : 24 :
1 » Sigma-Aldrich > U.S.A.) - 4°C #-3 10,000xg > 30 4% > B FRIG &k s
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J& o REEJG KR > I EFAR AT WARKE — 8 — B OREFR SN AR B FER
WHBEETR =R UATEREEY - REM B GKE mNFREHEREE

(isopropanol ) A& 10%%% 449 3M BE&EL4N (sodium acetate ) BmAR S EBME A &
DNA B & M 943 Lk 8 » BH—80°C # E —8% o [ 8 4°C &< 10,000xg » 30
088 0 BT LE G w800 pL 70% B A% R H Ze vt o # 4°C B 10,000xg

15 st £ LFR > EABERT 3 R kG 30 94 A% EFRE
B 2R 4 # s # (savant speed vac SPD111V » Thermo fisher Scientifics * U.S.A.)
BHE 2 B BB FLIREBA > BP I 2L 50 pL 70°C 49 ddH.O =% DNA JU#k4
B — 8% 0 B AR E 5 & 8 & 31 (NanoDropTMLite spectrophotometer* ND-
LITE-PR > Thermo Fisher Scientific » U.S.A.) Rl 4k 8 DNA R E °

2.2.8 RFREKE %A M (restriction fragment length

polymorphism )

MR B =T P3R5 L ey 45 E onfs > £ R BT 700 5 R Bl dg R Bk TR,
MR B b 64 | B E B HUH 5 B 69 A8 40 o AR B4t A 84 FR %1 B A BamH 1~ EcoR
I~ Hind 111 ~ Hpal (New England BioLabs > U.S.A.) - # 300 ng & DNA 8% - #%
DNA #: 8% ~ FR#IBE ~ & 80R ~ ddHL0 RELBIR A > 7 37°C RIE—8 0 B 2L 1%
¥BEHR>H (150 V> 400 mA) -

229 HEIBAMERAEZRGERIAER (expression

plasmid )

BRERAMGERRFI T RRS LR G AL T T BB
PR A B b4 ey AT & 3] F (forward primer ° 4& Ncol ¥14) $1R & 3] F (reverse
primer > 2 & Xhol ¥14i ) > LA KAPA EvoPlus kits ( Roche > Switzerland ) i 4T PCR »
WigBREARRE > B I%FXRBERSMN - T EERNGBARERL » 2
EasyPure PCR/Gel extraction kit ( BIOMAN > Taiwan ) 4/t B4R R & - & A
CloneJET PCR cloning kit ( Thermo Fisher Scientific » U.S.A.) #-4 (ligation) #i4t
&) BAZIKR R B3 pJET1.2/blunt vector ° 44 384 ~ B AR A B 91 135 48 1k 3% 30
AEPRB XGRS NERFERIE 2 D EAZ AR (heat shock) 4 H A
FENBAE 48 is, DHSa (Bioscience * Taiwan) ¥ © #% ligation mixture s\ DH50 % 34
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R4 WK EFFE 20 248 0 B 42°C KB P 90 B AT AR LR E > FE 1580 A5
ERERHE 2 54 2B BAKRMA 1l mL LB BARY 7 37°CREEH )
% 0 KN4 ampicillin (100 pg/mL ° BioShop » Canada) X 354 & &4 s 4T
i o P E — B % AT PCR #E324% o B RAR S 1% 2 9A iR A Hoo 3) ST A
BARI R T 52 E Bk -

R F| S 0 AR RARE 60 mL XA L > 3t 2L EasyPure plasmid DNA mini
kit (BIOMAN * Taiwan) ¥ 84 BARL R E 8 - B B R ARG EH UK
%2 pET-28c % %l % tb iR & TR %18 Ncol ~ Xhol > VAR R JE % 7% CutSmart buffer
(New England BioLabs > U.S.A.) > # 37°C [a R R JE * Ki14 LA 1% £ B E ok sk
MEBARB RN AR R £ e B 4t T 89 B AR K B 82 pET-28¢ & #4844 > 12 A
50 ng % 4 &) pET-28c E 8% > B2 AR H T A EH L (molar ratio) 5 1 89tk
5] AT A AR L8] im N\ T4 DNA ligase $2 reaction buffer( New England BioLabs’
USA.) HZERFHEZRB -4 ligation mixture A #Ak 57,89 7 A& A £ DH5a ¥ >
3t 74 A kanamycin (50 pg/mL > BioShop * Canada) Z 3% &R EH BT HE >
BHEE — % 4T PCR#ESZ - B AR 69§ — 3 %354 60 mL A L&Y EIR -
EERFHEZARGEHE  WEBETANZAEGRR -

22,10 makamka ki

A BAZA R 6y pET-28c H A8 SA B4k 5L 88 A i A5 4E 4w i BL21 ¥
( Bioscience * Taiwan ) > #4-# kanamycin Z 3% & 3K 847 & 1% > 3 24 PCR #E3%4% >

PERE R B RERE 50 mL B OD.eoo £ 0.5 £4 > EA LI EIAE 1 mL &
R0 BES 6,800%g 0 8 4E 0 A lysis buffer 100 uL =% > BF A K4 IPTG 4
89 B k8 (pre-induction) ° HAXHE R ANLRE A 0.5mM #9 IPTG (BioShop
Canada) ° K57 1% 0S4-1 endolysin #* 25°C R J&E 5 /]NBF > 9S4-1 tail protein-1 #* 16°C
R & 5 /NBF 0 gS4-1 minor tail protein B 7 16°C [ &R & > R JE 7T % B Ak 1 mL >
B 6,800xg > 8 4042 0 3B A lysis buffer 100 pL =I7& > LB A4 IPTG %869 AR
¥ B (post-induction ) ° HEARH/&REES 10,000xg > 10 548 » £ EFkh o HaEs
LB H—80°C #F B AR °

% B 4£ A 5 mL lysis buffer ® &5t 4% > 0S4-1 minor tail protein B 24 5 mL &
10% 7 = B% &4 lysis buffer =& > 1% MAAR 5 K 4= i35 B #% (sonicator XL2020 CL4 »
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MISONIX > U.S.A.) #iTHH - M AR A ZEAE K% - 8.9 10,000xg ° 10 2
4% R EFREWS 045 um BIERE > AR A0 R EH A% > TR L ZAKRBEM K
% (flowthrough) © &7 @S4-1 endolysin R AEREH £ EFR ¥ > A BILER AR
& A IRKEN  RA BB A R E TR 0 8O IUEM L 500 uL 4% SDS B 0 it
W 70°C Ao 20 48 > R LRI R AL o AR AR B B S 13,000xg 0 30 54

B EFRIEE 0.22 pm BIEHE > AERIERBM M E - BIEAL AR 5 B A
A E AR BB RAERRE N 69 KRN (SDS-lysed supernatant) ° &S STB 4 A KA
100 pL lysis buffer 7% > sbARBE N X W E £ W T2 AR RIEMR > S AHBREN
Z JEKREMYE (SDS-lysed pellet) ©

2.2.11 ©S4-1 endolysin ~ tail protein-1 &% & &4t

W& W& G 8 flowthrough ¥ 8% > Au A 4& lysis buffer B2t e9#5% (His Mag
Sepharose™ Ni * Merck > Germany ) ¥ > A 4°C RAE & —th > Mk X2 EF &R
£ A 5 mL # wash buffer #F#£2kH % 3 R > 3LUMIR 200 uL % — KRB 09k

(wash) ° Mg EF&RZ % > 324 200 pL elution buffer 7 4% ~ &hAt d mhzk Ar
SouEaE LI ROFHEER =R (E1~E2 8 E3) R 10 pL #8825
uL 5 4% SDS-PAGE loading dye ( BioShop * Canada) 334 &4 > 7 99°C RJ&E+»
48 B 10 L MBE AT R AR B 38 Bk (SDS-PAGE) » 245 % #5246
fr &1 AF BT E (Coomassie brilliant blue ) # &+ %4-4% > % A destain buffer
BEZRARBEZAEGT AL -

