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Abstract

The Researches of Staphylococcus aureus Phage GH15 and

Three-Dimensional Structure, Mechanism of its Lysin

Staphylococcus aureus (S. aureus) is an important zoonotic pathogen that can cause a variety
of local and systemic infections. Treatment of these infections has become ever more difficult due
to the emergence of multidrug-resistant strains, especially methicillin-resistant S. aureus (MRSA).
Lytic bacteriophages are viruses that infect bacteria, hijack their machinery, replicate
intracellularly and are finally released by host cell lysis. The phage lysin is synthesized at the end
of the phage lytic life cycle to lyse the host cell. Phage and lysin are highly efficient in lysing
bacteria. Thus, they might be an alternative treatment strategy for infections caused by
antibiotic-resistant strains.

In this study, the staphylococci phage and its lysin were studied. First, a lot of MRSA strains
have been isolated from clinical and were used as host bacteria to isolate and screen lytic phages.
Finally, one phage, named GH15, was obtained and it showed broad-spectrum and high-efficient
lytic activity to S. aureus. The genome of phage GH15 has been sequenced. It indicated that the
phage GH15 genome is a 139.8 Kb contiguous sequence of linear, double-stranded DNA, with an
overall G+C content of 30.23%, and encodes a predicted 214 ORFs. Analysis revealed that GH15
is closely related to G1, ISP, ASW, Sb-1, and K. Interestingly, all the introns present in the
homologous phages listed above are absent in GH15. A comparison of the intron-related genes
demonstrated a clear distinction in the location of the insertion site between intron-containing and
intron-free alleles. The introns which existed in the lysin gene and polymerase gene of most class
IIT phages do not share homology with any gene in other phages or bacterial genomes. The unique
nature of these introns may support the speculation that these introns originated in the phages and
there were intron-loss events in GH15. By SDS-PAGE and mass spectrometry, ten structural
proteins were identified and most of them are capside- or tail-related proteins.

LysGH15, the lysin of GH15, was identified in the genome by sequence analysis and was
expressed by using E. coli. LysGH15 displayed broad spectrum and high-efficient lytic activity to

S. aureus. The optional temperation and pH of LysGH15 are 37°C and 7.0 respectively. The
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bacteremia mouse model was used to detect the bactericidal activity of LysGH15. It indicated that
a single intraperitoneal injection of LysGH15 (50 pg) administered 1 h after MRSA injections at
double minimum lethal dose, was sufficient to protect mice. Administration of LysGHIS5
significantly reduced the number of bacteria in spleen and blood compared with those in untreated
mice. At the same time, LysGH15 redueced the levels of IL-6, IL-4, and IFN-y mRNA in spleen
cells.

In order to reveal the mechanism of LysGH15, the three-dimensional structure of LysGH15
would be resolved. However, SAXS and secondary structure prediction of LysGH15 indicated that
three spherical domains are linked by two long linkers and the LysGH15 shows high flexible. So
the protein crystal of LysGH15 could not be obtained. Since, the structures of three domains of
LysGH15 (CHAP, amidase-2 and SH3b) were resolved respectively. High-quality crystals of
single CHAP domain and amidase-2 domain were obtained by screening and optimization of
crystallization conditions. The structures of single CHAP domain and amidase-2 domain were
resolved by using Se-SAD and I-SAD respectively. Structure-guided mutagenesis, I[CP-AES, ITC,
CD, thermal shift, and lytic activity of the CHAP domain indicated that: residues D45, D47, Y49,
H51, and D56 coordinate a central Ca”*" ion and the side chains of D45, D47, and D56 play
essential role in binding the calcium; the CD spectroscopy showed that the presence/absence of
Ca®* does not affect the secondary structures of the LysGH15 CHAP domain, the
fluorescence-based thermal shift assays indicated that Ca®* has a slight contribution to the protein
thermostability, the ITC demonstrated that the equilibrium dissociation constant of the LysGH15
CHAP domain for Ca’" is approximately 27 uM; the calcium ion plays an important role as a
switch that modulates the CHAP domain between the active and inactive states;
C54-H117-E134-N136 is the activity site, the —SH of C54 plays important role in attacking
function. The structure of amidase-2 indicated that there is a zinc ion coordinated by H214, H324
and C332. Structure-guided mutagenesis of the amidase-2 domain revealed that both the zinc ion
and E282 are required in catalysis and enable us to propose a catalytic mechanism. Due to that the
crystal of SH3b could not be obtained, the structure of SH3b domain was resolved by using NMR.
The NMR titration identified the interface and key residues of SH3b domain interacted with
peptide “AGGGGG”.

Additionally, the C54S mutation or D45A/D47A/D56A in LysGH15 induced the lytic activity

loss of LysGH15 which indicated that the CHAP domain plays an important role in the activity of
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LysGH15. However, the E282A mutation or mutation of the zinc-binding residues (H214A,
H324A, or C332A) does not affect the lytic activity of full-length LysGH15. The bactericidal
activity of LysGH15 was reduced when the key residues (identified by NMR titration) in SH3b
domain were mutated to alanine. Thus, both the binding activity of the SH3b domain and the

catalytic activity of the CHAP contribute to the high-efficient lytic activity of LysGH15.
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three-dimensional structure
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s BEBAEYIUE NG W A B AR UL A A PR . XA IR AR A2
CRRTERA . —BUET, R FIRATE 15-60 7380, BEME ™/ 100-200 14K
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EVEFE R R0, R AT DL S AR B 3RS DR BRI R R EIE ] o TR
SEPERSRIA L AE T, WA Z00H I 0751 A AR 5 b I e PR R A A MR T A o O T A X
— AR, TG )R W VA A B oy A R R O R B AR . Si4h, SR LK 2
Tl T A LK JRE VP 1 T QR A P 3K 22 4 1 T DU O 00 R A e It vy ik
FEELAE 5 LI 2 1)L 55 it 11 (1)t T AR A B P, B i A o DR T AT T, 4R
i PR AR I PG PR AT A P o AN ] (RO TR A T LARE S PE PR B R AN T PR A0 B 52 4k, 24 o —
AN T 52 AR A SRAR N, A T L 52 A I R PR AR A, Rl TR W T A U3 e BT



A AR SR RAR, AR DU AR, EOIRRE R LR, IR, IRk
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3 0 A 16 PRI TR AP T AR HE T R AT REUE (AR LA Y] CRIZUPENR B A . AN
FE G iR 3 DR M JAR O (R DA o 0 Ik oy AR SRR P A i o 300 SRR R RS 2 1
244, IR TS AR R AARIURE o A LG, LTI B A T Bl o e e v R R 1 3 AR T T
G AT R HERE DNA H&E 01 1w AR IR st SOk b, AR DL A g 44 1K) 18 2 Ak B 4R 1
17 22y JE AN, HARR B RIBCA AT LUHDRTE A\ R A i J Y] A3 JsUIRAS (1 4R
AT AN 2 B W BT P K, R T T LAt R DX R K T P g 7 A o) SR B i v
P RL AL, e e AR 5 D87, o mr DU 20 AR A5 75 DR JF 180 53 41 K 240 1 A
o RN R AT SL XUV RR R (AT BT IR AL VRS DR, G Andm i (8] s PP HU RS 15 2k
e e Py AT A 2R 0 0 € o

HF 2 WA S AT VA R AT T LUK AR B A E AT 2 Wi SRty sl SR ) U,
TR LI TR A RENS 0 T AT AR T+ AR DRSS R T2 R A0 BT DT 8 5 X 2 A A M ) B g AT Y
I e A ST AR EL d S
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W TR A — FBORE AIRBE B R St P RAS, ol a8 L TRIK . Vo KIS . W LUK —Fif
B PN RAR RIS I\ B — 3 B3 2 0 FF Sl IR Al b SR R R 9%, XFE R sk, B B
(R0 Ao a0 SR . PR R RSP it v A U 200 RT3 2 A0 Pk T A 28 DR T A T A
KEo AR NG BB EAT 25 ORI 8 LA R 25 RURL MG Ay, B4 380 T AR A TR (o i 20
BB o SRR LRI IR B AR AT PR S, AT IRTS S — (W R A (2l DR . W EE A
(RHG5E, ) DL AR el [ A IR AT, W R AR R0k, 5 S G e /K o 3 7 ik
PR R ok (BGAEAP IR0 . B, Al P P I B o 2 AN AN e e o B I 2R AR, I
HOE A A BRI RO (EE 2 AT R R B A T VR S S5 1 SCRR A B A T A
BER MG EIAEFH R IE o A5G AP it 22 4 Rk RS SRR TR A4 il 7 £k — 25 1 n I
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(K935, AT LA T B A Bl e i v (kbR 2 N B R (RN 1, 54k,
AT VLA, an-E BT Bess, X WR AR BE T I A alifl, %057 ok R L A
(Patent Application 2010/0227376)..
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TVEEZERER, AR U R B, A7 AR CRFR A2 E
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Sl LU 4 0 AR AL

Wk PR AT 73 T DA% I BT YR R AR (10 22 /D 38 LI B (AT Y AN (SUASE P — P
11 22 Wt BT AT V2 2 R A T IR S A, i 38 B39 Ccocktail) I ¥R, BRI A
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(R — AN, B A FR R AT LA 20 Fh A e S LA SR P o RN SRR, W B A
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FTLARE )\ BRI B AR, #67 T- IR 2B IO 43, TR, REa LA TR A IR A5 B F T L2
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VAR I RS 2 T bl A W R FE 25 VA 5 4 B 1 N R SR B AR R
R D TR B ST Ji PO BT A XS R o (ELZE T R 2 0 Wt T 1 3 T A LA T R4 L
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VLT LA BRI H o AV ARy S R S R 2 T, Wt T A 2 TR A SR A b 2 R IR A P
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80%, My D T K BANIRE R . PRI T KRS B AR A 48h TR EN T
WIS R (AR A 5] 40%), (HZ 5 P4l I, SUASI T 10° CFU/MmL: il
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fbo IR RIS, TS 27 SR B D) SE AT K o W B A R VE S A I U E AN &2
T HAE T B IR N, BOATEC B s E, HE N pH 2N kL. xhT
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BOR, T AE T R 1R 5 R REAR S (0, JULPRAE SR 38 7 28 SR A T8 % . Huff>Y
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ZRRVEB A, 0149 jE S FIRAT K% ETEC Wbk, 4 8 B0 R & GI-GI7 Hphelis i
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50y 18 W 2 BRAIG T AP IS BRI, ks TR ETEC 15 &, BRAC T ARTE T REIKF.
G4, BB FT LA 24 LR Wk T AT N I pH PR S5G

L35, Smith F1 Huggins % P4 MW & 44078 &4 H % il ETEC B Pk P433(020:K101:987P+)
T L (0 A AT S R A T I R TR A P433/1, AT | K101 HURL 3214,
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A PN S JRERBE PR A1 B AL [RD A BRI 07 7 A 0] A LM IR T R 10 22 BB T T AR 38 1
ELCETIN sy I U Tt 2t e et A 2t e DL vk o S B 16 71K e I KGR ER 1 S B N
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0 DAY 9 1S53 1 S B MR S 41 SR A A 3 RO s SRR A A 2 5 i
IR T A TR R ZRAR AT X R I — R

HRT A 1k, BB AN A P2 A A R R LML e . o, X . il
JRUER TR AMVES F 24 AT 1 I IV g /N U0 AR B PO SRR It AN 2 7 A0 SR b R DL T P 1Y)
RAZWIRR o AESEIG A, 9 IR TR (AR AAE R AT <o 00 T BT o BB, RS AR 8 BRI G Atk
PRI TR P R EL TR 5 PRV RO AR, W FE R ERAT 40 AMEFA, RIMEAIRL, 59R %
FHER RN, 55— TR F R, ARl MRSA. TR P58 55 T3 380k J3E B 8 1 - 2
fifl ClyS s sILE R, 4R 8 d /™A T AR 5=IL S BT RASH IR,
A7 J2 I SR AT Pk (K S AR RN RV ER B RIIR L 25 AT B8 1] LAY W R IR I %2
BRI, i < T TR AVBE B TR ] AT RSE B AP ) R e, (H S S A B FELRS At g h % 3L
RO 12,

S IR BT G AR S N0y, (R JRAT LA 200 A L850 T 40 0 7 A B 0T v A
PSR — SRR SR K PR RO o AT SRAE PRGN 1 T DA S 40 B Fr) — B s i 7 A 6 N T
WETE, LIk RBE I O- LR AT N-25 LAk LK B RERR () D-A &UEA6 1 120 ALy
AT IR A N A L O RIE T 2 HE LR, SRR T A H R
M AW I T T B LIl D BT | A H R IE S B — AL e kP,
AN T H AR L 7 R I KR AT, I ELA A A 2 0 v R Wi I 2 o AR A o
B SR ER U LA R X B R 08 7 O PRI 5 A B 1 s A A
ol T VA S NP &2k S U W U= 2 N VAR R ST S S U 23 e 0 P o SRS U S T & SR 1B U
AL X 658 AT A SR AR 7 R P08 s M BT PRI 00 6 A A Wt T (A A
WX 2 BRI AR Dy SR AT 22 503X A [ g (A T PR 25 2

2.5 RFEEKF AT

HHFOUT S SR FOR RS BRI R i AR BA R, Bk A T 8ERR
VAT A 1 22 L 7S KB R AT, T e 1 T R A e L A K T
US4 AR L LR DR BAT AR U, 4G 1T i 2 LAY S S IR . S PR BRAILE, ki 1
SR E (K9 S0 TN L I IE W AN 2 7 2R R o SR A1 RS0 AT TR AT
A U R RIS 2 V2 S PR PR, e ROEDZF AR BRI PE 2 AR B 120 e R
ZEAAFT, PR R O, SRR AR R R T S A AR Y e
(070 2 BR B R BRI A R Y LB ER L i A R UL LRk ek )
5, HWRBLIMAR SRR KGR . b — AN RAT B R PRI R A ik 5 e ClyS, &

25



HASRYR I, 035 MRSA Fil VRSA P4,

JUEBRA LI S UESE, ARE T, ClyS Wi —AN AT LR S 1 7K A 60 B H 2
TRACHRM B A IR . ClyS A5 — DR E T Twort WEEE A2 AR CHAP FEMEIE, 205 115

TEFP AT ) 454 5 LysK 1 phill W e A4 2 A i A AP . LysK AW 44 phill %4
AR (K] CHAP S Mol J2 7 28 < 7 1 DU IR B A A E 2 B A8 I 2 T ) A 2 e 1 ¥
P00, TR ARAT AN 1) ARl i) LA SR B R AR O (K B, Bt ok 1 M ok v G 4 44 1) 84 e il
PlyV12, ALK GEREE, (R AT DR KALHE TC PR B R e e ek ),

FHIFFN 55t 8 LA 5 e 2R 70 % P 2Rl 1) 45 A R PR EAT T 90 Loessner 5 N5
WH S i 5 LA AN R 1S5 B AR 45 & 1T LK B Ka=3~6x10%, X 5k s 6 )R
AT, FRWNZRUR R — e IR BB, AR ME NG5G B AR TR AR AT AU A 25 R ko X et
241 AT A0 LR L s v £ S R A A T AR BRI 25 H I BT o A T LA 2
AL TS BOW ARG T I A v, R T LA N T4 S R ARG IR TR T . VFE TR
H 2R I AN 5545 e B K AR JEC 00 T 36 T B ) SR AR BT o L 40 5 7005 ) PLyC ] LALE JL 43
AL 107 (AR PEREER 4 BB 6 A log B0 SABLIRIEAT O T 24 W A IFL 2 FO AT
P2 SRR A R R T e R T LB ER T AR, B T A R LA (i
VEEVETE), TEAEYIEAR T, AR B I AR AR AT LA SR DO

2.6 HfFEENH K% 2t

M ATT T RE W BT RPE E FF) vt s S 2 e T i RO o JUSUAE S bl 2 R 7
I 5T, X SRR T LAAEANSE M 1 H RO (RT3 1 % KR 52 [ Sl i, XA e 1 1%
GERIPT A F AN B3 16 250 AH EER L AR IR DB o AND A SRk s N AR o sh ik AT 4
SRR, R DR A0 R R 5 A S AR R (R ORGSR IR
RIS, 1 2 F 4 AR VT il 5 A2 i 75 P A 5 ) 22 9% 'y 0 il 3o 3 5 7 o L A e i T4
Entenza %5 A\ [RIRF50 4 BN BURFSE 0 0 RS Cpl-1 AT LAS I 2 4 Ja PR ik 2421,
st Witzenrath S SCIF S ORI ORI, HHLEABEAT BT IZh4, RFRIRG 12 h W — R
g Cpl-1 J LU 24 ) A S A A0 M AT Fro a3 U)o WG UATE 0 5 4 R 2 S i o LA AR
N FRRE N T v 71U () Cpl-1 FT LI s 40 1 20 e 7 (R KRR, AT e A AR fE 8 1
U A, TR E TR R, TR R, SR HoT o A e

2.7 ZRF B N FH ¥ FE

A 7RI — MRV AE SN ST I R b AT R 22 7 AR R AN BUAK , 3K 22 BHAG A iy
FRSAE ] o HUERAE LA HA GG RN, T B AR AR Al i 2 5T, kAT
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R RS Ym0 2 B IR AT DA DEE LA A AR S B SO, 7P 2R PR . IXBEHTARAR AT g 3 R
RS PER A o A IR R S R S JRELAT BT B (O R 25 BRTRT o il 8 R ER B AN AL IR ok
T FA) SRR A ) S e SR L7 T4 LE SRS SR I _ SR IR e AERE TS, #8225 0)
S AP A, R AE VRSN S K BB AN 2 BELAG AR I 1 0% 109 12 138 15
ML, LR A P S R ) R R I IR R (KR, Jado A AU AZE N Cpl-1 H Pal i3
Jr R, AT LR AR B AR BT R I, (ELRE 1 PR A P I AN 2 i/ B T
ey, WA RO N AR A A B LIS T AN [ 2P e 503 i T (R T R RE R
M AT LA R AL 7= A st 2 e ey e PR, I S At PR A T BN S 255 R 3h 7= A ) S
Il BB, S LA 22 BELRG SR P () S 10 17 d e g U RT 8 2y T4l
KA LBE () SR ) KT 1gG -5 AR 10 53 R g % 1990, S g % X 40 4 1k 5 e - A il
SR A G e S s M AR, AT TR T3 W1 A S5 P LU AL A7
RV, HRBT AR SUAA R R RGUAR, RREET AE RN R, JF AR A
RS B KRBT o

AWFFURYIZ Cpl-1 BEah i 5 4 S AN, FEE3EIZ0 00 20 min, HILE—LEE AN
RO, DRIk, G SR ARG I R A A SR A A B L 0 1 A B PRI, TR AL
2, SO IR Ak, thnT DR o SR T A, TR B K 2,
CAA MR FERAT T 2238 AT C 2R W AW 0 T 105 & R ol LRI LA 5
Gt P RU Y U, S TR W D RS S BR 4 AL Cpl-1 (IR
PER R T, FWTIX Ry 12 v A ANIE A ik SR AL 2R . ML R, I C Stk
S MRIRIL T L) — 2R AL Cpl-1 AN 5 1 i xeH s 58 XUEK BT e S R A K, (R A af
PRI R A N T 10 %, IXMORIRI IR C2e N T B LASE R AR 2N 1, o)
Gl S /P HL B A B 4 ) P e i L LA 1 O,

2.8 A SHAERNHFEER

PV O R ISR, PRI 0 ) AT I, AT DA RAARG SR A P I 550 8 8
ST AIZOCR, RN AT DS A AN TR R A A i A R B AR T e 2R A o P R4 AT L
EAN PR V(AR PR I - T 0 R o AR gt I 5 L E DU B R0 2 TR0 A AE o mT AR T AR
SR AN IS 79 A 228t il T L[] I = 242 ) o AR AS [ B RRER ISR, A i o8 Ik SR B e
AT R o S AMB AT e P A R R B AR, W] DAAESE AR S
BT KR, AN AR AR e e el >% 1250 i 58 BR B T A4 Cpl-1 15 Pal
ST T A SR I 2 1) LA B [V FE ey e )10, 5 S G AT R A LysK 5
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VR BR AT 2 ) A7 I 0. B AM 81 A 3 Ak S P 26 S AR AR VA T 81 11
£ Cpl-1 Fl Pal Y5 By lril 412 FH A 38 P 3810 77 40 Py S 6, R0 26 R AT 28 3 1 /0 B BT A 2300,
e R T < T T W T A 2L B T 1R 5 K WS A2-E-Lyso-SH3b #1 ASA2-E-LysK-SH3b!" ' 5 14
BRI 77 A4 SRS B KA p 5 R B B ) £ P, Cpl-1 4575 8 32 DK 85 26 [ A
FRBE A I By il FET U2 i e R A MIV-L 5 B IR A 38 [ I A PR,
J7 1 8 R R 2 0 SR B R DL T R R AT S b, TR B0 P i £ R 4 A
W AL ClyS 5 2R MEVEAK [l R I, T AT 200677 MRSA 5 [ /s Ui A Y
U410 AT PR A MY LysHIS 5 LR BR o1 22 L [ P R I D 4, T DA 2 A
R ST IR, B34 LysHS 5 430 VR A 2400 85 HydHS 53R 0 B [ 18 A0,

2.9 RFHEEHINH

2.9.1 FEEFZITHEKINA

H KR I T W T AR RAA E P R OIS, IX R AL R A T 6T AN RIS P A v 1 R 4%
MBI IRTT 250 o E U A 20 BB 0 2 2 10 A 0 T 20 R 24 12 ) U, P N SR A T IR £
FUBAE IR LL R L, JF TF AR BEA TR O Bl 11 D A% G 2400 (10 il B oty 3 At ) B2 25 g
5.

BERRH B2

FEARIFIU SR 2 (10 2 ) FH 200 Bl i B R T (R S e o A 2 — A 20 12D 60 AR IR0
"z, Fischetti A3 AT LA 73 29 R4 RO SRR 3% K C BB BR AT o 2RI 2t Ml Ay 4
PRI, RN M RE R R R R A BRI, AT LUK A PR DR SRR 1 22 SR B A
BRI, AT~ R PR A BUR M 3 TR T T PR TBCR SRR o AR X R EAT T 404K, &
PUIZHG AT DAL B A0 M RE AT L, I (EAn sk i . PR, I AT Y,
= AELUS, Fischetti HUBT T A6 At 19 301 R] A A, R 2100 PR 2P BV T /) B FH 2 P POA e
Ko LSRN 2h 5, AEseamk T IS, Fischetti ST T 4T XU G2 3k
B« MRSA FHZRIFLAT B P AR 22 Mg Jit B Ok R AR 28t iig . 224> S 1k, Flischetti 22 76/ B
FEEARY b5 AR ) AR AT T o AN T2 294 v 1Y) ContraFect A ), &bkl ™
T Fischetti [f] 9 ANEEAE, I HESE 1 4th S i v SR8 RS2 AR SEN A W Rb i), 4
4F Fischetti 7 22T Ji& 1 Bl I A 5L 56

2001 #F, Nelson' “HRi& T FI SRR A VE A ZLAREY PlyC TR RIAIT 4 A BURERKIA 51
AR /N B L PR T SR R IE T o S A P 12 2 Bl P T LA/ SRR R RN T0%FE 2] 30%.
/) BUBGSHEER TR NS ] 500 U (1) PlyC 3t nJ BAZE 2 h AT S PR RIS K RLR o B
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XA BN SEIAT T — R AU {FH Pal ZYEEEIS 5 bt 56 A3 bR T A 50 A8 1
Jils R BEER AT, HLBA O I AR AT AT St LUK AT PLyGBS A 9 i A e 2 A
[f) B BUBEERA IR A 1 T W 10 B0 fbATY A B Al AN B o ] DB - 40 14 1
Ko, [N AT DA IR 7 4 B 0 R o« 2 SRR IS Il R BEER T I, 1 h )
AR 2 mg % ¥ Cpl-1 ZPERE AL 0 A PR T 25 B 4.7 log CFU/mL R BRI AN 2
(7K, AN R IAFESRIA B 100%, 19677 A% REALIOAE G 34U 20% ). Cpl-1 Fl Pal
HRET LA R B BR AT 5 1A (1 /5 UPRT I, 214 8 SO ASE P IR A 280V 97 ) 200 pg, T
A N I RERR BRI TG 2.5 pg, XU HEHAEKNRILE T O RN, U a Ay
KT Cpl-1 (MRS JEL i NS BT il 98 BEBR A 5 DR IR /N BLC IR 28, mT DL 251 B
ARSI MUAL R P 40 B 2 042 N Cpl-1 RERS A AL TSI TR S 2k S P 485 i
DA S M Y S Cpl-1 REMS AT 2% (07 B ER AT 5 2 (1 i 26 155 R Cpl-1 RENS I 2D 14
VAT R BEER T S I P BB T, 1 SR S B RR A, A 24 h R R
T P 98 I REAT IR T T e T A e v LA B Rl 2% 1) /D BT B 100% M PRAP %, 1
7 P BT S P PRI AT SR AN 86% o I M 4l L HS2 W il AT 136 7 v A s N [ e o oy JoK
YAt

BT B RIBT 2

Wi T AR R R R R ST AN, PlyG AR EAE /IS SRR rp ot 4 K 25 ik 91 1 ¢
AT B BRI W (R VA P o RIS RIEAT I, X JEALAE I G2 s A T AL B, 4528 2
h 5/ HEL T SET, AR PlyG 97 ALR/N RAF T RIEE] 70~80% 0. S —AN s
FEBZLAR NG PlyPH, 70 pH 4~10.5 (70 FE A S D0 EEAR A PRSI BRTIG 1 0T JI IS V6 0 IR T
(RIAAE/N LI R 58 ) LUIA B 40%!17,

SHEMBIE

PRI 220 5 I, AT VR 22 00 TR FH A g 1 T B IR I . 2007 4R — iR
TEA U R A OMR1T 2R Al MV-L A U5 R T/ BRI LK) MRSA TR bk 241%
LB 7y I AE S MRSA JG 1) 0+ 30+ 60 min B I R, /N BRI ER 4P 2255 510 100%,
100%1 60%" ), 5341, ik A IR ClyS [FIAE AT LS 25 ol b /) B i S e MRSA (114
B, A DALGSEDT B A R R R R 1) MRSA, R s 5 2 M PR T
T AT R AR B LIRS 1/ U BT [RIRE 25 0R 7 R IIE AT LysK!™, LysGH15
H1 P-27/HPM®,

[R]If, 7EENRENY) GangaGen P27 23 vl 475 T FRAH OG5 1) At AT TH AR £ Wi 1 4 24 fik g 5
AT R BUE R . 2 AR SR T AMEIRE N P128, &R R K& R 4
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BRTA,  JCAP oy B T AR IR SR I BT (#5952, GangaGen F! ContraFect
(R 117 5 8 o S AN S RIS AAT T (1 SR 535 Wk T (AR (R R ME - Fischetti A 7 X 28 5
TR R VR IR 21 E AN AN R B T IR
2.9.2 HFREFER ShR ATy TH N

ST (VI ERT B 0, w0t T LA A7 (AR AR I 11 o BT 1 T 7R B8 i 1 22 ek
SRR T AR SR A S AR S L N B b O S AT IR, 34, T L E A
RILZURBGN LI AR, W FLRRFLERE . 2R G AR ) LU 45 A a0 o i A= K. P
WIS T Ealh BEVE (A1 28 Mg T LA T-105 R A AL I K i R BT, 7T LA SE 2 sl
25 S5 AT 5 LR ) B (K AL IR T 5 REAR T )

V20T 3% W Wk VA A28 A g e JH L W T A G (1% 70K f B 0 A G Jt 0 42 1
A 005 T B AT AR K P L PV 7 o SRR I T DA TR X 5 5 o e I e B e, AN R AR
IR A 2 ISR S £ i S N AP E A AE (A0 Obeso RIS HH Wi B 1224 gt il
LysHS A LLZE 4 h Pk 0 EGIH 23 905 Hh 110 4 38137 Bk 3G I AP AR UOY, 9 HLizespd it g5 7L
W TR T 2R R I U R FE U, o, EERE LR B30UY. Ply700"%), HEERTH 5 4
R TR IR 2 244 5 ASA2E-Lyso-SH3b Hil ASA2E-LysK-SH3b! % i 42 1 W 14 /& OCTP1 (1954
AV A 2 15 R L A e R AR R A . AR A R R A 2R R
BIR S/ Ply118. Ply511 A1l PlysP35 X w2 I0 AR SR 103 HT 1y, Tt
JBCE 30 min 3SR CREFRUMREIENE . IXBL IR W TR (R R Il T LU T — SRR e i b 2
g, 0 R R R ] U, Ply118. PlyS11 Al Ply500 764 5645 £ b b i) LAy $p 4%
PCAT BRI, A A7 7S R AT LK A% 2 FOAT R BRI 2.4 A log HA7 & i (Guenther 55 AT
BT, B MR KRR — el i vT DU T R R v 7%, el m] UK K s
I TR R T W T A R4 A2 0 () A 1 T R v A RS EG TR TR B A BT 0 53
0o 7R A 2R A P S VRS D5 R 110 SRS A A P T DA R TR e R e SR 43 WA R
T P LR Lo T A A I i
2.9.3 ZfE e RN U5 TH i N

N FH e S W B R SR (R 45 5 X (CBD) Ak 4l B R ) 7 A5 31 7 32 1
WF9T . Kretzer " 582 BRI HI CBD (gl O REZRA B« FARRIN T35 J 10 S A 44 4 2
P T R, H 3RIR B 90% LA Lo T 7 VA A B v AR 7 10 1 e A T e Fr) A i,
I HIK e A T LA T AR 2 AT BRI 7 A SR AR 1 A5 e 0 v (A D o AR A R %
VAT DL LR U SE R e B PCR IR SN, 4, K CBD 5 38thRi
marker (%1 GFP. CFP I dsRed) ffi&#ik, AR LR RILE SRetE, JF Bl DUR v )

#& PlysP35 7F 90°C
1
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RN 43 HARBERE . 7 HRIERE )\ AN [1] (2 DCAT 1 Wik oA A 4R i 1) CBDs (4339 v U 5
(¥ 25 AN R BY 1R 2% BT D AR 9 e bm il 8 AR SS &, glar 17 Al DU b S A A
TR X 43 A ] i 375 700 ) 2 B A BT 480 L CBD Sy it AR 7 A3 I FH 8 T R IR 1 A G
i, WHFUR IR PlyG 4 C i) T AN EUEERR I /MR B 45 G R IO REE, JF HAzgh
AR, ARSI SRS [ R AT A O 1990,
2.9.4 ZEEAE R NV J5 TH R

AR AL T LIS e B R AT AT 0L, AT B 42 R4 905 S 4 11 1 i s . Ditiring [41BA
¥ T4 ML N LG, XA b R B R B RE ) o B4R T AR IX P R
PRI E8 R, 0 BRI A RSN T R 0 R T, 28 BT R el T LA R ek 380 8 D 4 14
NI 13— 2D A R A o D — R BURR ARV, AN sk AT E FR B4, i R T e
WAE R T AR & S b7 A P IR & 1, 1207 ARG JF BT UK A= . Oey &
) OOV A B S AR A0 K R TR TR AR 24 Cpl-1 AT Pal LUK B B EBRTA I
AL PlyGBS AT T ik, ik nl LUk BIRA) 43 nl 8 1) 70% LA b, i sedk
CIRYE

LEBN IR PT LA FH WGE T A A DX P 7K A ke 0075 R 6 7 A0 T 3, AN T K K ARG
JE BT A 478 80 P K AU o 2 B FLIR S ) I AEAE T2 v (R, BB 56 [ 3 5 ikt i
20 126 EIBRN T MR, PuA BT IRI IR T RCRAR S, N AN AR 2 s, DRIk
V)T B AL U IR . SR S R WA FUIR S 5V (KO LB, BT LAV R A R
AR Ay 5 ANAH K A 0 05 2 FLRR R IR 9R 7 RN 45 v 43 30 T IR N IR TT - B SR WA v A 4
R A S 203K T LA R0 AR GEFLIR P IR A 1 S B, 6 /D BRUBERY N 24 rh #8304 TR
SIS 1 A, PR e i DR BT ORI U T T A B B AT RS HE FL
JIR T T B o ATF S W A 70T B A1 R 45 Wk PR A 24 il ASA2E-LysK-SH3b A
AT LAZEAAAI L SR 2= LR 5 1 /AN BURE R e Ay 2 R KA i, O LA Bl T2
IXLERFFL G A TT LA Y, SRR W5 A FLIR 98 03T SO W A TR AR A 38, PRI
IV DI DN

Hoopes!" I8 s 1 Wit B A4 1) 53— Fh S P, AT TVPAR 17 PLyC A4 4 31 75 7197 Bt
T o THI AN ¥ % L1 T BEER AT (¥ BB ) o 45 SR W AR XS 5 e B PR TR 1T PR i ) LA 4t
IV RE 5% 1000 1%
2.9.5 RFRLEIHE T HKINA

I T 2 P WG BT A K A i v

AN DR TR T 2 o MRS NIH (GE [ [ A7
PAEWRTTBE) MdRIE, AR A0 P g

KA B0% I 15 A= 5 M, [T A4y
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B 2 o i 2B PRI T S S EAR A T e T 1 R A B AT P 24 A AR
HEBEE B, (FL I Sl VF 22 91 5 #1381 1 A g T LA By B s A M o A DG TR R A
TR FE) 4o 480 T O B R e 110 PVRT SAP-2U R R T AT T K LB Cpl-1 I LytA
KA I FH T LRI A A 48 B R B 11 s B BR 11 R pseudopneumoniae % 1k 4 11 18 ) 25 e 77
LySMP HUE FH LA K 5470 A= 28 006458 FH 5 T LUBR SR A B Bk 1 A= i 7 PlyLML S5 81
METRC A5 Y P AR AR P A 18 24 2= T AT J3 ) B0 A 4 [ Simmons %5, 54 ARG o

3 AW TR AR Al T A 8 2 B 0 A A R R R BT T A R T A
S, AEBEHTAETUSO R W R AR 1 CBD (455X 78 FLIR FLEK 8 2 1T g /s S U R
M, REFEN: RIEAES KT EAM RS, 0T EAE AR,

2.10 B

& nsEd, RTPERE AR PRI IRAWT T RIE NI LR AR R AE D2« B dh
by A AR )TN IR A R o f1 B 2 M 2R 4 A0 T 4 AT R
1 2™ B AR B, T 5 A58 0 A SRR A P9 RO B Bl 2 0 5 P A A I A i 8
MBEEE A1 ER TR R AR N A Jmy B N P VA7 T3 TR A D03, T LAGE S sy BRI 4 5 W T T
HEFAT (0 AU, G 0o] 228t il A B sy A R AT ST i 5 RS PRk 28 A1 DAL RO RIS 1 R 1 e e
SN o ANIE, SIS K SRR — LU SRS TR TR, SRR BRATIAR i gt
A DAAE ) 4 B A 7k o AR BT A ORAL T o T (10— S0 P 0T Wk o (AR A e 1 Ay
BARASIGEEA TAE ] BAT GG ], AL, SEH il 2 A i J) L2 bl 12 FOAT Rk o 14
FE— LS il AR A INFRIDKAE AT, 3K s T LA K oK e I oy S8t i B i b N (R AR
R BRI R E R S AR SR AL S HE BN T7 o Rp R AE B AT, ANTR] (RIST B8 5 2 18] (4 B i) 20 FT LA
FHAT HURE L7 i B PR EOW 18, AR DT IAL 2 . JF Ho B dh A BN SR A
DR SH B A SR AP ARAT T REA D b ) — B B — AN IR RAL T o I AR 1Y) R e Jeg ] A
AT 200 P 565 SN PRGE . AAH ORI A BEA, F34b, RN BERIA R GEFIFE n] A
BRI AR AR I AR . AR 107 AWERA, FhtB 20k 10%F, HIkEie L
FAFAE — N ICANR T AN 1) B A AR L AL Sl P b A e, T mT A DA 3 B o R A 0 A 428
HsR A i TR,
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=R WRNE
F—F WHREAONKNSHEOHERE LR B EE

St % BRI (Staphyloccocus aureus) s N & AL 1 —Ph B 205 5B, 1w LG [
Jise U5 TV DI RBEAE  EBEAE  Filivh R A AR o 5 A A A s e R O T
JURFHTAZR AR YRR S Az AR AR LA TR 25 1 7 mec A 5 DR D BHZE FR) <8 3 €00 381 46 BR
PRI R A T FH A0 PG PR 1) 42 3 (0381 4 3K 1A (methicilin-resistant S. aureus, MRSA), 1% B I & R
S T AERI RSN 1961 408 [ 1 R IE MRSA JiT, % EAR4E L T E 1RkiE. H AT, MRSA
e A DR LRI BOW B, A R AOW R MSET R . R E, MRSA KR H AR BEERE &,
O T B N IEG . MRSA & — P a0 )y A 25 1 B s K 0 S B, 7 5 A B
Fo ] BRI b7 B0 DX R RRAT > 55 DEEATT R v 2 FAW I SR IS A A ) 4 it i 1
EE . MRSA JTEERET IR 7 417K TR, JEILE MRSA 5 RS B 5 A% 3 At [X
P R T 08 I U0 H R, 5 R AL VAIT MRSA AT BN, (R
H6 MRSA Wbk DRI T X7 8 R Ptk (vancomycin-resistant S. aureus, VRSA), 1X
SIR T B g2 T R, BRI AR RO A L R DA B R KX
BRI T 2 1 AT SRR A, W A S SRR Rl B R A 4
JEA — AN E G ) o ASTEFO AT A MRSA N ILRERRARIHEAT T 70 I AT .