2.2.12 ¢S4-1 minor tail protein #J% & &1t
#% 600 uL &~ 10% 7 = EZ & lysis buffer #v A\ Ni-NTA spin columns( QIAGEN
Germany ) * 7 16°C &3 890xg * 2 548 bA 4T % 42 P41 (equilibrate) ° BRAEAZ A
AL A~ B 3038 0.22 uM BIEBEZ AR RS Ju N 600 UL A EEAE T 0 A 16°C
B 270xg 0 5 D MBBEGELESHL > HEE —RBBEEZIER
(flowthrough) ° ERPAT AR EEE T > > T EFBBEREZIER A
EHEH SmL R AIBIE R R B 600 L 4 10% 7% = &4 wash buffer’
7 16°C #s 890xg > 2 48 LUB M E4x > B L08R (wash) » £ E44H
Pt F B — R RE1% e N 300 L & 10% 7 = BF &Y elution buffer’ 7 4°C &3 890xg>
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2B IR~ AL BTG SMBRE G - EARLY AR 0 BUEKESH L
FauyiEik (El 2E5) - B 5 1% SDS-PAGE loading dye i&4 > 7 99°C &
Fe+od BRIOUL RMEETRAMBRBE T, MEREENTELE &
A destain buffer SR £ ZREF R R R Z G T4 F -

2.2.13 RI3X 0S4-1 minor tail protein & 75 * $¢ [

ANE B DA BE 3K 50 ) 3K 9S4-1 minor tail protein #9175 X $2 [ © %1% 9S4-1 minor tail
protein & 4 6975 A B ¥ /v A BE > S AARJE 80 & (Vivaspin® 500 ° Cytiva® U.S.A.)
bt e & GETRSE - I 6 mL 894 ibii ) B G m ANRIEBECE T o
16°C 3 6,000%g » 5 448 > B85 R8BI B0 RS - ZIRAE B AR HE R
£ 600 uL £ 4 ° BP 5% A 0S4-1 minor tail protein #4978 45 ° BUR 4R X & GARE Sl
Bt AELE BERRNERAR LS BARER X HR LA RREEILT IR A
4 Z elution buffer 42 7& (pET-28c E1) E AR # B4 > 15 A 4 0S4-1 X4 H
B IRAF AT S B o [P S BB B M S BB 40 ) AR ER 5 L B hedt i M E o £
TERBIR BN R > N 37°C RAIR - AIEE LR E R AR S 78R
£ B3CRABBREARSLZ  HAENTRARE o MEBRZEZABNAE
AR o

2.2.14 A% 9S4-1 minor tail protein & & /8 &

AF B MA Bradford protein assay R € A éhib 2 B G IRE A3 HAZE L 0
ddH,O 4 4 &% & % & (Sigma-Aldrich * U.S.A.) & & % 10 mg/mL Z %% > &
| #HFELL A A 15 ug/mL ~ 10 pg/mL ~ 7.5 pg/mL ~ 5 pg/mL ~ 3.75 pg/mL ~ 2.5 pg/mL
1.25 ng/mL % 7 MR E 6 Ff ik % QiR o AR 50 550 100 1E#F >
E AR RMHEE R - 7 IR F ok ak Gk 50 £54 100 45
FEO AR EE > R E E G ey ddH0 &R 160 pL Ao A-F & 96 L+ -
B HEAEFLF Av 40 uL &9 Quick Start™ Bradford dye reagent (Bio-Rad’U.S.A. )’
PEBFFERIES 4 A UM E RS KA AR (Multiskan SkyHigh microplate
spectrophotometer > Thermo Fisher Scientific * U.S.A.) Rl Z#H A £ O.D.sos T IR K
B BIRERYATARESAZERARA - BB AR RS FFaFaks
R AMERE R GRRME » BIRERHE = 4R FHE - B Bradford 3=
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BIoF - AR T 0.8 BMHIE > S ok G RATR 0.8 £ 7 ERGEH
R B REL 7 B A 12 pg/mL ~ 8 pg/mL ~ 6 pg/mL ~ 4 pg/mL ~ 3 pg/mL ~ 2 pg/mL
B lpg/mL- R 7HFaFakaEE UREHBYBRLETEAOGESE I
A AR B 6 R A e A AR R, 0 TR AA ) TAR B G AR 0 1B T a5 AR Y
ZEGIRE © & 50 458 100 MR EE KRR BRMHEE A REIRE
AR 0 RIECR H PR AR R o
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B=F - FR&ERXR

30 BKRyESREHNBHRALHR

AERENHENSFENDRAMRTHEANRGELAN 2 ATKRED
AR E R4 SA0SS > AT AR ¥ 8 ) A RS AE Rk 4 89 SAV09 ~ SAV13~SAV14>
SHLREHHKA LA G AER L0 SA042 > R A AR ERERKTFE SAWOL -
SAWO02 » AR F BT RATAEL > JIM tagO 2 B 8 AtagO SA055

BAHRERRERBIRAENRFK > UAR—RIE I EIEEAK K& 13
BKREATERE (RAE) ~ BKRATRE  HAERAREL  ULRBREDKRLE
A TR A R ARG AR 3R B B MU AR e Ml 0 RN 4 R K
BT o ORERAR (k) c RPUIOARETRFCHHENLFEHHKAK
Bl 9 AR A e s EAEFASE (host range) B IABBIN TR E AT 0Bk MY
AR (S1~S10) * L OREHAMT R0 E EHE LR » BRERETRE LA
A 1ag0 RRA GG (B —) (kt) o sbdh LRI REABITE M
B 89 Bk ATCC35556 ~ SA015 ~ SA060 ~ SA057 ~ SA053 ~ SA059 ~ SAV02 ~ SAV05
B SAVI2 % 2 RBFEEEE > HHEA tarP R R HE 4k SAV09 ~ SAV13 ~ SAV14
RIETREZEABAE - L O A RME ERBREEETHE > TRRAR 4%
HA o HIb R o) 0S4-1 BATRE TR °

3.2 A A A R

0S4-1 £ S. aureus SA055 AE & A ARGy A B > 1B H & S. aureus SA055 £
B —EEZBAKR  WH S, aureus SA0S5 EATE A B H R ° F 054-1 89 MOI
=1x10% B} » S. aureus SA055 &9777% F 4 % 57.9% * MOI=1x10* BF A #| T 1.6%
(A=) -
33MHMABKESAM

i 0S4-1 4 AR DNA > ST RA R BKE S AW > A7 & IR$I 8 605
BamH 1~ EcoR1~ Hind 111 ~ Hpal > 33| 7% % A 8 DNA &4 15| E3% (B =) - #
BREMAEEAMILHEZ  LRARBEROE L BT 054-1 EREATRE D
Bl o FE1AAF DNA AR B Rt B M B A 25 X lllumina F & &7 2 KR T HF -
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34 R B> EARBESF

0S4-1 &9 -] =T #% 48 4 sk — 18 contig * 2 K/ A 17547 bp* GC(% ) & 29.48%°
£ 0S4-1 8955 LA BT R AL H R G457 (CDS) (BwW A) i 0S4-
1 695542 NCBI #45 B #ATtb ¥ BB B &R EH ARAEAN > L+ &
W H A% A% PSa3 © W 89 percent identity 2 92.82% (B w B) ° @S4-1 tb ¥ 28y
Al B A AR S BN RIKE A # B 89 Rountreeviridae # > Rountreeviridae £ % & %
RER DA 172 19kb e4e% &8 HREEARATAR » L&l 0S4-1 48 7F
sE3E 8] 0S4-1 B 7 Rountreeviridae °

3.5 2341k 0S4-1 ZB X G
3.5-1 #AH 0S4-1 B AR ~ REER G0 KRR

B 0S4-1 ARMFTRE=MBTEAZRAEGZARNETRIA > 255 0S4-1
endolysin ~ tail protein-1 A& minor tail protein ° 8S4-1 endolysin & B & & % 759 18
A4 BEBELHEZ i3 —2EA8 vB_ SA STAP152 #) endolysin % & 4831 >
w1 2 percent identity % 92.86%( B & A )’ e KB F 5] EA 18 1844 42( mismatch )
B3k (B A B) - 0S4-1tail protein & B & & 1446 1B K ¥ > H 57| 914 A 88
PSa3 #9 tail protein 3 A 4831 > W3 Z percentidentity % 97.3% (B X A) » XAk
3 EF 13 B4z AEg (B B) ° 9S4-1 minor tail protein 3 B & & % 1941 18
i AR ¥ > H 558275 B 8% LSA2366 & minor tail protein 3 £ 4831 * W Z percent
identity & 97.37% ° #b9b > 9S4-1 minor tail protein 75 A& tL ¥ 2] 2R B "2 A 5% P68 &9
minor tail protein * ® % percent identity % 97.06% (B -+t A) - A& 57 LA
20 1B iz BB (B £ B) ° sLAT S48 BL4% A% P68 49 minor tail protein B & /& #
BrZ G TR IR Y 0 B AR AP L A protein 17[23] » B sbi il
©S4-1 minor tail protein T ft 4L B A 75 B B X & 1+