HSEMNBE IR R T 20 0kE, 0 < (R 4 BRI AT 70 180 . 2UAR R 24 1k A 460
FCr MRSA BEFEI LG . BA2r 25 201 MRSA BRAE W Fa/R 1, 6 SRR s A EAT T
Iy BEHNZEAL, JENTE L 70 MRSA HAT) il BRI T A B A& GHI15 . AFEYie
X GHIS A AR VEREAT T, 1 AL O SRR 2 DNA, & T-H B
WK H LR AR

1.1 e
.11 EERH

¥R marker (Takara); SDS. Tris. Glycine (Amresco); Fifl§ (BD); Liflgkl# ( Li);
Peptone. Yeast Extract (Oxoid); Brian Heart Infusion (BHD); # ML 25848 A (Ue[E OXOID);
AR S CRT M R A 5 PR o =2 PG 870 s 8 B A% R B B 771 5 C Axygen ) ;s PEG-8000

(Sigma); —XPEjESs (Millipore, 0.22 pum pore size); CsCl. BEH5MR (Amresco); B4}
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HL 7~ B 5BE (JEOL JEM-1200EX 11 , Japan Electronics and Optics Laboratory, Tokyo, Japan);
DNase I. RNase A. Mung Bean Nuclease (Takara) .
1.1.2 EEEHKE
SH O AR B ORGS0 3 RAF); SO AR ATCC25923 .
ATCC26003. USA300, KHHF B ATCC25922 ([ ATCC); 430 2 ER# CVCC2261,
FEBRBT CVCC606, Y ITIRIE CVCC541 (W [ Ho [ e 24 i 42 ) s A e 28 fAF 1R EAT51,
Jili 4 v T AP 43816 (A ZEARTE).
1.1.3 5|9
mecAF: AAA CTA CGG TAA CAT TGA TCG CAA C
mecAR: CTT GTA CCC AAT TTT GAT CCATTT G
16SIRNAF: CGA AAG CCT GAC GGA GCA AC
16StRNAR: AAC CTT GCG GTC GTA CTC CC
1.1.4 FEEH
PCR 1X (Biometra T3000); fHi## /K& (_LifE—1H, DK-80); R HIKI (JbHis—,
DYY-6C); @iiifAES C1109B. AR IEIR 1102C, ERCUEIEREIR CRilEGEMD; B
Mg 280 CRAE, 1600); /NHE R EOHL picol7. PNEUYEIRELOHL pico22. & AALIR L
Ml Legend RT+ (Thermo); f#%5%; HIVKHL ICE2 (Scotsman); 373 Hiyk{¥ (BioRed, Minid);
7 N6 ETF Nanodrop-2000 (Thermo); -80°C VK4 (Thermo) 4.
1.1.5  B5nECH
PBS MK
137 mM NaCl, 2.7 mM KCI, 50 mM Na,HPO,, 10 mM KH,POy4, pH 1 7.4,
SM MK
100 mM NaCl, 8 mM MgSOy, 50 mM Tris-HC1, pH 1H 7.5.
Btk
(1) Ak LB 5575, Tryptone (10 g), Yeast Extract (5g), NaCl (10g), E&Z IL
Jii 120°C & Hs 257K B 20 min.
(2) [H4K& LB/BHI 773k ZEW{A LB/BHI JEat A Agar (15% M/V).
(3) [k LB/BHI £77%%: {E¥#A LB/BHI &4t ENA Agar (7% M/V).
1.1.6  FESREE
ToEHIL 75 AR OR 22 28— P B2 e A 3 R
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KRS

K KNG KEB RS Rz /Kadig /KB, 208 BEBeyg /KHEEBT . FE i 2 15
IKHER 145 Ak
1.2 ik
121 £RAFEERENIESLE

PR BRI B 52

B RAE KRR T/ i E B AR B R K T, FETC B & P R PO LR RV 1~
238, RIZHEANT BHI AR L, 37°C 1HEAT T 157 18~24h. I FH 4 22 R (430 Gond Kty
(R G P AT G ORI B 5, X 22 ER e € Ay B A o o £ 1 AT - P AR e sl L
A B RN HTEAY o X5 B A BREAT AR AL SON R RS I, TR A 1 5 70 29
FRIFIE o

S HIH 16SrRNA Fl mecA T Z5ZEH ] PCR % 5F

W F5 K R IR BERGEAT 47 8 16STRNA AT mecA 25 E A ) PCR %5 . PCR W 4%
fF: 95°C AT 10 min; 94°C 481k 45's, 51°C IRk 50's, 72°C ZEAH 1 min, 30 MEER; 72°C
SEH 10 min, fiz)5 4°C 147 . PCR W44 % : 10xPCR buffer 2.5 uL, dNTP (2.5 mM) 2 uL,
1Taq (1U/uL) 1 pL, 16SIRNA L5514 (25 uM) 1 uL, 16StIRNA FiF5 4 (25 uMD 1 L,
PSR 1 ul, ddH,0 16.5 pL. PCR 58 R R4 19 MUE AT SOl AL BB Lk, WL 4%
RN o

il e

I 16STRNA PCR %7€ by FHE IR K, Hefh Tk BHI 5954k 37°C Rl 9% 18~24
he HUEV 120 mL i T BHI AL, FGHERBEARIREINS), fr a7 o w2y
AR WG TIRAT BRI PR b %R, BRSNS, AR, 37°C HIEAR BB R
I 18 h Aidi o HlEhs - UM I A B AR, B AP IE, T 2k PP AR uE W2 1.1,
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& L1 MERWZA/MROIRFTER (RREFTNIRE)

Table 1.1 The critical range of resistance or sensitivity to antibiotic (clinical evaluation

criteria)
IRasS e E (mm)
DS (aLEA N 14~18
AR S 16~20
Skrantt 5 14~18
LT 21~21
JETEAA L 2 14~16
) 255 s frz 15~16
HEEG 14~14
A 17~19
Sk 14~23
S5 R 10~16
Skl 14~23
U7 3 19~22
BERT 11~13
VALY IN 17~21
AR 16~16
1.2.2 WEAKISBE. a5 a9 28
KAEVGKFE S, BL MRSA Bk (W3275) AfE 1w, S ZIPEWs b AR 3E T > B Fatifh,
FERF S A2 R A T I 5 o
Y5 7K R i R AL 2

FERFE MG K HEOR AL B R 48 2 sCRI57KFE S e R 2 220 Ai06] TR 1037 7K R i
HATHID L0, SR EBIERE T 4°C #E4T 10,000 x g .0 15 min, JH 0.22 pm L2 —X
PEIEZS 0 VSR T v, KRl OscT 4°C &

LS e R R

¥ W3275 RdKEA T BHL AR FRERE T, 37°C RRGHI IR 25U K, B
R BRIRY G 7K RE R I INAR BHI B350k, 4R2L 37°C BRI ARG AT TR
T 4°C #AT 10,000 x g &0 15 min, H 0.22 pm fLAE-— IR PEIE ST LS W Tl vg, 8
L BID Ay Wk AT AR KB o ) P 72 R 2 0 A T 38 9 7 A A W3275 IR B R
W3275 BHES AT ERAT T BHI BARREFRIE AR b, 00T 5 R M g AR 3 s Ak b, Bl
10 min, FRH4SEAE BB TRAENL, R P ARSI E T 37°C 1HRAR PR IR A IR WLEE
T AT AL S R B R T I W IR A B

W T R 2L

U RN 43 125 S (R R R EAT iAo I05e B A4 385 5 i BHLL W A4 B R R kAT
5 ELRRRE , KRB R BA B AW B A S W3275 BRI R N BHI 2f [l 4 % 372 9 o
(45°C~50°C) , FIMRA G BHI KR FREA L, B8 30 min, frhEll 5 HE T
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37°C AR I IRIE AL AERUZPAR L 10 pL 4G SLRIRCHAS (R0 B B33 T BHI 157 4E
H, T 4°C #E 6 h, ARG HEWE B RREIBIEA T A5 LURR RS, T XU PR . bR
H=RULE, BRPTEEBIEARM NS — IR B K2R AR 5 Tl (30%) R4S
PI5YJE HF-80°C A7 .

A KR e

BB E R (MOD W5E: KR S BUE KW W3275 3 BBIRE 13107
cfu/mL, 4R i 2 G 1 4/ 40 1 L4514 0.0001, 0.001. 0.01. 0.1+ 1. 10 F1 100 K5 & {4 55
W3275 BEATIRS), B3] BHI 59525, 78 37°C #iRiZ B 97 8 h, HHIRIAE 4°C #E47 10,000
x g B0 15 min, JH 0.22 pm FUARE— ML IE 0T L M EA T I DB AT SR T AR B, A
L2~ RV o Wit AT 2 98 L Y02 A 305 LN 5 , R A5 v 2 100 Wk 7 /40 187 L 491 B Jge £ MO

— AR M I < B R 7R 2 E A K 1 W3275 1505 1 1 T e MO ¥ EL A1V S
£ 4°C J{UE 15 min, #RJ5 4°C #E47 10,000 x g 5.0 15 min, F#rEE BHI A S FE 3K D0
B, HEIRET 37°C PG E TR, BERE S min HU— UORE SO e W B AR TR R, ATz I
Wit B AT G, W3275 [ — b A K 2k

B T BN

K 2L FIWE AR 20% (w/iv) [ PEG-8000~ 2.5 M NaCl i W Ej 4418 it 75 i f ik
PRARBEA T, 10,000 x g B5.0 15 min 5 5545 135, HZD3E SM Q2 if0Rs bk B AR iie =k,
15 BIWG TR VR A AR A CsCL R FERG S B O i S T4 1 DTS IR Y (L PTA,
2% wiv), JBCE T IEH B B D T AR A 80 kV 44 F NHHMTIES, JHHIRE Y.

ALY R R

P FH 9 5 DR 20 /) B 3 R 20 0 PR Wk AT A TR A VA T DR ZH S, 45 P i TR
YL 4533847 . 4399 ] DNase I(20 U/ug), RNase A (5 U/ug) Al Mung Bean Nuclease (20 U/ug)
BRI WG B A RE DAL 37°C AR B BEAT AL, KT A0 = e AT B Wi s A % P VKA
s
13 R
131 SREFERENIESLEE

PR IR B ARRE & 5P E

A I ] AP B R e 0 77 0] o3 18 B I BT RREAT T 24k (I 101D 0 653 29 30 1) 7T BE B A EA T
THE Y BB RN SR, WP HE T T BRI AT 27 MR
BRI . KON B BN A (O BRI B AR S5 H I (30%) BHTIRSS, {RAFT-80°C %, U
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SREAT TR FAREE CRRAPSRDN ARG HD) -

1Ll EEBEEEKEN S BS54
Fig 1.1 The isolation and purification of S. aureus

SEEHHARE 16SrRNA Fl mecA i Z5EH K PCR % &

S 4 5 1) 4 5 0 RI ZERIRTEAT 16STRNA ) PCR %52 (& 1.2), /B EII0 27 #hé:
R4 TRV BRI G T 528 bp IR SRR H 4R, #B LA 16SIRNA (¥ PCR [k,
UESEIX SR 6 (VB A 3K R . D34h, XTIXSEEERRIEAT T mecA JEDAIY) PCR %5&, £
1 24 BRA B RIATER I AT LLY 1 H 313 bp (A S0 H 461, RWIZ LSS mecA JE

Al A mecA i 24 3 R R BH 4 1) MRSA .

(16sRINA) 528 hp

(mecA) 313 bp

12 &£EBEEIRE 16SRNA 1 mecA EFAY PCR £F
Fig 1.2 The PCR identification of the staphylococci 16STRNA and mecA genes
R
S S O B CO R AT ER BRI PR A T 20 BB (&1 1.3, R 24 MRond S qli TR A
Pk (WK 1.2), 5 mecA [J PCR AIIAE R 5, FRUIX LRy RAPITE MRSA. 55 4h
IRIITAT PR < BT 2390 5 25 1 R oy i 2R U, EL K 22 30 AT X R 2 e 0 52 5 W
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EHEEE e T -~ - - S~ RO -
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HrEER NNNNNANNNNANEANANANNANE - NANANANANKANNN

KK e N N N N R R
431
_un\_
# = E - NNNNEEELELNEELL LA AL AL NI - N NN KX
fr & #k O e N N - N~ N - N~ ~

s
it
A
I
w
B

Mol Y

B 1.3 #8
Fig 1.3 Antimicrobial susceptibility test

& 12 EHEHEKENEROTAETM

Table 1.2 The evaluation of the S. aureus antibiotic-resistance

HKBHE- e N R R R R W=
KBER e N R - N R -
Aol oS e N - - W - -~
KBEE e N - - - R R R W4
AR EXE +++++++F+ A+ A+
£ cox Poovoao—~x o e -
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1.3.2 WEERMAE., ARy s

WEHL W3275 4R R wbE, X ZAVEREBARBEAT T or B Raliql, IR L) e
SR P PR WG AT 44 o

R B A 7

DL W3275 A4R7REARAET S KAE 4 B BT 59 BRI R4, 0F W3275 S 3RI R 5 5 i
BB (AL 1.4,

1.4 WEERECE W3275 B9 BEAG I S218

Fig 1.4 Spot tests of phage infecting W3275
W T 1A ) 24,
FIFHXUZEAER oy S B R AR A T2 (LK 1.5 @l =8 U Bmaife)s, &
P W B AR R IRAT T Wk RAR B/ INFE 25— IR B h b

1.5 MEFRELE N R K
Fig 1.5 The purification of phage using double-layer agar plate method
Mk AT A T i ) s
DA IR |53 BRI 27 PRE BRI AT BR BT . ASEE = ORAF ) LA AL ATCC W SE bRt TR
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BRONFEZR TR, AU R 1 AREA TR v, i 1 RERRIE IR K 1 VL (L 1,60
JITRGE DI (1 G A BAT0) e 3 1 LA S (R A0 T AN AT e 1 R R S o JEAR 15 S5 IR 14
(R Tl e 98, AT DA 25 PRGBC O ERIE, o 15 BROU MRSA TE R, A5 H (i
%4 GH15, 1@?@)%2%3‘]_@?%%%0

SR S

1.6 BEE {75 £ 1 E

Fig 1.6 The detection of the phage host range
WEBS # GHI5 B fE MOI 5B 4K gk
W S E T GHIS G W3275 [t MOI 24 0.001, fSZ05 B AR A5 w17 2 ) 1
5 UL 1.7), ST LUAS] 2.7x10" pfu/mL.