LS AT Hh B 64 7 B B DNA AF A AEAR » 33t 4 IR %186 Ncol ~ Xhol 14 e4 3]
F (&) > APCR B KR AR FF] - £ TAE A5 8REB L& LAFESAMAK
MR R (BNAB~C) » B~ BARARA R IEY - LBHILAR R & -
TR~ BRI B2 £ 58 RIAIRAHH S BARERA T4 pET-28c > LA &
DH50 ##k ¥ (H/AA~B~C) °
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3.5-2 %3 ¢S4-1 endolysin

B A% #4549 DHSo ¥k 3 BUE 38 847 5% G 49 R B 461k - 6S4-1 endolysin #Y
TR KN A 279kDa BE G FE TR AK  BAAZOLREADLFR > ML
mER BT (BT A) - AR BLERETARBRZ R BX
#4E 0S4-1 endolysin 89 FB1Z » LA 4% SDS B ~ Aok WA T B3R U F 69 A
BoOUBEAMNAAEKEENE  KMBEBETAMKTSHIER  BAAZA
Royffeint T RBEE LFR Br &R A6 & G T B N ERIEME

(B+B) -
3.5-3 % ¥ 0S4-1 tail protein-1

0S4-1 tail protein-1 Z FAHA K/ % 54.75kDa > £ B % > AT KR EFANES
%oy EFER o B E RSN E G E » KWtk k QA0 BIAALEEERINIR > S TE
Rz Y (B+—) ¥4 4 tail protein-1 &9 L F RAREE 2L 0.45 um
MR BIE o B UAEE SR 00 O A A B AR SA055 - SA042 X H M E 0 B RET
tail protein-1 #&7A /£ # foje £ £ 5B B > B tail protein-1 R FRBIPAEM > &
HRETREALEARNEHES  FREAME @B &SHNHE -
3.5-4 & B ¥ 41E 9S4-1 minor tail protein

©S4-1 minor tail protein Z FA#A K-s % 71.82kDa > F 5 3L — % K7 60 kDa =
& A T# IPTG F#ER - L A KiEkEka st (B+=A) - 2 Bradford
protein assay R & 1% > LA = 57 ¢h 42 AE R A R R ALY E G IR E 55 A 214.6 pg/mL
B 288.0pg/mL (B +=B) » &R4E&Z G IREAE]E 2.02 mg/mL - 25355 T ik
FOAS B RCH HRAKLETHRAFEAXRRE(KRE B+ =) 8T 0S4-
1 minor tail protein EF #p#lta A4 Kk > R IF@RALEHNEN > LT ARESF
CHAKALELMER

3.5-5 #H 0S4-1 2 ¢S4-1 minor tail protein AT #% & 5%

7 3% 9S4-1 minor tail protein B& # 3 ta B &M B N 1% > RAREZFE A BIP
AR 4m B 8917 7% > 30U 10 pg/mL ~ 25 pg/mL & 50 pg/mL = 4% 78 & & ¢S4-1 minor
tail protein $2°% [ % 0S4-1 324 > I £ B ¥ SA055 AT A R o LU XA 870 R
A AR 0 F Ao 0S4-1 minor tail protein AE TR A LB AKX R - BRBTERL
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MOI=1x103Fv 1x10* P » S =FEEE W&k G % &k1E SA0SS 69175 F M09 K
(B +w) > B~ ¢S4-1 minor tail protein & 7~ B-# #% & SA055 #9477 °
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FoOF -HARBEARRYE

RERABAKRSHE O ERM > BT £%E EHE R TR E RIS RE
Mo BT B EAREARZNEERE SR AN ARAEAMA LT 28
PR RS A B R ER c ARE I8 XS & RET AT o B ALALBY R BB HLIR
EOETE AR EEBAREGRESD > M S AR h AR R ey A R T BB
BALEE ISR E AR E R I o IR tarS FEIRE R REN 0 BT
TarS A 2 A B R E T E - Mg AMREM tarM > LR tarS Z A E tarM ¥
A R 59 7 B B B RR B AE A1 [26] © tarP B9FFAE TN T B R A AR B9 R B HULME[27] 0 Mg

HE A R R A R R LA e 2 BE A TarS 154014 60 & 4% 0 & TarM 2, TarP 74285 >
HAS BG4 o TarS[5] HHRE A PR g Ema| R itt-

AERGBEEREAARER T THER I MRM 8L AMY T A arM KR 69 Btk
ATCC35556~ SA015 ~ SA060 ~ SA057 ~ SA053 ~ SA059 ~ SAV02 ~ SAV05 & SAVI12>
AR A tarP % B 69 HAk SAV09 ~ SAVI3 ~ SAV14 B /1 8159 > B REF Ak
B 6 B FAS AR A 0 B A RS B R AE T o BB 43R, 9S4-1 minor tail protein %
FE3E 12 ¥R A tarM R tarP KB 89 Bk 0 AR BRI R AR A B 09 AtagO SA0SS
Ak LT R EE B > A AR AR Ak LR B AT AR A B B 3R A e i RGR
H# 7] 0S4-1 minor tail protein A% 3 4n B 45 A% 64 # H1] =T A8 S BF 4 BF B2 L & TarS 1547 A
Bl A2 B E ZRRAN TR AEHRE -

P9 MRo% A B F I 0S4-1 #1 SA055 AT E WA R B 5 & R#T 0S4-1 ££
MOI = 1x10° BT #§ B Ak a9 77 7& £ FIF £ 57.9% > MOIL = 1x10* B Al F 5 £ 1.6% °
ERAREABATASCMERARBRELE BRTF BRI MG TEX ELHE

-

REANEAGTRM  £GRBEESBIRERIROEREHAREL S
MR E (systemic infection) &9/ BAEA L FEfg A RAR 8% 4 13108~

1x10° CFU/mice[28-31] * 25tk & w & R H K AR AENBRAE S A £ R 57
B A REEE - ATRE LATAIR SA0SS e9R AR & - HHLAKE 3.9x108
CFU/mice F » # 5 #i#s X&) BALB/c B R A 80%H9 3K % - b & T 5 sRIEE #
BE AL BE M 69 MOI 232 1x10% > B2 B A%38 % £ 3.9<10'2 PFU/100 pL » R 4E A
R F o F R AT S A B 0 BB R B E A 2] 1x10° PFU/100 pL » #4857 5 4k MA

—_
[oze]
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0S4-1 H#ATHR AR X > B A REBRNRILARSAE » T AR RICELRA
BAMAE TSGR - FEHBERMAR G ERAUNEROEARETERERNE
KA GHR LN EABBRETY > SHEH MOL %42 0.1~10 Z R Br T 4 B
FO A R[32-36] BT E R EBANGE  EoERAXEE AN LA

BBRFNARERESAREA>EARBEREZ > B3 0S4-1 TH B »
Rountreeviridae #t > 3t $2 NCBI #0495 & ¥+ 5 # 48 YL 4% # 8% PSa3 &9 percent identity
% 92.82% ° 0S4-1 L2 S ATRABE A K AOHETT] > RFIKE FEET 0S4-1
endolysin - tail protein-1 ¥A & minor tail protein #/T#4 EeELEaRH - £ R H -
B 1 461644 > 0S4-1 endolysin 1£ o A B R o it F o EIEFE R £ LA IRAE
EM 4% SDS L —F RAAE % FREMEBEFELELFRTY - BB R RATH
LR BAZE QI Bl G RKES  REZAEEMBNRA®E L 0%
#2 (inclusionbody) ° $ R X% @B E & G &9 KEM » HlloIRIn e BRIRE - BT
3% % (ionicstrength) ~BE F I RE F > RRMAMRE G K @R FAEFE3T] -
B eHEaNENALRE B REKRMA (pH=2.0) X% E&kME (8.0<pH
>10.0) WERTEZRETAH TH » BLAEFRZHOKEM38,39] KR THEER
BB R TR A RIE BT 98 0 Wk G H 0 IERR L [40] o IRk Sh 0 £
& ¥ A mBERL B (chaotropic agents ) 27 # | (detergents ) ¥ A& % & 2 B 1§ o F
BB KSR S b ARF KB T R[4l MR E LB T RANDKEH SR
FREAGHRE - TRATEGRNBERS > Kty IPTG & % > AR &S T
(promoter ) M3 > A TARGFHRBARE G E A REBN® > £1E £ BB MIERE
P B[42] B T AR T BAE4F 77 20 8 £ B & 3 K A£3% & &G (chaperone protein )
W& G H ey BT & > LU § LR 0y & A [43]

AEREAREGIERQEEER  ERo SR E S5+ 8 i ey E RN
REMCIHERZIR o AEBREE LT 0.5% Tween-20 & 1% Triton X-100 & &
TRMEB > RAERERRBE - FIKIPTGREE S XAL TR ETHEAKRESHE
iRt BT E S B L HBAEERZT OB L ZRRRE SR TR
ABRATHERLKER TURITEOEHEOMAHMART RBAFEEEGT Lk
g R R o
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0S4-1 tail protein-1 BHAKEMGEEE ARRABABRTRERL £ LF
R R MEEEBRR A E BB RAR QL BIARAIRR A W R IR R
b o SEBRATER KRB S pET-28c» AT AZTAZ A8 N-3E C-3h & £
Somhz mppr#BAR R (Histag) - A X Z o aRAFEL R TS
(misfolding) > RITREM BB KROBEAROE NI EREGRELES L
Bh[44,45]° & B DA T B R &I B i3k T 42 F AN & 5 ( guanidinium chloride )
k& (urea) F M B (denaturants) #IRE G QIF S HaARBRREL K
#%ABedEy (dalysis) FFH KF &G EARERRBE L EFHr 845 Km o 52
AELZFAZRBBERBTE RS AL TAZALLXALWRAFZNE L
w RS AE B AR E AR RR L ARG e G E A
A Eax— KRBT RA—FHHAR -

©S4-1 minor tail protein & B A HE R ZE G E > KA RR B )& G4 L
BT 10kDa A4 © HFRIE K& G & RE T AE G /18 X 4o i P9 AT 3 F 12 1546
(posttranslational modifications) > &4 & G n®| > B4 - 74 -~ ¢854
B AR EEAL > KA w LRI R B o T E[46]0 R G RN o TR g
FE AR EER &2 BEEZEMY B (alternative splicing ) £ 4 & & £ 448 (protein
isoform) * #R T fEfE B AR &K G 69T 2 F 4§ 2™ 0S4-1 minor tail protein & IPTG
AR B PR EREEONGTME L RRE B A GRREEN B
BEINFERARIGEE  SAER P TIAREIR - &AL RE R HFRG
BB T fe R F LA Ry R A < Jbsh > SDS-PAGE 3 JF F B & & Ko ey B ag oy X
X fk#5 i SDS-PAGE AT 2869 %& G X MEH ) 95%F 100%0) £ - #55] & &
i ALEh (glycosylated) % > BER P E R G SDS W1ER - BB EZ a»n
B 74 64 7% ) JE 8 [47] ° 9S4-1 minor tail protein Z K/ £ B b3z 2 LB XN > ™%
RAEEREGZEEARD > TH A G 3R Z % (mass spectrometry ) #EATHERE o T3k
B 2 % R B85~ 0S4-1 minor tail protein %A #P A EME 0 KA & G E % B R 0S4-1
H B PUTRE R 0 AR ek G 3 AR SA0SS B8 R IEAK > & EAER
RESAMOER  AE ARG ERFRMRAT - ARG FTAT A @A L
BT 100 pL [ % #% F4% £ 89 0S4-1 minor tail protein 34T & % » B3 RIT£EZ L L
RE%ELE  BTILERBIF@ASTETR mARFEFE LMK - Af - KR

-
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B RER TN R AT LR K o AT RS AR AR AT Bk RIS R EEE M 60 & & 0S4-
1 minor tail protein 1 ¢S4-1 *% i 28 & 7] /T4 H X8 » BpfEsb ik G Re AR A &
B 0 fa B B AR 2 R @ B R AK MR T A B AR AR T A A
¥ H A o 6S4-1 minor tail protein BE R4 0S4-1 48 - Bh AL BT H 48 E o Bl &
0S4-1 /1N STAE R B9 B R TS '& 1 0S4-1 48 BT L 85 2 0S4-1 RE LR
MBERI 0S4-1 MBS - ZRULBERA R ORI LA R A HR > BEE
4% #¥1 3S4-1 minor tail protein R B 8 HALE AR 0 AR AFTRAZLEER
B A R BTG R 3R A8 0 REEFE R E S0 E tE 0S4-1 minor tail protein /]~ 89 B B 4T
B o

REBPToHEN X E A 0S4-1 S EF EH HHRE % L @ifHk MRSA
PEREBREAR BT EBEAEZNE L0E - BE LAY 054-1 EHER
BFAR B 2R 7R £ > minor tail protein 8975 i B4 K2 E 9 > BRow H VT AE RAE AR W A
Qe MBERERE il eREaE R % BEREFNERAZTELRME
@R MERABEEGHER S AE T ERER T AR SGHEIRN T
VA X R AR RS A FAE A RN B 0 R G B AR T AR R ) iR AR R
XML BAKERAGERER - MGSERATETHIE@ARBDEE AL
BRI AR R R 5 AARZ RIR ) 0 SRR AR A K AR A BA 3 [48-50]
HEmT o RERAT YD LA 0S4-1 > AR AL E 8978 A BF 0S4-1 minor tail
protein & &R T > HHBIIA R RERZ 0 RREARBE L BRI
PR
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k- ATREAZBERL BER

mEL /) BER RA (BAFAREY) R
Enzymatic digest of casein 17 g,
Tryptic soy broth enzymatic digest of soybean 3 g,
Neogen, U.S.A.
(TSB) K,HPO4 2.5 g, NaCl 5 g, glucose
monohydrate 2.5 g
Tryptone soy agar TSB: Neogen, U.S.A.
TSB broth added with 1.4% agar )
(TSA) Agar: BioShop > Canada

Tryptone soy top agar
(TSA top agar)

TSB broth added with 0.7% agar

TSB: Neogen, U.S.A.
Agar: BioShop, Canada

Luria-Bertani broth

(LB broth)

Trypton 10 g, yeast extract 5 g, NaCl

5¢g

BioShop, Canada

Luria-Bertani agar

(LB agar)

Trypton 10 g, yeast extract 5 g, NaCl

Sg,agarl15¢g

BioShop, Canada
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= ATBRIER ZBHR

& R AA R IR
100 mM NaCl, 10 mM MgSO,, 50 MgSOa * Sigma-Aldrich, U.S.A.
SM buffer .
mM Tris-HCl Tris-HC1 : BIOMAN, Taiwan
buffer 1.2 30% PEG 8000, 3M NaCl PEG 8000 : BioShop, Canada
100 mM NaCl, 100 mM Tris-HCI, )
buffer L3 EDTA : BioShop, Canada
25mM EDTA
buffer L4 4% SDS SDS : BioShop, Canada

50x TAE buffer

2M Tris-base, 1M acetic acid, 50 mM
EDTA

BIOMAN, Taiwan

lysis buffer

50 mM NaH;PO4, 300 mM NacCl, 10
mM imidazole, pH 8.0

NaH>POy4 * BioShop, Canada

Imidazole * BioShop, Canada

wash buffer

50 mM NaH2POg4, 300 mM NacCl, 20
mM imidazole, pH 8.0

elution buffer

50 mM NaH,PO4, 300 mM NacCl, 250
mM imidazole, pH 8.0

Coomassie brilliant

blue

Acetic acid 50 mL, methanol (99.9%)
250 mL, ddH>O 200 mL, Coomassie
blue 1.25 g

Acetic acid * Honeywell, U.S.A.
Methanol : Honeywell, U.S.A.