4, 00E+10
3. S0E+10
3. 00B+10
s 2 SOEH10
+ 2, 00E+10

' 1.50E+10

1. 00E+10 —

5. D0E+09 —

0.00E+D0 =g BWOT  0.00T 0. c' B B B

1.7 GH15 &£ MOI il E

Fig 1.7 The detection of the optional MOI of GH15
£ MOI 2 0.001 4 FF R, W T GH15 &G W3275 124Kz (LK 1.8), H
KT UE S, DRI R BOR ETHES, BRI 25 min, — MRS N

15-20 min.
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11

VA%anen

lg (pfu/ml)

5 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Time (min)
1.8 GH15 B)—H K ih 4k
Fig 1.8 One-step growth curve of phage GH15
BB & GHI15 B4 7 BB e
X GHIS HEAT T35 i1 S B s (ILIET 1.9). RBLZMERA AT vl LAt )R B2,
IR AL GHIS B T RWME A H . DURMIE AR, GHIS Hk#BAsT. . RBIR
B . HA kBRI EAR N 65+ 3 nm, BHER LN 60 nm, R ETKELA

125 £ 2 nmo

1.9 GHI5 #EIES E FRHE THES

Fig 1.9 The transmission electron micrographs of GH15 (the bar represents 200 nm)

WR B & GH15 BALY TR R 4
M 95 75 5 DA A1/ BSOS AU IR RAK. GHIS R4t AT FE 4L A4 I (=
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3, FFME T GH15 FEF 41Xt DNase 1(20 U/ug), RNase A (5 U/ug) F1 Mung Bean Nuclease
(20 U/pg) MU, 4512 GH1S SERI41{06 DNase 18U UL 1% EE R 414 DNA, fif
X} Mung Bean Nuclease AU, it BHIZIE I 4124 XU DNA (UL 1100

Marker DNAseI Mung Bean Nucleas

& 1.10 GH15 EFBEBLEE

RNAse A

Fig 1.10 The identification of the GH15 genome type

14 iTig

VD CLAR TR A 3 A T2 R 3, W R TR B R Ol i SIS RE ) IR ek, 2 B0
PRI 0 AT RIS 0k, A7 D RO AP 4 R B e T R A AR N2
SBT3 5 AT R AW TR A A o 1T AN [R] (R A T AR S e Rk AT IR K 22 572
DRI, AN [] AR 53 A1 18 B A AN [ PR AR L 7 A IR 220 < 00 90 27 R T B ) 1
(L e e [ Py S < 08 €0 0 4 R W T A (O I A 2, FLIR S R AR A S o DR AT 138 D) 75
SR R AGHA T, DAISRAT HAT B A0 U B B A AT AR R B 4

ASEEN AR NS e RS <8 8 (R 2 BRUR HEAT 120 8, SR e URE Sk 5 1000 L EAT T 3
B IIRAE. A mecA JEDN) PCR A IN AT 2GRS IO OR A, 73180 S 1R <6 3 €003 248 BR 1T mh KT
Jr @ MRSA K, XK 2 Hpu A s d AT iR s 2k, S0 DK LRt 2 U

TR RAFAE R R A, DA R o (A R A L 1. DAy 3K MRSA
VENTRZR IR, FEVS AL fl R MRSA HAT RS PE R ZUVENE AR EAT T 70 . RIS L
FRE 2 I (R TR AR, AT RUZ-PAGR S8, P LUKE SR AW B AR A T o AN 4, ST
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WKLy 8. REBORER IR et 7, BATR SR e, s A k. AT
R IR o Wk VR (YR, R T U R R B, R ARRE TR A R S 1 2 R R T A T
T A A AT ST R M B AR %0 MRSA HLAT T 1 R 4 s i 7 DA,
ARFETRE A3 L A B R G AIEAT T RS I 5T, Lt GHIS X4 3 68 36 25 BR B R L HH
TRTE MR, JEHE X R 2 BRI ) MRSA # bR AT sk . b bk MRSA kK
USA300 i I ATCC, /23 E 5 AT 1) CA-MRSA &bk, GHI15 % LI H m sk it 2405
P, IX VL] GHIS ANMEAT LU A K VRAT BR[0T 6 G4 T 1 T ekt FL A7 2
s rE, R BRI E RN ). Z AT = A ATCC ISR 3]k K BER A,
FE E RS, 2 H AR 2 ISR R R A, (2 GHIS fE Bz T K
W BT TR R . SIS, PTRR o B IRRUEAR R, GHIS SRR AR A B 1, I
AT BT AR K 22 A 2 2 M IR IR AT #

ST GHIS 1) i 24 TGTE, 5 LRI 0/ Az B AR fE A DE e 4. il GHIS —25
PR R (R, 3Tt v A AT TR v R0, B AR, O ELIR AR R e S RIS,
XL AN IR TR R AEF AR BB R GHIS AR AREN, JF B
i AR FLAE PSS A 0 A bt o B B G i T BT R L GHLS Sy S )L
W, R LY O A IS0 R A BRIR R A K A1 812 1R%%. X} GHI5 it
VIRHHAT TR %0, e SRRt AUE DNA, IXANRE A T4 A A 1 3L 8 41 1 W 1A
PRt — 2

N T HE AR GHIS 55 H T T8 AT 10 L 4 i 8 81 2 T AT W AT A2 22 ) 14 S ), 22
I P AT PP 41 I 52 RS A o DRI, 75 R —10fx GHIS (14 B ALUF S EAT T e,
o L DR 281 1) 5 5 v A A1 P Gk AT A B R AL R AT LR R 43 H, R R PRSP 48 7R

GH15 5 H W E AR 2 57 .

B

1.5 /pgE

1.5.1  BRINAEEE Bl K 73 2 %) 24 ¥k MRSA.

152 LLAr B 201 MRSA 1E AR5 BRE 73 120 21 T 2R P i 14, O AP it 21 7 BATT 1%
SRR TE VR MR T AR, A 44 GHIS

1.5.3  GHIS KRN A, IR0 REE . Zilk DNA; R, St R HUR /b
HASRAGWA, ARATIE SV A 40w i U2 A TR 9
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BE WE GH15 2R R4 B3l R

It AT A2 S e 5K EL A AR A = 1A 2D o Wk S v A S 0 ) SR A o 4 5
I A5 i 3 DA [ R A ) S22 0y 9 ™o WA S DA 40 TR (1) A 2 R 4 P RS SRR R
I FLIEAT B 40 B3 ORI R, 53 AME5 A0 B 0w v 25 ) DR A 3 5<% IR e ot
W AT A (R B DR 2L AN B A AR I, AR a8 2 b AR T2 — ANy )

UTJUAFE, RIS T 2 k4 3 (0 2 BR DA 8] (R SE DN 4L 7T . Tony Kwan 2510 (1)
SCEEE R BRI R ALK/« S DR S (R A e RAZ IR S B 1 B IR LA o i, i LUK G B
HHATER A WE B A B = AN, o K. ASW. ISP Sb-1. G1 1 Twort JX JLAN 4 ¥ (04 4
BRI NUR W H RS T 108, e KIIERY (>125 kbp) 1,

FE b5 T AR WAV AR GHILS IR 12 B EI 1) MRSA Bk LS ARE
PREARE S RO i 2 E v, s AR IR SN (B AN N RV 0o O T3 — R
W GHIS, AF TR GHIS HHERI R A AL TRT ST, AT 7R ER 2 7K iR
XF GHI5 HITAIR, 10 J5 LS50 50 58 Fea .

21 ME
2.1.1  EERF]

PEG-8000(Sigma); — X P:JE4s (Millipore, 0.22 pm pore size); CsCl. SR ( Amresco);
BT 25 (JEOL JEM-1200EX 1T, Japan Electronics and Optics Laboratory, Tokyo,
Japan); RevertAid™ M-MuLV #5585 oligo (dT);s (MBI Fermentas, Canada); SDS. Tris.
Glycine (Amresco); Iiflg (BD); Biflehh (_Lifg); 10 kDa ) Slide-A-Lyzer iZE#T4¥ (Pierce
Biotechnology, Rockford, IL); Peptone. Yeast Extract (Oxoid); 1% marker. &1 /)it marker

(Takara) %%,
2.1.2  FEBREARAIE

WEPE AR GHIS (ARSEERE S, TENSE—3); S OmAERE 2 Sk W3275 (CRSLK:
B, TEWE R
213 519

ORF71P-F: ATG GCT AAG ACT CAA GCA GAA

ORF71P-R: CTATTT GAATAC TCC CCA GGC AA

ORF82P-F: AAG AAC TAATTAAGATAG CACAAGA

ORF82P-R: TTC ATC AAA GTA GAATTGTTTATTT
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ORF100P-F: ATG GCA TCA GAA GCT AAA CAAACC G

ORF100P-R: TTAAGT ACG TGC TTT GTC ACT TGC T

ORF122P-F: ATG AGA TTAAGA ATT AAG AAC TTAT

ORF122P-R: CTATTT TCC TAA GTC TTT TAT TTC A

ORF135P-F: TAT GGA AAA TGG ATT GAG TTA

ORF135P-R: TGT TTC ACA TTC AAT AAC AGA

ORF141P-F: ATG AAA GTA TTA ATC TTA TTT GA

ORF141P-R: TTA AAT TTC TTG ATA AAT ATG TT
2.14 FEAUSE

PCR ¥ (Biometra T3000); fHiF/Ki4s ( LifE—1H, DK-80); EFxH KL (JhRTN—,
DYY-6C); @iiifEE S C1109B, L AHIRIEIR 1102C, ERERPEIR CRlgEHD; B
W RS CRfE, 1600); /NG ELOHL picol7s /NIAEEEOHL pico22. & A B L
Hl Legend RT+ (Thermo); JFi#{X (ESI-MS/MS); - HLJKIX (BioRed, Mini4); 437606
J£ 3T Nanodrop-2000 ( Thermo); HJVKHL ICE2 (Scotsman); ¥ 74 A 21 $E G & (Axygen)

faray
SFo

2.1.5  BFIEH

PBS &Ml

137 mM NaCl, 2.7 mM KCI, 50 mM Na,HPO,, 10 mM KH,POy4, pH 1 7.4,

SM 2K

100 mM NaCl, 8 mM MgSOy, 50 mM Tris-HC1, pH 1 7.5.

Btk

(1) ik LB B55R3%E: Tryptone (10 g) , Yeast Extract (5g) ,NaCl (10g), EAZE 1L

Jii 120°C & Hs 259K B 20 min.

(2) [4A LB J95E: oWk LB LRl E N Agar (15% M/V).
22 Hik
2.2.1 WA GHI5 I 1. R4 54k

¥ MRSA Pk W3275 £5F28 ODgoo A 0.2, RJEHEWEEE K GH1S £ MOI 4 0.1
(phage/cell) HILLEIINIARE TR T, RG4S TR, B2 RIS, RIS 20R
& GH15 B9V - W5 W5 AR BEFE T 4°C 10,000 x g 2.0 15 min, SR 5 # L BGE L 0.22-pum

LR — PR 28 E 4T 36 . 3BT PEG-8000 5 NaCl ¥ 3ek Ik i s e 1A 188 e 30 v ) e e A 30k
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4

TULUE, 10,000% g B.Lr 15 min, FE8E LG, HIZE SM S BRIk AR VTIE ol » 3L CsCl
25 PR B Lo IR AR KW AT 1 GHLS AT 21k, FIFH 10 kDa [FIENTESAE SM Z Pl hidhA T
BT, WA BAEAL PR AR T BRI 14 (2% [wtivol]), RIS 1 W Bin
WRAERT IS I & GHIS B ST S
222 WEER GHIS ZERIIR IS P50 &

W e A GH1S AT 2L PRI 2 A2 1) W TR AAAE b oI N B TR K (50 pg/mL) BA A SDS
(0.5%), PRIBIRAIJETE 65°C JRUE 1 hy FRrH1GE HIZRM « By 05 05 -l — Ik 7E 4°C
T2 (10 mM Tris'HCL, pH {H 8.0, 1 mM EDTA) kATiET .

W BRI PRI AL BEAT HVK 0T, AR5 GHIS [RIFEPRIZL23 51 Ab Bk 6955 500 bp. 2 kb Al
6 kb [F)FE R SCE ; A Mlumina Genome Analyzer il 73 ARG B 44 GH15 #E47 738 & Solexa
paired-end JF"; FIH] SOAPdenovo b 3 KA BEAT B AL #3250 43 o e 1Ay 2%
AR HE D A R G LR AL 7T (BGD AT
2.2.3  BEEE GHI5 IFEFI ARG

KW GHIS PRI ZLEAT /00T . FIAT BLAST! IR GeneMarkS!" ™ i Wi i & GHI15
(G EHE (ORFs) WHATHIALHiE: 4 Mlilit tRNAscan-SE!"™ fl RNAmmer!"*f 5
i tRNA FI rRNA HIZER; K GHI5 HIEER P2 M FERR PP 41 A H] National Center for
Biotechnology Information network service 1] BLASTN Al BLASTP 714 #/F- 147 EE 43
1961, GH15 SR ZL I A T I3 T CGView! M BEAT I/ 4 KIE DRI ALAA B3 43 Mridik BLASTN
Artemis Comparison Tool '*3E4T .
224 HNETHEE

e H 2 BB 7 W B (A L AN T AR RNA BEATHR I, FFHEAT RT-PCR 20#7:
MRSA Fifk W3275 B 7R 2 40 KIS, LA MOI 2 0.1 FLLB I ANBE 4, 2 5 4k s o
10 min, 2RJ5HCEE W3275, $RHCH RNA; ] RevertAid™ M-MuLV [ % ¢/ 1 oligo (dT);s
XFPEHUR RNA BT SO 5 43 70 DLERHU) RNA S 63304511 cDNA Fll GH15 AE[A 21
KSR HEAR DG FE LA, % PCR 488 AT AL UK 70 Ao PCR N4 94°C 45 s, 48°C 45
s, 68°C2.5min, #EAT 35 MEM, #x)a 68°C LEff 10 min.
2.2.5 WEHEitA GH15 SR AL E

ST K GHI5 45 F 8 (13E4T SDS-PAGE FUFG /3 AL % B alifh 31 4 i 1y ik i 4
GHI15 # it 5_LFF buffer BH4TRA], Zh 8 min, SRJ5 ERCHILF (1) 12% SDS-PAGE iz L Ff
HLPK: KO OB REA T % T T2 i R250 (o, SRR — A IV, BHATIER
T A P00 R P P 35 R TR A K R BEEAT 2 O, A 30 1 A 5 R K
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PEFN GH15 FERIZHIEAT BLASTP 4347, U 8 BN 4y o 3 1 36 (R ) JE T g

23 &R

2.3.1 WHEK GHIS 315Kk %5

WRLR R A GH15 Y MRSA BWikk W3275, X GHIS BT THIB 1 (K& 2.1 /),
SR I PEG-8000 YTV, K GHIS (4 S A TR A . HIIZ S WL S AU B R 4 i ) 114
Wi R A EA T IS, R EH GHIS 138 T4E (K 2.1 40,

2.1 GH15 B9¥ 18 5Kk 48
Fig 2.1 The amplification and concentration of GH15
(B2 GHIS ¥ i8i%; HEH GHIS K48k
(left, the amplification sample of GH15; right, the concentration sample of GH15)
232 WEE{R GH15 BERAIHR I
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Fig 2.2 The extration of GH15 genome
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2.33  WEEE{E GHIS EE4 54T

WP AR R T GHIS ) DNA FPal (Kl 2.3), W&t DNA. KJEN
139,806-bp; G+C% A 30.23%; FLHAG 214 4~ ORFs, 2 ¥HEK gL RN 89.37%, T4t
ANTFIBR B EHE R Bl 653 bp, P gmid iy ARSI 100 ML ORFs A 129 A
(60.28%): JITA 1 ORFs 1 196  (91.6%) MEIGETIS T4 AUG, 10 4 (4.7%) &4H%
N UUG, 84 (3.7%) HUfi#M5+h GUG.

GH15

139,806 bp

B ORF W GCcontent W GC skew+ B GC skew-
K Blastm Gl Blasm Twort Blastn

2.3 GHI5 ERHEEL
Fig 2.3 The genetic and physical organization of the GH15 genome
R IRIE DGR 10 )7 1 AT oA K GHIS JERIZLA A4y KI—3 5 150 4
ORFs, ity 77 ) 5 ] —J7 ) s 0K — 3536075 ) T 19 ORF's, Zfith 75 [l 51 16) 573 4h— A7 1h,
FITERLE Ty 6.5 kb %] 41 kb A& (ORFs 17-78).
F AT RS ¥ 8 1 5 NCBI s i 8 (U7 FUEA T LR 087, S REAN R 1R T B AN 42 7K
BT T, WA 2.1
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< 2.1 GH15 R B FRHR RIZAER 947