Coomassie blue * BioShop, Canada

destain buffer

Acetic acid 100 mL, methanol
(99.9%) 75 mL, ddH>O 825 mL
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K= ATRERZ A

B & % % MRSA B B A R R
BCRC14832 CP5 BCRC, Taiwan
ATCC35556 CP5 ATCC, U.S.A.

SA015 (MRSA) CP5

SA039 (MRSA) CP5

SA060 (MRSA) CP5

SA042 (MRSA) CP5

SA057 (MRSA) CP5 .
SA045 (MRSA) CP8 SRR
SA041 (MRSA) CP8

SA053 (MRSA) CP8

SA055 (MRSA) CP8

SA059 (MRSA) CP8

SAV02 (MRSA) CP5

SAV05 (MRSA) CP5

SAV07 CP5

SAV12 (MRSA) CP5

SAV01 CP8

SAV03 (MRSA) CP8

SAV04 (MRSA) CP8

SAV06 CP8 LI ERAER
SAV08 CP8

SAV09 (MRSA) CP8

SAV10 (MRSA) CP8

SAVI1 CP8

SAVI13 CP8

SAV14 (MRSA) CP8

SAVIS (MRSA) CP8

:i:vvg; gz JC LY T e

AtagO SA055 CP8 AEREEME
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kv~ AEBRERAZHEHHE

" AR 3 R

44AHID Podoviridae BCRC, Taiwan
BWREFAAT oL

S1~S10 roeEEE A FEE ik
bR e H HERE G R E 78

0S1-1~0S6-4 KEBR yEHEHZ A FEHHIKALAME 5 KR
0S4-1 AEBRSELZEFER AR LAR 7 KR A
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RE >~ TRERZ KRR

kA RIR #HAx B #
1 BRI A % 08/15/2022
2 SAERARE 10/27/2022
3 NEF R 3 10/27/2022
4 B BRI 10/27/2022
5 & B ARAEET] 10/27/2022
6 RE B AT R 10/27/2022
7 I #4325 10/27/2022
8 ERBRARE 11/03/2022
9 NE TR 11/03/2022
10 ZYBEI; 11/03/2022
11 L B R AEIE 11/03/2022
12 RE BT Y 11/03/2022
13 I #4325 11/03/2022
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BB X KRB AR H B R

Bl 43k
1 8 11 13
B ¥k
SA055 ++ ++ ++ ++
SAV09 - - - -
SAV13 - - - -
SAV14 - - - -
SA042 ++ - ++ -
SAWO01 - - - -
SAWO02 - - - -
AtagO SA055 - - - -
0S4-1 056-1
wEEE ey R AR 22208 oS1-1 9S4-2 ﬁggg
0S4-3 )
0S6-4

=3

"+ RTRABFEARNERE > - AR EEAERERE  SA0SS ~ SA042 A
F B ERNEME MRSA Btk SAV09 ~ SAVI3 ~SAVI4 kg Gt ERAER K
¥ SAV09 ~ SAV14 & # MRSA * SAVI13 & # MSSA > SAWO01 ~ SAW02 % & & fE
KT 809 MSSA » AtagO SA055 2 B B ¥ ZAE tagO KB HIFR 4k -
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2t -AFEREAE/RZIEABRSHLARNY > RELAEZR - FTRECERAIEZHAE - &
TRy EZEABAMARZTOZIEIABEE

6 9 | 6 6 6 6 |
0

BCRC14832 + s - s s R ++ s ++ ++ ++ ++ +
ATCC35556 + 4 ++ aF 4 + 4 aF + + + + + +

SA015 + + - + + + W + + + + +

SA039 + e ++ P s e e ++ =+ ++ ++ +

SA060 + + i - i hig i i + + + + +

SA042 + ++ ol e e I el ++ ++ ++ ++ ++ ++ ++ ++ ++ +

SA057 + + + + + + + + + + + +

SA045 + ++ 2 ++ + ++ ++ ++ ++ ++ ++ ++ +

SA041 + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ +

SA053 + + + - + + + + + + + + +

SA055 + ++ + +H| + [+ ]+ ]+ | | ++ ++ ++ ++ ++ ++ ++ ++ +

SA059 & + + - + + + + + + + + +

SAV02 ar 4 + - + + W + + + + + +

SAV05 aF + 4 - + + W + 4 + + + +

SAV07 aF ++ - ++ ++ ++ ++ ++ ++ ++ ++ s +

SAVI12 + + ++ + + + + + + + + + + + -

SAVO01 ar ++ W - ++ s ++ ++ ++ ++ ++ ++ ++ +

SAV03 + s A i i a4 i s R ++ ++ ++ ++ ++ ++ +

SAV04 + ++ - - - - + - - - - - i s R A ++ ++ ++ ++ ++ +

SAV06 + + + + + W + + + + + +

SAV08 - - - e - i - 5 - - - 4 - ++ P s e ++ ++ =+ ++ ++ +

SAV09 i il i + - -

SAV10 + - it Gt 5 ++ ++ ity ++ ++ ++ ++ ++ ++ ++ +

SAV11 + - 3 i ++ + ++ ++ ++ ++ ++ ++ ++ +

SAVI3 + + R R R R R

SAV14 + + R R R N

SAV15 + - ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ +

SAWO01 NA N/A ++ ++ + + + + + + + +

SAW02 ++ ++ W + + + + + + +
Atag0 SA055 |+ | - - - -1 -1 -1-[T-1-1-1-"1-1- o+ |+ e [ e ] o | T+

S

EXI (KRE) ARAERERAMRZBABEHARAY T+ A TAMFPAZAR > - A TEAMABEAZAR > 35 EHIIA A
AEREZCEEZAE —HNEZRZNALGX[S] AFH(HBE) ABRERBLRAZARER " A THBRFENAGEEE "+
R AEG RBNEAR 0 - RREKERABRMERAR c 4AHID (FK) ARELHAMK > SI~S10 (BE&K) AL ERE D
BMAFTCH AR A EER > S1-1~82208 (R4 K) ARTHRM ML E A > S4-1 minor tail protein (REEE ) A AT ERATRH ~ 4h1k
BM&ka -

i doi:10.6342/NTU202401877



EN~ AERERZIF

EZT 7l (5-3) A

5 b
GGAGATGAAigiﬁEﬁ%@GTCATTACA I 0S4-1
endolysin % & >

S4-1 endolysin-
Ncol newl

5 b
GAAAAAAACCTCGAGTACCCATTATG &L H A
AGAACACCCC 3°

S4-1 endolysin-
Xhol

5 b
GAGGTGTAAACCATGGCTGATAGAAT B 0S4-1 tail

€G3 protein-1 A B > &

S4-1 tail protein-1
Ncol newl

5 b
CGACTATTATACTCGAGTTATTCAATG HRAH M
ATTTG 3’

S4-1 tail protein-1
Xhol newl

5’

CAAATTTGGTAA(?(C:}S’TAGCAAATTATG 74 0S4-1 minor

S4-1 mTP-Ncol
new

5 tail protein & & >

S minor il GACTTCATTGTTTCTCGAGCTATTTAT M &R
P GTTTTGC 3’
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.

B— ~ HARE AR E R

Ao H R E E MR £ 1x10° PFU/mL Sk > AH 10 pL o B 28 oA 263k 5 04 7 Xl Ao it 30 42
I@Aﬁ%é%%}ﬁ%**éﬁfﬁﬁi ) H%&i%é’?ﬁjﬁ,}g'%@iﬁﬂﬂﬁ}g%%{gﬁ (f{‘t) o Eij}_
B E o BB RTREA Otk B AR B H AR (S1-1~S2208) » A RAR R
B bk 44AHID AT R o
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S4-1 killing assay on SA055
57.9%

N
T

=2}
T

survival rate (%)
N B (S
T <

10+
1.6%
—
0- I . 1
3
\,/'\

&

B—-0S4-1 AMB/ABRABRER

AR 0S4-1 7 MOI=1x10° fv MOI=1x10* B4+ ¥ SA055 89 BA#E /1 > Scale bar L& ~H 4
f BAEIEF LTI (%) o WA PITZ R IR - AR A FAH -
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054-1
Lo9=2eed 5 M

feo) 10000

- &= 3000
- — 5000
3000
S e — 2000
W e — 1500
a—— 1000

—— 750

-
—— 250
-

M: marker
1: uncut

2: BamH 1
3: EcoR 1
4: Hind 111
S:Hpal

B= 0541 R EKRESAMK

#% 0S4-1 49 DNA AR #1BF BamH1 ~ EcoR 1~ Hind 111 ~ Hpal 1% > B ATk n BER B K/

A& o A3y S B E R 2 R B & DNA ladder * 2 % uncut 2 5k Au A PR B 64 )7 45 DNA

A o
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(A)

tail protein-1

endolysin CDS_13
minor tail protein CDS_14
CDS_5 CDS_15
CDS 4 CDS_16
CDS_3 tail protein-2 CDs_17

CDS 2 holin CDS_18
CDS_1 CDS_ 11 CDS12 CDS_19

phage S4-1
17547 bp

B

Description Scientific Name Max score Total score Query cover E value Percent identy
1 phyl phage PSa3 Staphylo phage PSa3 25411 25873 100% 0 92.82
2 Staphvlococcus phage SLPW, complete genome Staphylococcus phage SLPW 24077 26971 99% 0 93.75
3 |Staphylococcus phage vB_SA_STAP152, complete genome Staphylococcus phage vB_SA_STAP152 23364 25031 97% 0 93.28
4 |Staphylococcus phage TSP, complete genome Staphylococcus phage TSP 22556 23980 97% 0 92.07
5 |Staphylococcus phage vB_SauP-436A1, complete genome Staphylococcus phage vB_SauP-436A1 22282 24202 99% 0 91.72

Bw-~oS4-1 2 A HABREFLER

(A)oS4-1 89751 K/ N2 17547bp > R YR T AR A ARG TARBTRALZARS
B4 5] B LA & &A% 30 0 i3 - 4545 5 9] A minor tail protein ~ endolysin  tail protein-
1 ~ tail protein-2 LA A holin °

(B) #% 0S4-1 A %]$2 NCBI #4% & tb ¥ > B E R8>~ Max score : & 89 AT A & 4 R o #1 S4-1 &
MENAMAELEALRERHHRAERAM LY RAMEL AR AR PSa3( R FART )
w9 % percent identity 2 92.82% °
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(A)

No Description Max score Total score Querycover Evalue Percentidenty
1 |endolysin [Staphylococcus phage vB_SA_STAP152] Staphylococcus phage vB_SA_STAP152 479 479 99% 4.00E-170 92.86

2 |lysin N-acetylmuramoyl-L-alanine amidase [Staphylococcus phage vB_SauR_SW25] |Staphylococcus phage vB_SauR_SW25 476 476 99% 1.00E-168 90.87

3 |endolysin [Staphylococcus phage PSa3] Staphylococcus phage PSa3 476 476 99% 1.00E-168 92.06

4 |endolysin [Staphylococcus phage Pabna] Staphylococcus phage Pabna 475 475 99% 2.00E-168 91.27

5 |endolysin [Staphylococcus phage vB_SauP_phiAGO1.3] Staphylococcus phage vB_SauP_phiAGO1.3 473 473 99% 2.00E-167 90.48

B

Section 1
m1 10 20 32
Translation of S4-1 endolysin cut (1) * LQQAKQWIDVNTGRGI A QCM
endolysin [Staphylococcus phage vB_SA_STAP152] (1) MKSQC DWIYKHEGVGVDF QCM
Consensus (1) MKS QQAK WI G GIDFDGAYGFQCMDL
Section 2
(33) 33 40 50 64
Translation of S4-1 endolysin cut (33) M x

endolysin [Staphylococcus phage vB_SA_STAP152] (33) Y
Consensus (33) AVAYMYYITDGKVRMWGNAKDAINNDFKG 1 AT

Section 3
(6s)65 70 80
Translation of S4-1 endolysin cut (65) VYENTENFKE
endolysin [Staphylococcus phage vB_SA_STAP152] (65) VYENTPSFKEC v IN---SQYGHIQC
Consensus (65) VYENTP FKPQLGDVGVY N QYGHIQ V
Section 4

(97) 97 110 128
Translation of S4-1 endolysin cut (97) YTCLE WEKAT
endolysin [Staphylococcus phage vB_SA_STAP152] (94) N
Consensus (97) 15G NLDYYTCLEQNWLGGGFDGWEKATIRTHY
Section 5
(129) 129 140 150 160
Translation of $4-1 endolysin cut (129) X KVLEQNIQF K
eendolysin [Staphylococcus phage vB_SA_STAP152] (126) )
Consensus (129) YDGVTHE IRPKFSNSDSKVLEQNIQKTNNWK
Section 6
(161) 161 170 180 192
Translation of S4-1 endolysin cut (161) 1 NENC A [
endolysin [Staphylococcus phage vB_SA_STAP152] (158) M :
Consensus (161) NQY(:TYYRNEN( TFTCGFLPIFARVGSPKLSE
Section 7
224

(193) 193 200 210
Translation of S4-1 endolysin cut (193) PNGYWEQPL E E
eendolysin [Staphylococcus phage vB_SA_STAP152] (190) FNGYW ) E EVCLS
Consensus (193) PN&;YWFQFNFYTPYDEV(‘LSDFYVWIAJYNWQL
Section 8
(225) 225 230 240 253
Translation of $4-1 endolysin cut (225) QW \ WGVFS-
endolysin [Staphylococcus phage vB_SA_STAP152] (222) L )
Consensus (225) TR‘{‘{LPVRQWNk KTGNAYSVGIPWGVES

B # - 0S4-1 endolysin Z tL ¥ & X

(A) # @S4-1 endolysin /-7 #2 NCBI #t45 E b ¥ > B L85~ Max score RS I M A L &R - &
FHMERSEARBLFERNHHKALARM vB SA STAPI52 # endolysin ( B 4r F4%
i) o W 5 %8 percent identity % 92.86% °

(B)@S4-1 endolysin #2°% %% vB_SA STAPI152 # endolysin Z A B 5 ZILL ¥ 4R > mE A
18 MBS AEL - B LR R FRETREAEEGEERTT] > GREFR &m0
AL o

40
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(A)

B

0 De ptio e a ore 0 ore Que 0 P de
1 [tail protein [Staphylococcus phage PSa3] Staphylococcus phage PSa3 896 896 99% 0 97.3
2 |tail protein [Staphylococcus phage vB_SauP_EBHT] Staphylococcus phage vB_SauP_EBHT 863 863 99% 0 94.59
3 |tail protein [Staphylococcus phage Portland] Staphylococcus phage Portland 834 834 99% 0 88.98
4 |tail fiber protein [Staphylococcus phage vB_SA_STAP152] Staphylococcus phage vB_SA_STAP152 832 832 99% 0 89.21
5 |tail fibers protein [Staphylococcus phage TSP] Staphylococcus phage TSP 829 829 99% 0 88.15

Section 1
Translation of S4-1 P1 cut
tail protein [Staphylococcus phage PSa3]
Consensus (1) MADRIVRSLRRVEDI RL}\ FLTEENDLISTSDGHIYV
Section 2
(39) 39 50 60 76
Translation of $4-1 P1 cut (39) ¢ SSYY N KYS
tail protein [Staphylococcus phage PSa3] (39) RTDSSYY
Consensus (39) RTDSSYYKLTFVNDLKTL!DKYS QID HDIAIN NKE
Section 3
77 77
Translation of $4-1 P1 cut (77) K1
tail protein [Staphylococcus phage PSa3] (77) K 1< 3 I
Consensus (77) KISTFLEKIKKFQPMIDSNKNDIDALKEKDIILNESLE
Section 4
(115) 115120 130
Translation of $4-1 P1 cut (115) © DF
tail protein [Staphylococcus phage PSa3] (115) ©
Consensus (115) QHQTQLNEFEKSMLQYDDKYHTLTQSLNATKDSVGRNT
Section 5
(153) 153 160 190
Translation of $4-1 P1 cut (153) 1 5
tail protein [Staphylococcus phage PSa3] (153) N L VN
Consensus (153) NDINLI KANTCAENI DALKRELAE\IKKSVNLDK I KEII;
Section 6 Section 10
200 228 (343) 343 350 360 370 380