Table 2.1 General features of the putative ORFs from GH15 with the best matches in the

database
ORF* Bp Protein pl Representative similarity to proteins in E Identity Accession no.
Start Stop size database value (positives)
(kDa)
1" - 20 358 13.500 4.39  Staphylococcus phage G1 ORF128 4e-53  95% (99%) YP_241030
2f + 671 979 11.811 4.59  Staphylococcus phage G1 ORF145 5e-51  95% (97%) YP_ 241031
3 + 1185 1472 11.035 5.65  Staphylococcus phage GI ORF159 8e-42  93% (94%) YP 241032
4"+ 1522 1713 7.674 9.56  Staphylococcus phage G1 ORF221 7e-28  98% (100%)  YP 241033
57+ 2231 2389 6.055 10.39  Staphylococcus phage Twort ORF253  0.017  53% (74%) YP_238667
6"+ 2556 2879 12393 490  Staphylococcus phage G1  ORF135 3e-54  98% (99%) YP_241037
7"+ 2979 3359 14.649 4.68  Hypothetical protein
8"+ 3851 4072 8.469 4.07  Hypothetical protein
9" + 4153 4290 5.485 434  Hypothetical protein
100+ 4361 4525 6.421 4.77  Hypothetical protein
11T+ 4616 4852 9.057 3.99  Staphylococcus phage ASW ORF194  8e-34  92% (99%) ACB89187
12F+ 4932 5402 17.897 3.45  Staphylococcus phage GI  ORF092 2e-80  98% (99%) YP 241038
137 + 5473 5736 10.372  4.05 Hypothetical protein
147+ 5740 5913 6.629 4.85  Staphylococcus phage G1I ORF234 6e-22  95% (98%) YP_241039
157+ 5913 6182 10.116  5.01 Staphylococcus phage G1  ORF166 9e-32  80% (87%) YP_241041
16"+ 6258 6446 7.512 496  Staphylococcus phage GI ORF226 le-23  97% (98%) YP_241042
177 - 6756 7046 11.545 428  Hypothetical protein
187 - 7136 7384 9.994 4.60  Staphylococcus phage GI ORF184 2e-31  86% (91%) YP_ 241044
197 - 7398 7643 9.628 4.33 Hypothetical protein
20" - 7656 8066 16.760  6.09  Staphylococcus phage GI ORF109 le-50  73% (88%) YP 241046
217 - 8066 8581 20.033 4.19  Staphylococcus phage G1 ORF103 le-22  81% (92%) YP_ 241047
22 8613 8867 10.231 3.88  Staphylococcus phage G1  ORF103 3e-18  92% (96%) YP_241047
23" 8867 9058 7.884 9.74  Staphylococcus phage G1 ORF224 3e-26  94% (98%) YP_241048
247 - 9055 9453 14982 9.54  Staphylococcus phage ASW le-51  79% (88%) ACB88998
hypothetical membrane protein MbpA
257 - 9533 9787 9.675 5.22  Hypothetical protein
26" - 9787 10248 18.240 4.77  Hypothetical protein
27" - 10248 10682 16960 4.15  Staphylococcus phage K ORF2 6e-68  89% (95%) YP 024433
287 - 10696 11238 21.527 9.23  Staphylococcus phage G1 ORF073 4e-94  94% (98%) YP 241051
297 - 11250 11738 19.367 9.30  Staphylococcus phage K ORF4 S5e-84  91% (96%) YP_024435
307 - 11751 12155 16.436 5.46  Staphylococcus phage K ORFS5 le-55  88% (96%) YP_024436
317 - 12158 12859 27.517 490  Staphylococcus phage K ORF6 S5e-122 91% (96%) YP_024437
putative protein phosphatase
327 - 12952 14802 68.955 5.45  Staphylococcus epidermidis RP62A 9e-148  54% (67%) YP_ 189214
lipase/acylhydrolase domain-containing
protein
337 15704 16252 22.002 4.39  Staphylococcus phage K ORF38 2e-87  96% (99%) YP 024439
347 16256 16474  8.424 428  Staphylococcus phage GI ORF201 4e-33  99% (100%)  YP_241058
357 16475 16561  3.282 4.15  Staphylococcus phage G1I ORF218 4e-20  100% (100%) YP_241059
36" - 16659 17396  28.683 6.77  Staphylococcus phage K ORF9 2e-135  99% (99%) YP_024440
37 - 17459 17563  4.105 4.59  Staphylococcus phage G  ORF437 4e-10  100% (100%) YP_241061
387 - 17575 17814  9.433 4.52  Staphylococcus phage GI  ORF180 2e-31  84% (92%) YP_ 241062
397 - 17816 18205 14.755 4.66  Staphylococcus phage K ORF10 le-38  61% (82%) YP_024441
407 - 18299 18472  6.818 5.06  Staphylococcus phage G1 ORF245 7e-25  96% (98%) YP_ 241064
417 - 18513 18995 19.030 4.56  Staphylococcus phage K ORF11 2e-78  89% (96%) YP_024442
427 - 19045 19587 20.450 4.74  Staphylococcus phage K ORF11 9¢-94  97% (99%) YP_024443
437 - 19587 20117 20.499 3.98  Staphylococcus phage K ORF13 2e-91  95% (98%) YP_024444
447 - 20120 20284  6.284 9.54  Staphylococcus phage A5W le-19  93% (94%) ACB89017
hypothetical membrane protein MbpP
45t - 20287 20565 10.897 5.08  Staphylococcus phage ASW le-21  91% (95%) ACB89018
hypothetical membrane protein MbpR
46" - 20565 21410 31.808 9.31 Staphylococcus phage K ORF14 Se-151  93% (96%) YP_024445
47" - 21472 22551 40.899 4.92  Staphylococcus phage G1 ORF024 0.0 95% (98%) YP_ 241071
ATPase-like protein
48" - 22704 22919  8.507 4.16  Staphylococcus phage G1  ORF134 2e-29  89% (96%) YP 241072
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497 -
507 -

517 -
527 -
537
547 -
554
56" -
577 -

587 -
597 -

60" -
61" -

62" -
63" -

647 -
65" -
66" -

67" -
68" -

69" -

70" -
717 -

72" -

73" -
747 -
75" -
76% -
774 -

787 -
79" +

80" +
81+
82 +
83" +
84" +
85" +
86° +
87"+
88t +
89% +
90% +

91" +
92t +

93" +
94" +
95" +

23023
23572

23874
24106
24268
26399
26679
26859
27430

28190
28806

29703
29995

30787
31417

31832
32046
32677

32910
33246

34135

34929
35351

36838

37426
39154
39853
40075
40420

40779
41306

41691
41825
42250
44060
44952
45038
45559
46873
47232
47607
49491

50283
51358

52841
53150
54072

23439
23874

24062
24267
26319
26662
26852
27437
28185

28780
29699

29927
30735

31401
31842

32023
32657
32907

33137
33938

34929

35237
36838

37341

37611
39372
40062
40407
40746

41045
41572

41828
42235
44067
44881
45041
45517
46788
47214
47603
49298
50264

51242
52794

53137
54058
54950

15.992
11.303

7.320
6.401
79.842
10.258
6.585
21.45
29.376

22.320
34.578

8.151
28.547

23.133
15.79

7.472
23.397
8.831

9.225
24.903

29.295

12.172
54.762

18.144

7.065
8.678
7.761
12.522
13.074

10.093
10.363

5.434

15.698
70.255
30.568
3.400

18.539
45.087
12.825
14.525
64.082
28.641

36.176
51.211

11.229
34.160
33.715

4.98
4.67

4.11
4.54
6.67
5.37
8.71
8.74
9.68

4.47
5.12

8.64
5.11

4.01
7.17

5.79
3.87
8.38

9.97
4.87

8.84

8.88
9.51

3.92

4.94
9.03
5.75
5.19
5.64

8.74
6.74

9.20
4.28
6.69
5.03
8.61
4.73
3.98
9.27
6.38
6.42
4.81

4.22
4.95

9.46
5.05
5.62

Staphylococcus phage K ORF16
Enterococcus phage phiFL3A  ArpR
DNA binding protein

Staphylococcus phage G1 ORF228
Staphylococcus phage G ORF259
Staphylococcus phage K ORF18
Staphylococcus phage G1 ORF172

Staphylococcus phage ASW  ORF039

Staphylococcus phage K ORF19

Staphylococcus phage Twort ORF052

HNH endonuclease I-Twol
Staphylococcus phage K ORF20
Staphylococcus phage K ORF21
putative DNA ligase

Hypothetical protein

Staphylococcus phage K ORF22
putative PhoH-related protein
Staphylococcus phage K ORF23
Staphylococcus phage K ORF24
putative ribonuclease

Staphylococcus phage G  ORF222
Staphylococcus phage K ORF25
Enterococcus phage phiEF24C
putative transcriptional regulator
Staphylococcus phage G1  ORF190
Staphylococcus hominis SK119
putative transglycosylase IsaA
Staphylococcus phage ASW
hypothetical membrane protein MbpS
Staphylococcus phage K ORF29
Staphylococcus phage K
ORF30/0ORF32 putative lysin
Staphylococcus phage K ORF33
putative holin

Staphylococcus phage G  ORF233
Staphylococcus phage G1  ORF200
Staphylococcus phage G1  ORF207
Staphylococcus phage GI  ORF209
Staphylococcus phage A5W
hypothetical membrane protein MbpC
Staphylococcus phage G1 ORF169
Staphylococcus phage A5W
hypothetical membrane protein MbpD
Staphylococcus phage G1 ORF161
Staphylococcus phage G1  ORF133
Listeria phage AS11 gp74 putative
terminase large subunit
Staphylococcus phage K ORF36
Staphylococcus phage G1  ORF235
Staphylococcus phage K ORF37
Staphylococcus phage A5W
hypothetical membrane protein MbpF
Staphylococcus phage ASW
hypothetical membrane protein MbpE
Staphylococcus phage K ORF40
putative portal protein
Staphylococcus phage K ORF41
putative portal protein

Enterococcus phage phiEF24C
putative prohead protease
Staphylococcus phage G1  ORF029
Staphylococcus phage K ORF44
putative capsid protein
Staphylococcus phage G  ORF151
Staphylococcus phage K ORF45
Staphylococcus phage K ORF46

3e-74
6e-23

5e-25
Te-20
0.0

le-39
3e-22
5¢-93
4e-12

3e-96
Se-132

3e-142

5¢-86
1le-73

2e-28
Se-107
Se-10

le-34
5e-21

2e-133

le-49
0.0

4e-87

le-25
le-34
8e-19
2e-53
2e-53

le-27
2e-34

3e-19
8e-71
0.0
le-150
5e-19
2¢-85
9e-147
8e-56
3e-64
0.0
3e-57

2e-145
0.0

6¢e-32
2e-177
2e-170

99% (100%)
51% (78%)

95% (97%)
92% (96%)
93% (96%)
95% (98%)
95% (100%)
95% (99%)
42% (58%)

86% (95%)
78% (91%)

98% (100%)

80% (89%)
99% (100%)

100% (100%)
99% (100%)
50% (68%)

100% (100%)
35% (48%)

88% (96%)

8% (99%)
99% (99%)

95% (98%)

100% (100%)
100% (100%)
70% (77%)
99% (99%)
98% (98%)

98% (100%)
97% (97%)

100% (100%)
99% (99%)
63% (79%)
98% (99%)
100% (100%)
99% (100%)
86% (89%)
99% (100%)
99% (100%)
99% (99%)
48% (66%)

97% (99%)
99% (100%)

95% (99%)
100% (100%)
99% (100%)

YP_024447
YP_0033475
84

YP 241075
YP 241076
YP_024449
YP 241079
ACB89030
YP_024450
YP 238598

YP_024451
YP_024452

YP 024453

YP_024454
YP_024455

YP_241086
YP_024456
YP 0015043
22

YP 241089
ZP_ 0406014
0
ACB89042

YP_ 024460
YP 024461

YP 024463

YP 241098
YP_241099
YP_241100
YP 241101
ACB89047

YP 241102
ACB89048

YP 241104
YP 241105
YP_0014684
54

YP_ 024466
YP 240894
YP 024467
ACB89054

ACBB89055
YP_024470
YP 024471
YP_0015041
23
YP_240902
YP_024474
YP_240904

YP_ 024475
YP 024476
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96 +
97" +
98" +
99" +

100" +
1017 +
1027 +
1037 +
104" +
1057 +
106" +
107" +
108% +
1097 +
110" +

117+
1127 +
1137+
1147 +
1155+

116" +
1177+

118 +
119" +
1207 +
1217+
1227 +
1237+
124" +
1257+

126" +
127" +

128" +
1297 +

1307 +
1317+
1324 -
133% +
134" +

1357+

136" +

137" +

54950
55589
56427
56669

58505
59017
59201
59354
60084
60527
61029
61618
65749
68195
69082

71735
72526
73050
73769
74836

78006
78548

82055
82214
84155
84533
86001
87761
89406
90888

91913
92290

94209
94820

95953
96291
96882
97009
97356

97763

99891

100958

55570
56425
56642
58432

58933
59181
59311
59806
60395
60985
61565
65676
68181
69082
71628

72526
73050
73754
74815
77895

78527
82006

82213
84043
84526
85909
87749
89374
90809
91913

92290
94209

94805
95887

96291
96743
97007
97338
97748

99877

100940

101287

23.745
31.749
8.279

64.444

15.924
6.691
4.279
17.807
12.237
18.108
20.920
143.893
91.515
34.592
96.036

29.343
19.952
26.597
39.178
116.315

19.239
129.241

6.207

69.032
14.453
50.567
67.258
63.186
53.020
39.265

14.897
73.456

23.236
40.939

12.963
17.041
4.405

12.898
14.750

80.217

40.445

12.371

10.39
4.56
8.45
4.74

542
10.02
10.38
9.78
5.99
4.58
4.05
9.16
6.55
431
4.72

8.20
431
4.52
4.63
4.77

5.25
4.93

8.40
5.74
4.70
6.25
5.83
8.11
5.25
4.93

5.14
5.07

6.63
8.37

4.04
472
9.28
5.01
9.79

5.53

4.56

4.46

Staphylococcus phage K ORF47
Staphylococcus phage K ORF48
Staphylococcus phage G1  ORF202
Staphylococcus phage K ORF49
putative major tail sheath protein
Staphylococcus phage 812  capsid
protein

Staphylococcus phage Twort ORF245
Staphylococcus phage G  ORF239
Staphylococcus phage K ORF51
Staphylococcus phage K ORF52
Staphylococcus phage K ORF53
Enterococcus phage phiEF24C putative
RNA polymerase

Enterococcus phage phiEF24C
putative tail lysin

Enterococcus phage phiEF24C
putative tail lysin

Staphylococcus phage K ORF57
Staphylococcus phage K ORF58
putative glycerophosphoryl diester
phosphodiesterase

Staphylococcus phage K ORF59
Staphylococcus phage G1 ORF078
Staphylococcus phage K ORF61
putative baseplate protein

Listeria phage A511 gp103 putative tail
protein

Staphylococcus phage K ORF63
Staphylococcus phage K ORF64
Enterococcus phage phiEF24C
putative adsorption associated tail
protein

Staphylococcus phage G  ORF262
Staphylococcus phage K ORF66
Staphylococcus phage K ORF67
Staphylococcus phage K ORF68
Staphylococcus phage K ORF69
putative helicase

Staphylococcus phage K ORF70
putative Rep protein

Staphylococcus phage K ORF71
putative helicase

Staphylococcus phage K ORF72
putative exonuclease
Staphylococcus phage K ORF73
Staphylococcus phage K ORF74
putative exonuclease
Staphylococcus phage K ORF75
Staphylococcus phage K ORF76
putative primase

Staphylococcus phage G1 ORF127
Staphylococcus phage G1  ORF098
Hypothetical protein

Enterococcus phage phiEF24C putative
resolvase

Staphylococcus phage K ORF79
putative NrdlI protein
Staphylococcus phage K ORF80
putative ribonucleotide reductase large
subunit

Staphylococcus phage K ORF81
putative ribonucleotide reductase minor
subunit

Staphylococcus phage K

ORF8§2

8e-116
2e-159
7e-35
0.0
4e-78
3e-11
9e-12
3e-43
4e-51
4e-82
le-07
2e-07
3e-100
2e-166
0.0

Te-151
3e-95
4e-134
2e-110
0.0

5e-96
0.0

3e-20
0.0
2e-62
0.0

0.0

0.0

0.0
le-172

2e-66
0.0

2e-110
0.0

6e-56
2e-77

2e-05
8e-68

0.0
0.0

le-54

99% (100%)
99% (100%)
100% (100%)
99% (99%)
100% (100%)
69% (83%)
100% (100%)
57% (75%)
99% (100%)
99% (100%)
33% (64%)
28% (45%)
37% (56%)
99% (100%)
99% (99%)

100% (100%)
100% (100%)
99% (100%)
56% (74%)
99% (99%)

100% (100%)
52% (72%)

100% (100%)
97% (98%)
98% (98%)
99% (99%)
99% (100%)
99% (99%)
100% (100%)
86% (92%)

99% (100%)
99% (100%)

98% (99%)
100% (100%)

100% (100%)
98% (99%)

37% (60%)
98% (99%)

99% (99%)

100% (100%)

97% (98%)

YP 024477
YP 024478
YP_240909
YP_024479

ABL87118

YP 238558
YP 240912
YP 024481
YP_024482
YP_024483
YP_0015041
37
YP_0015041
38
YP_0015041
39
YP_024487
YP_024488

YP_ 024489
YP 240925
YP_ 024491

YP_0014684
83
YP_024493
YP_024494
YP_0015041
50

YP 240931
YP_024496
YP_024497
YP_024498
YP_024499
YP_024500
YP_024501
YP_024502

YP_ 024503
YP_ 024504

YP_024505
YP_024506

YP_240943
YP_240944

YP_0015041
65
YP_024509

YP 024510

YP 024511

YP 024512
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1387+

1397 +
140" +

1417+

1428 +
1437 +
1447 +
1457 +

146" +
147" +

148" +
149* +
150" +

1517+
1527 +
153" +

1547 +

1557+
156" +
157" +
158% +
1597 +
160" +
1617+
1627+
1637+
1647 +

165" +
166" +
1677+
168% +
1697 +
170" +

1717+
172 +
173" +

174 +
1757+
176" +

177" +
178" +
179" +
180 T+
181% +

1827 +
183 +

184" +
1857 +

101337

101799
102405

102786

106074
106333
106902
108239

109499
109839

110629

111283

111810

112132
112396
113144

114408

114922
115138
115733
116733
116858
118093
118842
119365
119825
120591

121136
121383
121976
122163
122407
122700

123360
123789
124124

124328
124709
125056

125404
125724
126074
126690

127095

127507
127817

128115
128272

101591

102395
102710

106004

106316
106815
108179
109495

109852
110501

111361

111795

112037

112392
113151
114394

114776

115074
115674
116434
116858
117721
118824
119300
119808
120529
120989

121378
121940
122152
122393
122619
123344

123608
124085
124315

124696
125056
125334

125709
126074
126676
126869

127505

127800
128104

128228
128490

9.516

23.599
11.928

124.646

9.055

18.018
47.189
46.762

13.378
26.609

23.169

17.864

7.829

10.273
29.146
47.605

13.991

5.712

20.762
27.381
4974

32.285
28.350
17.849
17.536
27.444
15.428

9.337
21.688
6.988
8.440
8.091
25.194

9.038
11.497
7.506

14.145
12.989
10.197

12.162
13.681
23.382
7.249

15.361

11.572
10.470

4.465
8.294

438

6.51
5.87

5.32

4.02
5.46
4.51
5.19

5.02
5.20

4.53

4.20

4.35

5.71
436
5.80

5.74

5.69
7.32
9.57
11.53
5.37
5.17
4.69
6.19
4.51
9.17

8.45
9.49
4.51
7.32
8.45
5.63

4.49
8.31
8.65

4.01
4.45
4.04

9.23
9.93
9.77
7.10

4.41

3.85
9.22

4.69
9.55

Staphylococcus phage K ORF83
thioredoxin-like protein
Staphylococcus phage K ORF84
Staphylococcus phage K ORF85
putative integration host factor
Staphylococcus phage K
ORF86/ORF88/ORF90 putative DNA
polymerase

Staphylococcus phage G ORF181
Staphylococcus phage K ORF91
Staphylococcus phage K ORF92
Staphylococcus phage K ORF93
putative DNA repair protein
Staphylococcus phage G  ORF121
Staphylococcus phage K ORF94
putative sigma factor