(A)#% 0S4-1 tail protein-1 57| $2 NCBI #t4% B tb ¥ > B L #85T Max score & &
H K AL A B PSa3 & tail protein ( A 4

(B) 9S4-1 tail protein-1 ¥ %%

(191) 191
Translation of $4-1 P1 cut (191) ©
tail protein [Staphylococcus phage PSa3] (191) ©
Consensus (191) QQIELLKAKPTNDN IQEIQEDINQLKQNSSAGKLESI
Section 7
266

(229) 229

Translation of S4-1 P1 cut (229) E©
tail protein [Staphylococcus phage PSa3] (229) £ 0 A ESK NPKDY
Consensus (229) EQTINDIKANANLDK1KELESKINSINPKDYTQDINSI

Section 8
304

SNVE

(267) 267

Translation of S4-1 P1 cut (267) KSELAT

tail protein [Staphylococcus phage PSa3] (267) ¥ 51 2 GDV
Consensus (267) KSEIATLKSNNDKISKIENEIQELKNKPVVDSDG VDL

Section 9

280

290
KIS LKN

0

(305) 305
Translation of S4-1 P1 cut (305) S YD
tail protein [Staphylococcus phage PSa3] (305) S¥ ¥ D SELKQ
Consensus (305) SKYDNDISELKQKSSTNESNISSLSNKVDNLNIDTKIA

Translation of S4-1 P1 cut (343) ©
tail protein [Staphylococcus phage PSa3] (343) © 5
Consensus (343) QsKsEIEQNFNQKINSAKLQFNDTGWQDI SLESGIVAS

Section 11
(381) 381 390 400 418

Translation of S4-1 P1 cut (381) DSN VPQYRIVTINGFKTIQLKGVLKGIKKN ¥

tail protein [Staphylococcus phage PSa3] (381) Dss A KTIQLKGVLKGIKKN K
Consensus (381) DS GGYP PQYRIVTIN(‘FKTIQLK(‘VLK(‘IKKNGDIK

Section 12
(419) 419 430 456

Translation of S4-1 P1 cut (419) 1G5 THHYT K ELYF

tail protein [Staphylococcus phage PSa3] (419) LG H KMI LHF
Consensus (419) LGS T KSTHHYTQCAIDSKMINTRLYLNF NELHF

Section 13

(457) 457

Translation of S4-1 P1 cut (457) v T N

tail protein [Staphylococcus phage PSa3] (457) V' 5
Consensus (457) V SNYSDSEL NGDKRFVIDTQI IE

B 75 ~ 0S4-1 tail protein-1 Z tb ¥ & R

EbamERSHEAREEFEH
F- 3| &4 percent identity & 97.3% °

gl

e A c B ERRAETF

41

VN

él] H‘J ~‘D %

H 8% PSa3 & tail protein X Je KB ;7 b &R > WA 13 B4
R F o W A8 ) 64 J A B R 7]

B KB F IR Fon S i A B -
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Description Max score Total score Query cover Evalue Percent identy
1 |minor tail protein [Staphylococcus phage LSA2366] Staphylococcus phage LSA2366 1315 1315 99% 0 97.37
2 |putative major teichoic acid biosynthesis protein C [Staphylococcus phage SAPYZU_16] Staphylococcus phage SAPYZU_16 1310 1310 99% 0 96.9
3 |Chain A, Tail Fiber of phage P68 [ hyl phage P68] phyl phage P68 1306 1306 99% (] 97.06
4 |minor tail protein [Staphylococcus phage phi44AHJD] Staphylococcus phage phi44AHID 1305 1305 99% 0 97.06
5 |minor structural protein [Staphylococcus phage STPX-6] Staphylococcus phage STPX-6 1304 1304 99% 0 96.59
(B)
Section 1 Section 10
(307) 307 320 340

Translation of S4-1 minor tail protein cut Translation of S4-1 minor tail protein cut (307) V&

Translation of phiP68 gene17 minor tail protein

Translation of phiP68 gene17 minor tail protein (307) *

Consensus Consensus (307) VKNH IDNVEKEMTIDNSENNDNRWMQGIAVDGDD
Section 11
(35 (341) 341 374

Translation of S4-1 minor tail protein cut (35]
Translation of phiP68 gene17 minor tail protein (35,

(35 .

Translation of S4-1 minor tail protein cut (341) ©
Translation of phiP68 gene17 minor tail protein (341)

Consensus Consensus (341) LYWLSGNSSVNSHVQIV‘KYSLTTGQKIYDYPFKL
Section 12
(69, (375) 3 408

Translation of S4-1 minor tail protein cut
Translation of phiP68 gene17 minor tail protein
Consensus

(69) ®
(69

(69) &

(103
Translation of S4-1 minor tail protein cut (103]
Translation of phiP68 gene17 minor tail protein (103,

wz

Translation of S4-1 minor tail protein cut (375) <
Translation of phiP68 gene17 minor tail protein (375) «

Consensus (375,

LL

Q v NFKEPEG L
SYQDGINFPRDNFKEPEGICIYTNPKTKRKSLLL
Section 13

(409,
Translation of $4-1 minor tail protein cut (409,

Translation of phiP68 gene17 minor tail protein (409) »

430

442

AMTNGGGGKRF NLYGFFQLGEYEHFEALRARGS

Consensus (103 Consensus (409
Section 14
(137) 137 170 (443) 443 476
Translation of S4-1 minor tail protein cut (137, Translation of S4-1 minor tail protein cut (443, F L
Translation of phiP68 gene17 minor tail protein (137, /K Translation of phiP68 gene17 minor tail protein (443] T I SFYYID
Consensus (137) EVKDLIKDI RFVNu ELNELEPKE‘VM{‘FFGIRN Consensus (443 QNYKLTKDDGRALSIPDHIDDLNDLTQAFFYYID
Section 6 Section 15
(173) 171 180 190 204 (477) 417
Translation of S4-1 minor tail protein cut (171) ) QT NKLT Translation of S4-1 minor tail protein cut (477) ©

Translation of phiP68 gene17 minor tail protein (171) »
Consensus (171)

NHMYSTQSDSQ PEGFWINKLT
Section 7

AVNQSINID

(205,

Translation of S4-1 minor tail protein cut (205
Translation of phiP68 gene17 minor tail protein (205,
Consensus (205

(239

Translation of S4-1 minor tail protein cut (239]
Translation of phiP68 gene17 minor tail protein (239]
Consensus (239

HHDGVAKLLQVAYKDNYVLDLEEAKGLTDYTPQS
Section 9

(273

Translation of $4-1 minor tail protein cut (273) LLNKHTETEL

Translation of phiP68 gene17 minor tail protein (273,

2713 280

290

Translation of phiP68 gene17 minor tail protein (477)
Consensus (477)

GGTA KLKNIPMNGSKRIIDAGCFINVYPTTQTL
Section 16

(511)

Translation of S4-1 minor tail protein cut (511)
Translation of phiP68 gene17 minor tail protein (511)
Consensus (511)

511 544

GTVQELTRFSTGRKMVKMVRGHTLDVFT KWDYG
Section 17

(545)

Translation of S4-1 minor tail protein cut (545)
Translation of phiP68 gene17 minor tail protein (545)
Consensus (545)

545 550 560 578

LWTTIKTDAPYQEYLEASQYNNWIAYVTT GEX‘(

(579)

Translation of S4-1 minor tail protein cut (579) I

Translation of phiP68 gene17 minor tail protein (579)

Section 18

579 612

NAV

LLNKHTFTPLIDEANDKLILRFGDGTIQVRSRAD Consensus (579) ITGNQM LFRDAPEEIKKVGAWLRVSSGNAVGEV

Consensus (273

B £ ~ 0S4-1 minor tail protein Z kb ¥ & %

(A) #% 0S4-1 minor tail protein 57| $1 NCBI #45 & Lb #f » [ L #87~ Max score # & 69 AT B 4 &
HYmERSHEARE &