Enterococcus phage phiEF24C
putative Ig-like protein
Staphylococcus phage K ORF96
putative major tail protein
Staphylococcus phage K ORF96
putative major tail protein
Staphylococcus phage G1 ORF174
Staphylococcus phage K ORF97
Listeria phage A511 gpl48 putative
DNA repair exonuclease
Staphylococcus phage A5W
membrane protein MbpG
Staphylococcus phage K ORF100
Staphylococcus phage G ORF075
Staphylococcus phage K ORF101
Staphylococcus phage K ORF102
Staphylococcus phage G1 ORF036
Staphylococcus phage K ORF103
Staphylococcus phage G  ORF094
Staphylococcus phage K ORF105
Staphylococcus phage K ORF106
Staphylococcus phage A5W
hypothetical membrane protein MbpH
Staphylococcus phage G1 ORF182
Staphylococcus phage K ORF108
Staphylococcus phage G  ORF240
Hypothetical protein

Hypothetical protein
Ribulose-1,5-bisphosphate
carboxylase/oxygenase small subunit
Hypothetical protein

Staphylococcus phage G1 ORF152
Staphylococcus phage ASW
hypothetical membrane protein MbpK
Staphylococcus phage G  ORF119
Staphylococcus phage G1 ORF124
Staphylococcus phage ASW
hypothetical membrane protein Mbpl
Staphylococcus phage G1  ORF140
Staphylococcus phage G1 ORF122
Staphylococcus phage G1  ORF065
Staphylococcus phage G1  ORF237
Staphylococcus phage A5W
hypothetical membrane protein MbpM
Staphylococcus phage ASW  ORF160
Staphylococcus phage A5W
hypothetical membrane protein MbpL
Staphylococcus phage G1 ORF362
Staphylococcus phage G1 ORF170

le-40

6e-109
2e-51

0.0

5e-37
1e-89
0.0
0.0

le-61
2e-122

2e-16

2e-88

4e-09

de-42
5e-136
8e-78

5e-63

Te-21
3e-98
2e-135
3e-15
4e-158
6e-136
4e-82
le-76
le-114
6e-70

5e-35
4e-67
9e-25

0.70

2e-44
6e-25

le-52
2e-58
Te-42

3e-50
5¢-58
2e-111
le-21
4e-34

4e-47
6e-36

Te-10
le-24

99% (100%)

99% (99%)
100% (100%)

99% (99%)

98% (99%)
99% (100%)
96% (98%)
99% (99%)

100% (100%)
100% (100%)

34% (58%)
99% (99%)
52% (70%)

99% (100%)
96% (98%)
42% (63%)

100% (100%)

98% (100%)
98% (99%)
99% (100%)
100% (100%)
98% (99%)
100% (100%)
99% (100%)
99% (100%)
93% (97%)
99% (100%)

93% (98%)
89% (98%)
100% (100%)

33% (49%)

92% (95%)
94% (98%)

81% (94%)
98% (99%)
97% (98%)

97% (99%)
98% (98%)
97% (100%)
80% (95%)
58% (77%)

96% (99%)
95% (98%)

97% (100%)
83% (90%)

YP 024513

YP 024514
YP 024515

YP 024516

YP_240959
YP 024519
YP_024520
YP_024521

YP 240963
YP 024522

YP_0015041
77
YP_024524

YP 024524

YP 240968
YP_ 024525
YP 0014685
28
ACB89126

YP 024528
YP_240973
YP_024529
YP_024530
YP_240976
YP 024531
YP 240978
YP_024533
YP_024534
ACB89136

YP_240982
YP_ 024536
YP_240984

CAD11990

YP_240987
ACB89144

YP_240989
YP_240990
ACB89147

YP_240992
YP_ 240993
YP_ 240994
YP_ 240995

ACB89152

ACB89153
ACBg9154

YP_ 241000
YP 241001
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186" +
1877 +
188" +
189" +

190" +
1917 +
1927 +
1937 +
1947 +
1957 +
196" +
197" +

198" +
1997 +
200" +

201" +
202" +

203"+

204" +
205" +
206" +
207" +
208" +
209" +
210% +
2117 +
2127 +
213"+
214" +

128566
128871
129289
129522

130127
130222
130387
130581
130847
131165
131896
132115

132289
132526
132727

133110
133400

134326

135874
136139
136533
136796
137113
137412
137653
137799
138134
138390
138727

128871
129278
129525
130049

130216
130341
130566
130844
131164
131818
132099
132273

132513
132726
133017

133403
134308

135795

136119
136531
136730
137107
137412
137651
137802
138134
138352
138665
138894

11.737
15.693
9.158

20.679

3.427
4.634
6.407
10.292
12.122
24.968
7.698
5.778

8.500
7.600
11.133

11.413
34.895

56.127

9.872
15.477
7.939
11.550
11.654
9.866
6.009
12.947
8.612
10.515
6.519

4.40
8.75
8.93
6.17

9.86
9.52
10.03
4.60
4.85
5.60
5.68
6.21

7.94
5.04
9.26

6.39
5.10

5.25

8.80
5.13
4.37
6.36
9.59
9.49
4.83
4.93
3.93
4.65
4.06

Hypothetical protein

Hypothetical protein

Hypothetical protein

Staphylococcus aureus subsp. aureus
TW20 phage protein

Hypothetical protein

Hypothetical protein

Staphylococcus phage G1 ORF236
Staphylococcus phage G ORF171
Staphylococcus phage G  ORF137
Staphylococcus phage G1  ORF055
Hypothetical protein

Staphylococcus phage A5W
hypothetical membrane protein MbpN
Hypothetical protein

Staphylococcus phage G1  ORF211
Staphylococcus phage A5W
hypothetical membrane protein MbpO
Staphylococcus phage K ORF109
Staphylococcus phage K ORF110
putative ribose-phosphate
pyrophosphokinase

Staphylococcus phage K ORF111
nicotinamide phosphoribosyl
transferase

Staphylococcus phage G  ORF178
Staphylococcus phage G  ORF113
Staphylococcus phage G1 ORF194
Staphylococcus phage G1 ORF142
Staphylococcus phage K ORF114
Hypothetical protein

Hypothetical protein

Staphylococcus phage G1  ORF131
Hypothetical protein

Hypothetical protein

Staphylococcus phage G1  ORF225

3e-66

4e-22
1e-37
3e-42
9e-39

2e-11

2e-31

4e-40

7e-33

le-138

0.0

4e-37
le-64
4e-25
7e-50
8e-44

3e-46

4e-22

75% (86%)

98% (100%)
91% (95%)
84% (90%)
48% (64%)

71% (90%)
100% (100%)
89% (93%)
75% (85%)
84% (90%)

98% (99%)

93% (99%)
96% (98%)
85% (85%)
98% (99%)
92% (94%)

83% (91%)

96% (100%)

CDI49957

YP 241002
YP 241003
YP 241004
YP_241006

ACB89160
YP_241008
ACB89162
YP_024537
YP_024538

YP_024539

YP 241013
YP 241014
YP 241015
YP 241016
YP_ 024542

YP 241018

YP 241020

2+, AUG start codons; §, UUG start codons; §, GUG start codons. +, right orientation; -, left orientation.
R LA S], GHIS Frémid it & b AT 65 4 (30.4%) 53 b DA shfe it & o

Fed ) BAT RS, RIS PT RE R4 SR DI Re s D18 124 4> (57.9%) 58 b A SN D RE
(K2R BT A IR o4y 25 NIEDR 9 (11.7%) B R BLEAT IV TE I 8 R 9UAEAE -
TR A 1 R i AT A T B (0 SR RO 8 LA A I, Sk e BE R O AR BEHL T F HEA 1

A AT LA Ry JUAMEE B AR I AR RIS A e . 2R . SR 2 ki e . fEAF— 3R A2
I BAT R ILAS AR R I BPARAE o 7RI LA, AR/, AU & AN AH AR 1) ORFs
(ORFs 71 1 72) #ZBRACH AL TG IF PS80 (ORFs 31-68 F1 ORFs 122-153), Lt
ST R IAAE ZA A LA 5 H S DNA & H145 55/ ORFs, {335 DNA ligase (ORF 59),
RNase H (ORF 63), helicase (ORFs 122 1 124), primase (ORF 129), polymerase (ORF 141)

F1 DNA binding Z5 1 (ORFs 50 Fl 145), F3/MAIRHUE AL % 4m il exonucleases (ORFs 125,

127 A1 153), integration host factor (ORF 140), LLM&—2& DNA AT FEE1)E (ORFs

134-136). GH15 ) ORF106 53K AW 17 14 phiEF24C 1] RNA FEMERILE 30%1) /741
YR, AR EIXA ORF A7 145ttt (ORFs 82-117). 734k, GHIS fA{E—AN 1] i
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i o Ky, R ORF147, Frémidi)s A KK 26.6 kDa. %K 51R Al fg /2 4% RNA
R A ERARUM WG TRt 20y DX, AR R R B A BE DR 3, [ o i TR R IR g ik
2021 ORF47 A1 ORF61 43 57T LA 40.9 kDa 1 28.5 kDa [#] ATP W, ‘EA147 48 T4 IR AR
Bt ST XAEIE A Wb w R ARSI AT O, GHIS N T LR E 5 11 T2 58
15 BRI AR5 A 1 T JE 75 MRS 5 o K B4 T AR N T GHILS ] LA ILH %5 1)
N

W T A5 7 0 €0 46 BR A1 94 3 DR 1 A 9 mh 3 i S 1) £ €%, BLASTP 40 H7  W]
GHI15 f]—#B4> ORF32 (124bp FZ 1k, JL 493 NEIEIRRIL) 54 B i B/ £k /K fif
Bt P R 54% FIENE,  JF HIX R FE P A1) G+C% N 32.66%, 54 HIE
HARHEP, Rk, XBSERAR A R BT A BRI . 2 BT HRIE R R 215K
I — BRI B IR 1, I EL AT 5 4 0 B8 K0 JRURE 4 G0 ]I, 3% 4> ORF S5
W& HKU10-03 (222 8 HAT 45%I1 [FJE 1, FTLh GHI5 [¥) ORF32 HILSE D REIE 7 1 —
AL

I3 AT W] GH15 1) ORF57 544 B BT 44 Twort (ORF52). K (ORF31). G1 (ORF84)
PARD T R WE B /K PVP-SEL . KW AT B B 44 rvS RIS 3K T W 141 7 SAPG [¥I% IR A V)i
HNH & F B A R P nT AERN GH15 (1) ORF52 1R Al et /2 4ah5 HNH 1% P VI .
A7) GHI5 1) ORFS7 /& — AL, Se#E gl 15 5 A5 K Twort K/G1 AH R 751 #B
TR G 5 A2 W A Y TR 3 D P X T e 2R g (1 B TR 43 8k T AN SRR 534k, GHIS 11
ORF57 HfeJi 28 N FEMR 5 K ORF20 T —BURA 82% K [ YJsE, M K WL 14 ORF20 )
J3—BtY GHIS (¥ ORFS8 [AIFE R AT IR UENE,  Fh b m] Dok e g 44 2R T RE BRI (¥ = o
2.3.4 PSS HEXT

XF GHI5 (4K AL 2H 55 NCBI Genbank 405 78 b (SR DRI EAT LU A 23 A, 2 B G b5 1
WA K. Sb-1. ASW. ISP I G1 [FAEP 4 BATH s i) IRt (1 2.4 F12.5). MUK Sb-1.
A5W. ISP I G1 3| GH15 HHEPRIALI) GHCU%RIAMKIRIENT O 30.60%3F] 30.23%), ik
DRIZH IR R /NI Bz, KB AN KB AAR ) 127,395 bp — EL % GH15 1) 139,806 bp (% 2.2). 1
2.5 W LAEH, 75 ASW. ISP. G1 il GH1S [fFE K41 R P AN K1 BAE Sb-1 il K J
DRI R B R X R AR X T UANWE BT TR SR BRI A p R A T R R BESE DR i N e ok . X
6 /W B AT DR A IR R PR I A2 Al . GHC% R A FNBE PR 2 K /N AR A a4 mT DA i A
WA K ] Sb-2. ASW. ISP. G1, F#| GHI5, 7Edkb L EATHUIMK R, XL p A4
J T “K-like" K. 514h,  HLAR Twort BEREAFERI L) G+C%h 30.26%, 5 GHI5 i) G+C%
IR, H& Twort BRIFRAERE R P H1IK-F 5 GHIS JEPRIZH 1) 78 i ZE N [RIYEMEACR 46% A1
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87%. Ail, Lavigne [#RiE G2 NG B RUEIEILS] 40%LL 1, WA LA A &
TR, ST, Twort W B AR N % 18 T-“K-like” 5 1% .

Tony Kwan K1 ] S0 g8 45 HH— 4 i €0 31 287 BR TR TR A4 SR LR A /IR T 402K
Jiki: <20 kbp HIB AR T 18 ~40 kbp KRR T 1128 >125 kbp KK G )& T I 2K 4K
I A58, TN LG e A (AT BRI T R i AT B o R, ol DA
GH15 & 4 2 (1 A BR 1A T 2BWE B R — A0t e H R A Ik, R IAY TIT 206 B 4435 2
JUURE AT P, 122 2R AT b FL e i 8 0 57 R VT Wt P IR R ARG P DV o 2 i o i 3
AN WO A ER AR PO, 4400 812, AR SCHR 1 BRI R L) 23T 4 )
IR /N 146.5kbp, I He o — AU MR, MR A L2805 1 — Lok B BL Y
IIT SRR R AA R I AR ) [R5 . BRAR 812 M4SN ALE RN e, (HAER T CANRIX L
B BNz E T T SRR A4

AR GHIS 508 4 3 (R4 BR A 14 TIT SR TR (A2 TR 0 356 R A A /K P 3 B AR 7 1 [l
P, AHURAH U BGE 2 W] LU A GHIS JERAH B AR T KEISERFRE A FE . Biiic&de
FAE GH15 R E8 LRI KIFER H BEAE K, Sb-1 F1 Twort 5K 41 2 52 4Bk (K, e
7E G1, ISP Ml ASW BEPRZH s O ANAT HB o044 AE o« IX PN KRR v B Ak il A7 1 1,050~4,919 bp
Fil 121,787~132,491 bp, G+C%%3 iy 28.4%F 28.48%, WHILT GHIS AJEFLLHI T4
GHC%/K T, BTN I%IE TR M # A K (morons) P, X3 WI7EIX SUIG B K 2 7] % 246 %%
PRI R AT 2R RS PR A8 el 6 8

7

+ 2.2 GHI5 R E B R E EEB LLi o

Table 2.2 A global genome comparison of GH15 and homologous phages

GHI15 Twort Gl ISP ASW Sb-1 K
G+C content 30.23% 30.26% 30.39% 30.42% 30.47% 30,48% 30.60%
Genome size (bp) 139,806 130,706 138,715 138,339 137,083 127,188 127,395
Identity of GH15 BLASTN 100% 87% 97% 97% 97% 97% 97%
Query coverage of GH15 BLASTN 100% 46% 92% 92% 92% 84% 85%
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& 2.4 GH15 5H[EREMEE A ORFs B ELXT 447

Fig 2.4 A comparison of the genomic locations of homologous ORFs

25kb 50kb 75kb 100 kb 125 kb 139 kb

Nucleotide Metabolum  Lysis

Nucleotide Metaboliun
| d Rephication —=| b—=| |=—  Stucnal Components  —a| |=— """ and Replication _—=|

812

P100
AS511

phiEF24C

Fig 2.5 A pairwise nucleotide sequence comparison of GH15 with other phages

v

<4I1a iﬂﬁiﬁ 50-80 smioo >=ig

Color key for alignment scores

& 2.5 GH15 5 EERIRMEE 4589 Eb X3 9 4
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235 HNETEE

T AR 2 T F e < i (O 2 BT T 2RI A A SRR P L AT A5 7, B X GHLLS
(K197 ORFs JEAT ) LU Ao T HI A R D% B AR A7 AEH A% 7. GHIS L HILEMER AN
BT HISSHIFE R 6] . ORFs 43 /& ORF71,ORF82.ORF100.ORF122.0RF135 fl ORF141.
AT SIS AR SCHE R intron 19T T, SHIXSEAHSCHE N AT T RT-PCR 4)4T . K I B 4
GH15 J&4 W3275 10 min J& K]0 RNA BEATHEIH ek cDNA, DLHOWBAR, AIIX L8
W FAHSKIY ORFs 51 HEAT ZE K919 o 53 4073 0 LR B st RNA HIT GHIS 1) DNA 5
O IX LEA DG ORFs JEATH 4, AR5 LUAY 38 v Btk nlsl 2.6 T L, & R WIS T4
— AN FAHEER, BL cDNA FI DNA S STHH 58 H 6 v Bty N — 30, Biiix s
DR AP AT A 5 T IAEAE o 1 LA RNA KBRS e 189t 4% 417, U0 RNA 4775 4 DNA.