#Z3t) o HmFE T 784 percent identity & 97.37%
4% & FE HKA%E M P68 ) minor tail protein (AT K ZF

HEHBHKAE A LSA2366 & minor tail protein ( A &

R F ©S4-1 minor tail protein $1 % — & A

%32 ) X percent identity %
97.06%

(B) @S4-1 minor tail protein $174% i #% P68 #9 minor tail protein Z A B 5 ZILL ¥ 4R > mE A
20 fEsEAL AR - Bl B R R MR W R T 5] 0 AR B TR R AL R

A B o
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(A) (B)
M Endolysin PCR product . M Tail protein-1 PCR product
&2 ; =
©¥
| ,
o : -J .
e
" 2000 + ‘ '
1000 fig 1500 +
750 Mg 10000-— o 1
v - - i
o — R S M e
©)
Minor tail protein
M PCR product

oo g
&N

-

-
B BMRERZ 0S4-1 EHBREELEEGRR

2L 40 ng 9S4-1 DNA 4288 A B4k # 4T PCR RJE > B A 1%TAE # B5 5t 8 7k #E3% PCR ZH K
AN

(A) 9S4-1 endolysin » FA3t &4 KN 2 792 bp °

(B) 0S4-1 tail protein-1 » FA3t Z 4 K/ & 1475 bp ©

(C) @S4-1 minor tail protein * FA3T 4 K-~ % 1977 bp ©

M : 1 kb DNA ladder °
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(A) (B)

PET28c::954-1 endolysin pET28c::¢54-1 endolysin

- (insert primers) R 11111 F— pET28c::tail protein-1 (insert primers) pET28c::tail protein-1 (T7 primers)
> M

M

%:E----.‘~ “—U.b-

1000 -
=

15000+ [S)e [=] - - - [ ] - e X
-

1000w

Lot

©)

PET28c::minor tail protein PET28c::minor tail protein
(insert primers) (T7 primers)

o=l
[~ - 2000
-

BA- -B482EAREYTM pET-28c° ABKRABBEEHKT

U5 Fi#4T PCR> AR B AR A F 46 LH 2 pET-28c R4 Z Btk + - Insert

primers 4t ¥ B AZ K B 69 58 R AT3X3T 0 T7 primers R 4 %13% 3T 42 pET-28c H 8 % % 7% Ik 4| B B

Z 14 (multiple cloning site ) &) 3% » 7T #£3% B AL A B & F Ry #4 L pET-28c °

(A) S4-1 endolysin 24k 51.1% 89 PCR 4% > £ B 1£ A insert primers * TAH KN4 792bp > &
4% M T7 primers * TAEA K- # 972 bp °

(B) tail protein-1 #4k 51,14 69 PCR 4 R > A B4 A insert primers * T K-\ & 1475bp » & B £
Fl T7 primers > TAEA K /N & 1655 bp © 446 TR KMo & W) A4 AEAT T ©

(C) S4-1 minor tail protein &4k 51,#% 89 PCR 4% > Z B 4E A insert primers * 8#3 K-\ & 1977
bp > A& B4 A T7 primers > FAHA KN 2 2157 bp © 54 TAHA KN & ) BUALARAZ S o

44
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(A)
wash El

pre post flow  pellet

-

M
—
-
- -

-

o W

(B)
4% SDS lysed
pellet flow El M

pre post sup

B 1+ ~ 6S4-1 endolysin & & &9 &k 3, 9L b 1L

(A) 6S4-1 endolysin & FAHA A /1 % 27.9 kDaIPTG T35 S 3 A 2% & & % A post-induction’
DA & ATBEAR R ) 0 ARMARE - ARtk 0 LFRATEIRZ A e flowthrough ~ wash ~ El
LEARBEIZEGE > EaE BN TRES (pellet » R4 EFTHAZT) -

(B) #4421k 0S4-1 endolysin &1 & FLILLLAL » 31X 4% SDS » 70°C ho i Lok # 14 2 5L Hedh ©
ARFBRA RAMA 2% & £ & (post-induction » M &r &AF SRR ) » 2 M4 SDS 4 i

o BARE @03 (A ISR T (4% SDS lysed pellet » 54 & R ) + e HEh 31
EFERY  BORA TR ARG ESG -

M : SDS protein ladder ~ pre * pre-induction ~ post * post-induction ~ flow * flowthrough ~ sup * 4%

SDS lysed supernatant °
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wash El E2 M

pre post flow

.- Al

B + — ~ 6S4-1 tail protein-1 & & &) & 3. &1L

0S4-1 tail protein-1 Z FEA K N% 54.75 kDa ° IPTG THBEH A N2EE YT %3 (post-
induction & > MAFTEAAZ ) © Bk G AKEN > SAEF AN K 6 EF R T (flowthrough
R RETBAARR) o ARMbE G SIRAREEERINIR o B8P Rezzk Al AgE (E1~E2) %
R ZEG -

M : SDS protein ladder ~ pre * pre-induction * post * post-induction ~ flow * flowthrough °

46 d0i+10.6342/NTU202401877



(A)

pre post flow wash M El E2
- — i
- -5
| —— - — 60 -
& 1 1
- . -

(B)

[y
E

y =44.851x + 0.653
R?=0.9937

[y
N

=
o

00

()]

4

BSA concentration (ug/mL)

2

0
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000
Absorbance (0.D.5g5)

& + = ~ 6S4-1 minor tail protein & & & & F # b1t

(A) 8S4-1 minor tail protein Z FA#A K/ % 71.82kDa > & R B~ — 31 60kDa 2 & G FH 4% &
B Bk G AREM TR B£8R 6 L& R F (flowthrough & » WA 2 & 47 S84R = )
2L elution buffer i 3214 > %% G T HIBEA &AL 0 2 A FSFE RN ek (E1 1 B2 & >
4L AT IR ) o

(B) ¥ 0S4-1 minor tail protein F7{E M 8942 E dh 42 o b A O.D.sos T Ffif &% IR R
A 0 4 b B B ¥R 69 & G R E (ng/mL ) & & 7 0 7K %& 1 pg/mL~2 pg/mL~3 pg/mL~
4 pg/mL ~ 6 pg/mL ~ 8 pg/mL ~ 12 pg/mL 2 4 > 3+ E B ey F 21484 0.9937 -

M : SDS protein ladder ~ pre : pre-induction * post * post-induction * flow * flowthrough °
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N

Eluted
protein

pET-28c | Phage
El S4-1

B + = ~ 6S4-1 minor tail protein & 78 E #& 37 $& B A3

B ¢S4-1 minor tail protein & & H, ~ MLIRER IR GRBE 30 (& T EH HKE Akt
TR AR RIRZGNIPRAEN - AT AL BRAR - B &40 &R EEILT BRAT
& # 2 elution buffer i #27& (pET-28cE1) E A&t ¥ 8B4 > 15 A 4 0S4-1 LR AR IE R A
Prth ¥R - BRI 5 Ul REERER G F A 30 AR SR AN HR AR HH
T RRBELAFABLIARELTER (Rt) » AL AR ENTEE -

Eluted protein : @S4-1 minor tail protein sample
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Killing assay on SA055

91%

100- 81.2%

90- o T 3 S4-1 only
< 80- E 039 S4-1 + mTP (10 ug / mL)
- Zg- 57.9% | BE3 S4-1+ mTP (25 ug/ mL)
® gl I'T‘I = EZE3 S4-1+ mTP (50 ug / mL)
% 207
> =
> 157 =
a 10- :E: 5.7% 4.8% 4.8%

5 :E: 1.6% T T

0 : " |I| }I-ﬁﬁﬁl

\8 \&
3 3

B+ ~ 4 A 0S4-1 $L 0S4-1 minor tail protein $H4T#% & X5

2L 10 pg/mL ~ 25 pg/mL & 50 pg/mL =458 & 49 @S4-1 minor tail protein $1 7% i 2% 0S4-1 &4
#AT MOI = 1x10° ~ MOI = 1x10* /Ry &l & T &9 4% B XA ° F B 4R4F MOL A8 ] > 12 R A " i 2
0S4-1 89485 #4 A H B - Scale bar LB T H A @A FEEZTHME (%) - miE MOI %34T
ZRBEIRE BRAMEA_EAR -
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