ORF71 ORF82 ORF100 ORF122 ORF135 ORF141

1 2 3 4 586 7 8 910 11 12131415 16 17 1819

26 AEFHIETE
Fig 2.6 Identification of the introns absence/presence
(1 k8 A marker; 2. 5. 8. 11. 14 F0 17 jkiELL GH15 #] DNA A#EHR; 3. 6. 9.
15 #0 18 jkiELL GH15 5 RNA BIREER =M AR 4. 7. 10, 16 #A 19 Jki& L
GHI15 #92 RNA A5
(Lane 1, molecular mass marker, with sizes given on the left; lane 2, 5, 8, 11, 14 and 17, PCR
product obtained by using primers on GH15 phage DNA respectively; lane 3, 6,9, 12,15 and 18,
RT-PCR product obtained by using primers on RNA isolated from GH15-infected cells 10-min
after infection respectively; lane 4, 7, 10, 13, 16 and 19, PCR product obtained by using primers
with RNA isolated from GH15-infected cells 10-min after infection respectively)
Bk, GHIS AR e T RN TR A L5 9 35 1A SR R XL I R AR e P
FIPERE, (HRAEN S FHALL R ER I B SR R P2 22 5. 1 2.7 XS T
BL AT 20bp Fr BGIEAT EEXS ISR o 1 T J0 i 8 R P IR AL T 265 — > A 35 T IE
AL A, BRI X % 21 ) Bl R R R AT R 20 o
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A (lysin, ORF71)

GH15:
K g

G1
812
ASW :
ISP
Sb-1 ¢
Twort :

GH15 : (et
K :

G1
812 :
ASW :
IsP
Sb1 : AC
ool L TCACG

Intron C-1

IR RN RN ]

Intron C-lII

C (large terminase, ORF82)

E (DNA helicase, ORF122)

an— 461

GH15:
K
G1
ASW :
ISP

Sb-1 :
Twort :

."—’fl'.—"'.—".—?ﬂl

Intein H-1

F (ribonucleotide reductase, ORF135)

Intron RR-II

2.7 ABFRENLA M EE PSR L3S 247

Fig 2.7 The nucleotide sequence alignment of the region surrounding the splice site of introns
Z HTHRIE Twort (/A S il R I8 [ BRI AE P A introns, {HA2 ABFITE S GHIS 9AH
RILRIFEAT EEXS 2307 2 J5 KN Twort XA BEPIEAFAE 53 4 —A intron, WK 2.8,
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Lysin (ORFT1)

GH15 sssssss-————aaseeee—

ORF30 ORF32 ;
K | I ]
Ll (ORF31)
DNA Polymerase (ORF141)
GH15 ]
ORF86 : ORF88 : ORF90
[ I ]
P-1 (ORF87) P-Il (ORF89)

Large Terminase Subunit (ORF82)
GH S | —

LT iORF31i

‘ORF151 - " ORF38 i
Twort | I I j

LT LT-Il (ORF9T)

Capsid Protein (ORF100)
GH15

ORF106
Twort =1l

pe—l——
c4 cl cli

DNA Helicase (ORF122)

ORF6

Ribonucleotide Reductase Large Subunit (ORF135)
GH15 [

i ORF45 ORF33 :  ORF118
Twort | ] [ 1| ]

; :
RR-l RR-ll (ORF52)

[ 2.8 GH15 5 K/Twort BEE K K & F 8 X £ F 89 tb 33
Fig 2.8 A schematic representation of several related genes of the phage GH15 and K/Twort
with introns and inteins
(The introns and inteins are indicated above or below the denoted ORFs in dark and lightly
shaded gray boxes, respectively)
2.3.6 WEHEE GHI5 SHERANLE
AT HE B E GHIS [ E AR oL, XL E 4T T SDS-PAGE A5t
Irire MILEME AT IR 5, I ST R AR BB T 13 AL
gt (UL 2.9), KLl h, RIRAEREET TR Hr, mEMEH T 10 MY
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FHOREE o Forh 3R 6 AN SR, At s IR 4 D A A Se 1 2B 1, WS IR [R ) ORF92;
912 NI A NASE AR T, AR ORF100; 55 1. 4. 7. 11 1 13 X TiANSKA
WRAURRIMMEE, HAP4A 1 XN ORFILT, SmiBWAHSCIRIEE N, 400 4 XN
ORF99, #uit - RMIE T, 4545 7 XN ORF114, 52 AT B AST1 MR A Ak gm s 236
FI1) gpl03 HAT S6%IMHEH:, 47 11 XY, ORF149, 44 13 Xf% ORF150; Jj4MiEf—
PR 4 3 WX ORF99, X HI g2 AT T MR 457 2 XY ORF110; 4kl
5 XfAY. ORF89, #itd i fLEH; 45417 9 YTV, ORF148, S53&pBkpmk 14 phiEF24C (1)
Ig-like £E FARILH 34%IAIJEE . B T ORF148-150, A4 HE A#AL T GH1S FEN 4
[ 25 K 20 B e

M GH15 Band
175 kDa—=—— -

B0 KDa—— s Es

—
58 kDa— E — 5

&..G
46 kDa—umn

B

8
30 kDa—

— —— O

25kDa—g o

—1
17 kDa—

—}

7 kDa— [

2.9 GH15 Z5#) & B8y SDS-PAGE 4 #f

Fig 2.9 SDS-PAGE electrophoresis of GH15 structural proteins

24 Wit

t

s

ARFATR GH1S5 4R AT TIE, I GHC%A 30.23%, I LRt
WK G+C% (32.9%) 1P, G+C%I1) 2 57 ] fit 4 3 S0V B A A e Hp T N ek
FRORI A E RS RSRO), AE GHIS fERAN X IR N FEAE GRS 4 A (RNA [RFEN, 55—
AMXHCh 14.8-15.7 kb, 7F ORF32 Fl ORF33 Z [AA7(E— A4t Met-rRNA [f3EH ;25 A

d

sy

X34 39.1-37.6 kb, 7E ORF73 | ORF74 Z[HIf£{En] L% Asp-tRNA. Phe-tRNA #i
pseudo-tRNA FFE[A . X L8 t(RNA JIAA7E 1] LLSRARMEE B AR 5 15 3 T8 2 18] G+HC% 72 ety K I it
BT, B AN (RNA (K X7 E T by, JAL B A2 R R R A, X
BVFRT LA GHIS S AT 2K R S SE DR 7410 8 n &2 iy L2100,

K225k 1 TIT RGBT A 1 S il A 2 5 W S DR T 772 0%, 534 Twort 7E L =
ANBEDR R REAEAE A A U0 RSO B TR K ) 7 A DGIE N 5 GHILS R AH B 3
PRI R B AR S I IS (>95%), fHJE GHIS AFAEATAT N T o FRHH GHIS BAT MR
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AR, RN R AR S AR 1 2 e

T3 70T LAZE RNA 5035 2 kIR0 T Al oreY, i g A 110 1 208 75 1
B A7 AE T B 1 1 i DR P 1) — e, LA TR A [N A W TR A 0 2 47 0,
CAT W TR WG B A KR Twort JEALH A7 4E TR 75710 TR #K K. Sb-1. ASW., ISP,
G1 1 812 (R4l S DNA ZE G B b 70 il A7 A6 — NP 25 1o T AE Twort G i A%
BRZIRIE I CZRTOEAEAE 2 AN A TFRD, AR NIRRT E S H S NS 1O K5
BA A 3IANE T IR (B 2 AWE T IR thAi /e & 1
SR SE Py F7 7 AR HNH BRI LR, AR F P& T A s RE S,
3% HNH AR N VI8 61 508 9 & FION IR ORI sE a8 B, — HUR R S
AL R A T RS, 1] LA B S0 57 A BT IIRE AT I B, i T T P
WG TR A G TR LR EEA T 11 Ll X T DS e T3 2 phy 57 7 ) SR 5 B D) DG 1 SR e 1Y,

MR R AR A AT 1O TG B PR (R AR R DNA R & il R A7 A8 1 25 15 i 12 o
A PR R RIS AS FAT RIS o 3K 26 A 55 AR AT PR BV T LA I e A T A S gl A T X Bt 1
R, T GHIS Z FTLLEAH REEN &1, ZBYERAETAS FIER. J14h Damell Fl
Doolittle 'V 42 H UL RIE RN )2 PBON G FIOER, X5 AWFTUIOHERS AR50
FAMTAHER I, 3 P92 70N BB IR LT LUt P 5 10 25 SR AR R 1 11
JiAh, KRZ WG FARSCIHHE AR R KPR R o X SRR AE AR EIE T 2 B — AN 3 i
REBA G FI0 T IR IR 5 IV cDNA KA T RSP,

AR TERREE R ZH v] DL A RIS A O kAT H G, e v LUl I “moron” R 3Rk 45,
ifif morons 5 FoAf AT AUHT T I E AR AR R LA K K GHCoe 22 52, BT ER 11 GHIS &
A (AN R 1 22 53 1 BEELA morons [RFAE, ‘BT AR 7T 2 GHILS 7 Sb-1 Al K (1Lt 3k
(ESADAIR

LR 4 B €037 2 BR IR TT DA A Sau3 A1 BRI A R, 4 Sau3ALl. BamHI.
Pvul fil Dpnl, ‘EATAT LIRS 5'-GATC-3'; 53 #M&E AT LG i —Ff ] LIRS 5-GGNCC-3')¥51
(R e 9 IO, 2 GHIS JENAL P g & A B 5-GATC-3'1 5-GGNCC-3'
(5-GGTCC-3', 5-GGGCC-3', 5-GGACC-3'fl 5'-GGCCC3") XULHFALF4. Kk, GHIS
AT LA R0 I8 E A 2 BRDR AR E KT B AL, X5 GHIS B i 5 302 B UIAH G

S, EARFE W ERBVER & phiEF24C-P2 [ 25 FCHF IR 7 P100 il AS11°°°M5 GHIS
(R A R RN B, (0 GHIS (¥ 2828 4 5503 J LA R B A (R AH N A 1 1A ) e, O

HIXEe i 5 32 200 A TAZ R AR R A IR e R K HE CORF82). RNA B4 s
(ORF106). fi#ligh (ORF122). #xii75§ (ORF123). #MAMVIME (ORF125). DNA
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BEAM)EE (ORF127). 5¥)EE (ORF129). fi# 2k (ORF133) Fl DNA % &1 (ORF141),
JITA I 6 2 0 2 W B AR A B Z0 I, T I T A P <A 0o A i), S B[R] £ 1 )
TEAEFR M GHI15 53X =AW AR BAG A, SR v fE 2 thAH R Ao AE 26 704k 1T R 1
2.5 /NG

2.5.1 WA GHIS (R DR 20 55 00 10 < 0 €0 36 467 TR T T 20 e 4 105 DR 2 FLAT o B2 11 1)
VETE, BT AR DI AL R R

2.5.2 5 GHI5 HA7 RIS 0k B A4 AR BE DR 20 p AT AE N5, B GHIS BT nl g g i 28 11
RIBEPRI P AFAE N & T RN AR B Rtk . 0 HTaR W], GHIS AR RERAET
NEFIEK.

2.53  {E GHIS P e [FIVE LR (A 2 R EVE 2k A, RIIBATTZ 18] R AR T K BUIR R
% .

2.5.4  GHI15 gifietz 008t 17 B BE DA 5 3 7 3K B W 147 /4 phiEF24C-P2 FI14= [CAT 11 W B4 14 P100
FIASTL DGR RV E, o e T2 1) AR G
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=8 RFE LysGHI15 1B RIE KAk A i

W AR GH1S HATIR %8 (R, SRR R HIVE )« AR E A BRIl S 4
fd, {H GHIS ZIGI e, AR At JE PR (6, 3k BRI T Wi B 7 GH1S 1)
BB o AN W T A P LSRR AN T AR LR R I A SRR, TR T
WA, AHECTENR AN, RN B AT SR N, BE RS BAANTEZ

Wk A P R PP I 2l A AT AR R R 2 R, RS A T R ORI, 1 2 2 v R 7K A
g 1O A g R PR AN TR A0 MR T R K RS . T LB R W AT A )
SR, 0T AN T R I L AT AR R AR, U LA AN B MY F IR, T DAAN 32 40 i e ) B 4
FH % 408 2 0 B A 5 R P S kAR AR S, R L AT LR LM R
L BRENTT A SEGERSUERAR, RAHU/ERIUERER, 2R 2, A
AR FtE, A EWHUATIE R TR 3, %0 T RSO Bk v 40 o B 1) o B2 ey, —
HGARARAEAT I, DRl TR T = A x e el ik 7

HIH, AN ORI T 0 TRk B AR R SRR, f4E: LysK, ClyS, MV-L, LysWMY
A1 OHS, {HE A MV-L #1 ClyS JEAT T4 A IRy 7 e 1100, ZERTmiAty, Bruas e
W GHIS of I PR 53 2 1R < 280 €0 6 2] TR AT IR L) 0 1) SRty P TR (R a4 R o b 17 3k
— R I SR N TS Ty, AEER GHIS BIZLREE LysGHI15 #E47T 1 26k, JHlid ik
P NI RIS B A S T A v g

31 MR
3.1 EERFH

ExTag~ dNTP. Xhol. BamHI (Takara); Ni-NTA (Qiagen); SDS. Tris. Glycine. IPTG
(Amresco); Ampicillin (5 25 £ 4110 2238147 B 2 7D s Tl (BD); il h (13 ); Peptone.

Yeast Extract (Oxoid); Imidazole (Apolo); Thrombin /#§ (Sigma); Superdex-200 (GE);
IR (Millipore); FURL/MERF G IRIAIMARF & (Axygen); 5149 (LHgET); iR
marker. # [ Jit marker (Takara); TRIZOL Reagent (Invitrogen, Milan, Italy); RevertAid™
M-MuLV Reverse Transcriptase (MBI Fermentas, Canada) Al oligo (dT);s; QuantiTect SYBR
Green PCR kit (Qiagen, Mississauga, Ontario, Canada) %.
3.1.2 EEFHESEK

pET15b (256 {#47); KHATE BL21 Codon Plus B2 A4 (SLI6=H14). K
FFE DHSaIESZ AN CRARAEA D i (ORI 4 BR B 7 Bk CARSER 4701, TEIE— 35,
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S AE AR ATCC25923. ATCC26003, KFF B ATCC25922 (4 || ATCC); 4 th 7]
ZEIERE CVCC2261, #EFKE CVCC606, YPITIKE CVCC541 () B r [H e 2 b s 52 )
Rt 2T B EATS, 98 v B AP B 43816 (A= LRAF ).
3.1.3 5|
lysF: CCG CTC GAG ATG GCT AAG ACT CAA GCA GAA
lysR: CGG GAT CCC TAT TTG AAT ACT CCC CAG GCA A
GAPDH_fw: TTC ACC ACC ATG GAG AAG GC
GAPDH_rv: GGC ATG GAC TGT GGT CAT GA
IL-6_fw: AAA GAG TTG TGC AAT GGC AAT T
IL-6_rv: CAG TTT GGT AGC ATC CAT CAT
IL-4 fw: AAT GTA CCA GGA GCC ATA TCC AC
IL-4 rv: TCA CTC TCT GTG GTG TTC TTC GT
INF-y_fw: AGC GGC TGA CTG AAC TCA GAT TGT AG
INF-y rv: GTC ACA GTT TTC AGC TGT ATA GGG
3.1.4 EBEUHF
PCR ¥ (BioRed, gradient-96); fH/Ki4y (L¥g—1E, DK-80); HbaURLIKIL (Jbit
N, DYY-6C); HE A& C1109B. 2L UERAEIR 1102C, ERUERARIR CEEEEWD:
A TY92-IIN CT#EH 25 SLAAHUKAY (BioRed, Mini4): #ERME RS (KAE,
1600); /NG AELLHL picol7 /NUAKHR E O ML pico22. & AR O ML Legend RT+
(Thermo); 4366+ Nanodrop-2000 (Thermo); #HlI#KAL ICE2 (Scotsman); £ )i 4tk
X Purifierl0 (GE); RT-PCR {X (ABI7500) %,
3.1.5  EFEH
PBS MK
137 mM NaCl, 2.7 mM KCI, 50 mM Na,HPO,, 10 mM KH,POy4, pH 1 7.4,
ST ISR
20 mM Tris-HCI (pH i 7.5), 500 mM NaCl,
Btk
(1) ik LB B57R5%E: Tryptone (10 g), Yeast Extract (5g), NaCl (10g), EAHZE 1L
Jii 120°C 5 287K 20 mine
(2) [H4k LB/BHI 773k ZEW{A LB/BHI JEat A Agar (15% M/V).
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3.2 ik
3.2.1 LysGHI5 fi&ik 54tk
LysGH15 RiEHE g
(D FHGI4 1ysF Fl lysR %} LysGH15 JE[KE4T PCR #7384, W ARR: 5 ul 1 2 mM
dNTP; 5 uL [ 10x KOD buffer; 2.5 pL £ 200 mM MgSOy4; 1 pL (I B RS54 (20
mM) % 1puL; 1 pL [ KOD #; 33.5 uL L& 77K RNZfF: 95°C 5min; 95°C 45,
60°C 45's, 68°C 2 min, 30 MEHL; 68°C 10 min; 4°C {47 HL Ik G AV [FGR 7 £
X H 457 BEAT A1
(2) XF#fk pET-15b FIFEK F B LysGH15 #E47 Xhol A1 BamHI PR TEBFEDIALEE,
SR BAR AN B AT O IR s
(3) FIH T4 FEREBEX A IR L (A A 5 IR Y BUUEAT 16°C &z, JHi IR~
3| DHS5a /#3224 i v ;
(4) AR e BERMREAT PCR %55, JFE— DT IT 40T, K36 A 5 $ K
AL,
(5) H Ry Lf (1 F B AR pET-15b-LysGH15 # N\ BL21 (Codon Plus) /#3224 -
LysGH15 [MRiE 54
T 37°C BRI IR AR R RAE LB i 9R kb 5598 0 B KA (ODgoo 29 0.6, 18
4°C WIEHIEHEBIA R, ZE N IPTG (ZR 0 1 mMD RN 25°C R T 5 T A&
ko
FIF Ni-NTA S (TR ET a4 . a: K5 AP FRE BRI 208, &
HIY PBS ZEiiia L b: KRR AR B0, BCETE: o A RIEFEA
Ni £, J6H1 % 20 mM BKME) PBS 5% 50 mM BKIE(¥) PBS 28303 % 50 mL 4y Aldk2s i A,
SR I 500 mM BRI PBS BEfli H 8 H .
3.2.2 LysGHI15 SR &4
REMEH pH (H
IS HE . 446l LysGH1S & A AN F] pH (1) buffer CKF 50 mM BATREAZE R 5
pH {11 4.0-6.0, ¥ PBS 2218 & pH A 7.0-9.0), SR JE K AN ] pH Al 22 414 R 1Y LysGH15
55 MRSA BRikk W3275 CKf ODgoo 4 1.2 Ai47) HHTFEAMIRA], JUE T 37°C /K4
H, 30 min JE I E SN ODgoo {H, 1 AH T FERIEZ BEHIAEIZ ST T LysGH15 2T
PSR, BRI h e S SR pH (B 5 SCA B AR pH fE.
REFHEE
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¢ MRSA bk W3275 5572 2o 804 K1, PBS ZZiPilik it Jo=ile, JH45 ODgoo 42
1.2 7ef5 o AT BAEAEH] pH AHZE B A1 (148 7 LysGH15 5 AbH 47 1) W3275 PRI, T
BT AR KBS 30 min, 4595 E ODgoo IEME, WM d5 i — 4L & A
AR IR .

3.2.3 LysGHI15 fRSMIE S Il &

LysGH15 767t - T AR 3R B8 )

TR TAE G o U E KR W3275 FIRAT 33 ST Rk T BHI B3R FAR
by BT R OB AR Sk B 13 6 TR EATHL, B 8lifk ) LysGHIS (40 pg/mL) 3 FfLH,
3 MR T PR T YBORN 25 3 AV R (T D O 7 A0 T R AN L A Dk g B, PR T TR T
37°C HRAR P HEIRIE R, IR SN BRI T A o

LysGH15 X £ KRZSH MRSA #1875 il 2

¥ W3275 T BHL AR IR IE PR IR 20 B E K] (ODgoo 29 0.8), #RJ5H LysGH15
N R P GRS RTE (RT3 10 pg/mL, 40 pg/mL A1 100 pg/mL), fERXFIE, 5
HRPIALSY BN PO K ) LysGHI5 (100 pg/mL) 555rE (¥ BHI B553E, SR Jm K T i 4k 42
A 37°C fHIRSR IR TGRS AR KA B

LysGH15 ZA#1E% K i L I 2

¥ 53 PRGSO AT BRI (24 Fk MRSA, 29 ¥k MSSA) K KA ATCC25922, #fEEk
CVCC606. YW TICH CVCC54. Fi¥ 2 fbF B EA751 i 58 58 84111 43816 43 Ml kAT H;
I, BREUERKIE ] PBS G2t T vevR, K BRI BE T 2 ODgoo N 1.2 I LERG
LI E T ARIRAS N I B, ARl LysGHIS 0B BN Bh, 29k
¥4 40 pg/mL, JAN 37°C /K8 AP ERE 30 min, FUCHIE W ORI A B, BOE TR
PN LysGHIS i Ji5 40 B 1 ok />
3.2.4 LysGHI15 1k &I &

A S0 T /N U8 S MEE BALB/e /IR, 1T 20~22 g (8 B 12 JEES), A EMK
PR, RARE 5 . PrERCY MRSA Btk YB57,

/NS MRSA B MUAEARE R (1) B 37

¥ YBS7 Hifr a0 BRI, ] PBS YERRIE & WE 6 4L i 5 AN
S AE LN BB — DU R 56 YBST B 7x10°, 7107, 7x10°%, 7x10° Fl 7x10" cfu fH# &,
Tl Ax 1 AR R B A R RN B E A T Pk e R AT, A
SN RAEREIRAS, K 7 H A AR AT A AL ¥ 41 B8 77 o ok e/ BUE T (MLD).

LysGH15 /s BB ILAE R /MEITHIE (MPD) [RHllE
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i T YBS7 WG BALB/c /MR MLD 2 J5, LA 2x MLD (56 /N BT i —
0T8T, B 2 B TR0 2 /) BR8P 0 T 1) o 4/ BT 9 (R T B 31 10 efw/mL 2 )5
22N BRI 6 53— D 5 LysGHIS HEATRYT » LysGHIS [ BE 5 AN, 2 582: 0 pg,
5ug, 10 ug, 50 pg A1 100 pg. #§ 100 pg K LysGH15 HEHATIASE, SRR, 5
HMEE— RN RS SR LysGHIS (200 pg)o FEANGBEE AN EE, SR WA
/N EUREH PAE TR MR EOR, 30 d JE e BEALINAAR %o IS AETE %0 100%[K 7677 711
HAfi2 o LysGHIS ) MPD.,

7E LysGHI15 [f) MPD FHiGY7 IGO0 R, shaS kil B i Ay CRI 120 h) - FTELE
PRI 24h) (BRSO N BRI AR S OIS FERFIKCREE, A5 LRk f5
WsE B s MRERE S FETCTR A AT AR BUS U T, BTS2 5 65 LUARRE e TR 2
=

LysGHI15 J857 /I S5 MUAE L FE H 4 PR R F TL-6.  TL-4 1 INF-y #3%K -0 &

Ty AN E S (R SR EE RNA, 83T real-time PCR 5% H; IL-6.IL-4 Al INF-y ) mRNA
/Ko FIH TRIZOL V42 HUBAE R S RNA: FIH S sl ) &% RNA S5k cDNA; 4R
J5i LA cDNA AFEHHEAT real-time PCR; W45 2E4T 7047, Real-time PCR RI41RE: SOV K
500 nM [KJ514, 1 uL () cDNA, 2x QuantiTect SYBR green PCR mastermix, JI/K % 25 uL.
SV 4 AT 95°C A8k 10 min, 95°C A8PE 15's, 60°C IRk 45 s, HEAT 45 MG, A KW
FEMIR.

¥ GAPDH fENWZMNZ, W&kt thze . #K 4% T GAPDH HJ fold
increase/decrease & s H ALK R S o BEMEE ST 88 1P BB A IR A (CO
(W5 idalse s K B L Ct {5 GAPDH (¥ Ct {2 (DCO Xt H AL Rk &t
ITHIRE R, T mRNA RN 2P KR,

33 &R

3.3.1 LysGHI5 iRk 54k
Wit PCR. BEOIAIIF%E (B 3.0, #ie sIhi i 7 RKIA A& pET15b-LysGH15 LA
Y& L B
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[ 3.1 ZLREE LysGH15 ER M 8 5 RIABIKLEE
Fig 3.1 Amplification and expression vectors identification of LysGH15 gene

LysGH15 £ [F 4/ #%; M: marker; 2: pET15b-LysGH15 ${AWEEILE; 3: #

(1:
AR BRERYIEE)

(1: LysGH15 amplification; M: marker; 2: vector digestion with two enzymes; 3: vector
digestion with one enzyme)
X R I I B REEAT 25°C (R E P AIRIL, i REHZE A wRis. Wi
Ni-NTA SERUZHT I 463 21 T LysGH1S B (K 3.2), MEE R )G, -80°C &

fr# M
1 2 3 4 M
rs .. 97200
— / 66400
—

E, 44300
—

' © 29000

20100

Sl
' . 14300

& 3.2 LysGHI5 BhRiE 54k

Fig 3.2 The expression and purification of LysGH15
HEERR: 2: FSREENBERRK: 3: FRREEWEBEL

(1: RiFESFRIEH
& 4: 41LBY LysGH15; M: marker)

(1: uninduced E. coli cells; 2: E. coli induced with IPTG; 3: supernatant of the induced cells

after crushing; 4: the purified LysGH15 fraction; M: molecular mass marker.)

70



3.3.2 LysGHIS BHAERH &40 &

T BERR SIS R W] LysGHIS 7E 15~40°C %A1 R8I LE W] S i 2 v 1, 243k
37°C JeAT I R BN Sk (R 2t (&1 3.3). pH (EBAEE 5206 R W] LysGHI15 {E pH {i N
5.0~8.0 YO FHI, FRILH B MRMEGE, 4 pH HN 6.0~7.0 BVGMi M. Fik, JFEgE
SCUG 4R ] 37°C A1 PBS 250 AR (pHAE 7.3),

o g
z mf z 60
£ i/_,_/——i\ g
g o V. Z
E s 40
. p i P
E s g 5
£ n /i/ E -
o e L E 1
2 al e, 8

o 10 m 0 w© 50 50 0 4 5 6 7 8 9 10
T(O) pH

3.3 LysGHI5 EERRESREEA pH E
Fig 3.3 The optional functional temperature and pH of LysGH15
(Percent reduction in the turbidity of a MRSA W3275 suspension after treatment with 40
pg/mL lysin for 30 min. left: the pH profile of LysGH15 activity; right: temperature profile of
lysin activity)
3.3.3  LysGHI15 #SM RS I E
LysGH15 764 _E T A& 68
SR LysGHIS (40 pg/mL) 7E 37°C 45448 N AJLATEIRAi 7 MRSA B A% 1 [ 4 BHI
BRI AR BT U] B AR A (1 3.4) . BEHIAIALR) LysGHIS X< o 03 46 BR I3 B AT (2
F I (FRMREI AR, FEEHTT IR 1, LysGHIS 7> 1 & 54
kDa, (ERARIREETARLY HG 2, AETHRITCHBAIAE T, LysGHIS AREAE A 1
I

3.4 LysGH15 #£ 4R LRI = EFE
Fig 3.4 The bactericidal activity of LysGH15 on the plate
LysGH15 XX $4 K MRSA #Z#1FH
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SEUG WY LysGH15 TAFWEE A 40 pg/mL A1 100 pg/mL I, AJ DL 34 KIWPRA T
FREEHIR I MRSA S22k (W 3.5). GRS LysGHI5 (10 pg/mL) IIAYILAIN A LA
AR VR0 REAE — e R AR, (HURBEABE IR AREE, BB TTHCKIT K LysGH15

(100 pg/mL) 584 NI HX BB A ARG A - -
il & c@a\
e &

)
Py

&

Y &
=)
S

3.5 LysGH15 ¥4 <8 MRSA B9HI =&
Fig 3.5 The bactericidal activity of LysGH15 to log-phase MRSA

LysGH15 Z2E 1% K 27 v il 52

R TE SR W] LysGH1S 0F <5 (07 2 BR B A I E e e M AR S8 1, 0 R
BERRER . VDT TICT AlEZF FRURT BRI 28 5o 7 A i AN AT B . LysGHIS W) LA 2001
FUR AT 24 Bk MRSA T#FE. 18 ¥k (18/29) MSSA Btk (18 3.6). % MRSA RikEILH
—EMmIEYE, ATLLE MRSA BRI log {5734 R 5.4<1.1, 1 MSSA WK log {H AL R4
ik 3.9+2.8.

8 -
"'l'_
.—\6_
ESt
24
=2
=37
2_
1t
(1]
S & M = e = e w 2 = w8 T s MO WM ®® D Y D
awhu——sa—mmagve\w & - = & & ® F
Iﬂzle:g-mme‘ o 1 hr - A > B -
] L] = u - X e e 9 o™ o o e %
= = & =4 2 & X &£ R - -
10
9
8
= 7
g&
= 5
;;4
3
2
1
0
22 TR IEE SRR - L z SFEFEFZzZz2%2°
B

CVCC2261
ATCC25923
w4727
ATCC26003
W4661

3.6 LysGH15 ¥ MRSA (E) FAMSSA () BOHIE L
Fig 3.6 The lytic spectrum of LysGH15 to MRSA (up) and MSSA (down)
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(LysGH15 {£ FH 922K E /7 40 pg/mL, 1EA 30 min, B EEHERR{ER LysGHIS
HREENEE
(LysGHI15 exerted specific killing of S. aureus. Log-phase cultures of different bacteria

were exposed to LysGH15 [finally concentration, 40 ug/mL] for 30 min.)
3.3.4 LysGHI5 & 3@ 5N &

/NFURR G MRSA B I E R R ) e 57

S R W] 0N UG 7x10° A1 7x10" cfu BRI YB57 I, 7 H A a] LUE/N UK
BETHIEE) 100%, MTEES 7x10° cfu BER 7 H N ZET RN 60%, RILHIE YBS7 M/
BUEF R 73107 cfue Jo S5zt /) B I B0 B 2 4 2x MLD.

LysGH15 /] B B MILAE B /MG 7 7= i Il se

K/ BUB 0BT 2x MLD, - Th i KA/ BUR R ILRE , 2 DL A 1) BT i A 5 5.4%10°
cfu/mL, FHLNH/N R CER R 25K, AT RMAeRE, JFBAE 3 d ERisir:. K
BE, VRYT SRR Th JSRET . fEVRYT SRR, M IE RS LysGHIS (52 10 pg i, X
AN RS F AT LLL B 40%, 149697 R 250 g WA R AT LLA ] 100% (18 3.7).
M LysGHIS (100 pg) ARERILHAEMT GRS ER . 0H BN B IEEST 200 pg (1
LysGH15, /MUK HAEREIR

80

Survival (%o)
2

‘

Days after injection
3.7 LysGH15 XJ B&E YB57 &b F ® MLAEAR 7SN R BOIA 7T
Fig 3.7 Rescue of mice from lethal MRSA YBS57 infection by LysGH15
(o: SBFTFIE A S0 ug: A: JBIFFIEHN 10 pg;: m: SAFFFIEN 5 ug: o: 5 buffer,
{EAXTERD
Mice were inoculated i.p. with 2x MLD YB57. One hour later, 50 pg (black diamond), 10
ug (black triangles), or 5 pg of lysin (black squares) were injected into the mouse peritoneal

cavity. Control mice (white squares) were treated with elution buffer under the same conditions.
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75 LysGH15 1) MPD FIEIAIT I B0, 6t/ BRI P B HEAT (K Sh 2R R AT J5
[13 2 b, /N BURLIR A A B 50 T 10° ofw/mL, AR EEAYATT AL /N BRI T 4 4 log BpiC
3.8). /AN SUMULE Py B (O R B IG5 S b, 36T LR P9 IR REAT EL AR AL R T 3
N log Hfr, #|24h %z&@iﬂ%ﬁéﬂﬂaﬁﬁﬁog

8
10 /l
74 o L
-
-
—
d * ) //’ll/
A -
_ - — 1 —
20 5 — n
& =] iz’
= |9
g L—"r 4 -
g 2 .
o 44 - 349 ™ .
2 .
21
0 0 . ’ ;
0 6 12 18 24
Time after mjection (h) Time after injection (h)

3.8 LysGH15 X & IMAE/NGR A A MRSA BB BE
Fig 3.8 The colony count of blood and spleen samples at regular intervals
ZE: LysGHI5 X% NMEER (BEIRTAETENAR/NRDGENAESELTWL,
HeRRARNETENARNRLBENESELL); AE: LysGHIS ¥ 2RE A EE
M (miRRAARTENRBENEETH, ARTATNETHNRBIERIETNW.
Left: At the indicated times, bacterial counts (cfu/mL) in five mice either treated with 50 pg of
LysGH15 (black symbols) or buffer (white symbols) were determined from peripheral blood
samples (10 pL) taken from the caudal vein. Every line of black or white symbols represents the
bacterial counts of a single mouse treated with lysin or buffer.Right: The quantity of bacteria
(logjo CFU/g) was measured by colony count in the spleens of mice with YB57 infection
(1.4x10'" CFU/mouse) treated with 50 pg LysGH15 (m) or elution buffer (A ) at indicated times.
LysGH15 97 /> BB MUAE L AR R M T TL-6. IL-4 1 INF-y 3% /K il €
PERUBAT I 5 RNA, Xf IL-6.IL-4 Al INF-y [ mRNA 7KF-1#E47 T real-time PCR il 5 (
3.9). [l e /N SRR S E ST 50 pg 19 LysGHI1S 4151, 5 AR B /N AL, BEA R3] IL-64
IL-4 F1 INF-y ) mRNA 7K W 02840 BOR ARG 4/ AR A ) IL-6. IL-4 F1 INF-y
(1) mRNA 7KV 2T mads, 224 h IL-6 AT w1 8 %, IL-4 Fhm 1 2 %, INF-y
THE T 5% BOARIRIT AL/ RAR A IL-6. IL-4 Fl INF-y [ mRNA P IF4R ST Ry,
12 h AT RLE Rl 2 a2 PRS2 24 h IR B)IEH K-
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£ /'L . e : &
= 54 \\A/ 14
S
I~
L & - —
K . —|
0 T T T T
0 6 12 18 24
Time after injection (h) Time after injection (h)
C*
20 4 ‘
N
2 15 /
% ]
= /
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3.9 #IHA LysGH15 (50 ug//IR) JATTRTARMA IL-6. IL-4. IFN-y mRNA K E
Fig 3.9 The IL-6, IL-4 , and IFN-y mRNA levels in the spleen tissues of mice
e: 50 ug/mouse iAfT4H; A: WHEIEARATTH; w: EE/INR. WSH GAPDH.
The mRNA levels in the spleen tissues of mice were analyzed by real-time RT-PCR within
24 h after i.p. injection of mice (3 mice/group) with LysGH15 alone (50 pg/mouse) (o), YB57
alone (2x MLD per mouse) (A ), or YB57 (2x MLD per mouse) and LysGH15 (50 ug/mouse)

concurrently (m).
34 itg

B TR T A 2 B I DR 3R 2, A WA AT Al T R R R 45, X BT
Aok e 22 B AU A0 AT L PO TR RS 3 TR 5 Wk S  RT ZH 08 N 0 1 3 4 A DX 9 0 R
(RIRE ) s W B ARHEAT A A« R0 R o6 1 B LI R BE 0+ A IR 40 1 4 e
TR AR B AATRL K R ) o DRLG, SE SR UG, BT/ LT R BRI R 3, 2l 1 2R
T T ORISR B AT 1 2 . ASEIO T, LysGHIS BPRINH LW & GH1S B % (1%
figte, U T2 (K 9T MRSA BRRRELAT w8 iR 4 — [r 84t

WAL, FREET C i DT LURE SR 0 45 S0 40 08 A0 i BE 1R IR i b G
HERERP T, LS B AR RS Ll DL SR i N ik, %R

75



GHI15 % MRSA F1 MSSA iR ECRZE e, A1 EE 5 LysGHI5 AH45 & BRI
IR B A B B 4 LI 255, MRSA 5 LysGHI5 [F36EHM N %% T MSSA X}
LysGH15 (SRR . LysGHLS [rIZAR TS 4 50 (M A Bk B B (ke el AN L
ERM GG, DRIEAN S 5L IR LE 5 AR, 7E 42 ) B (7 3 280 R B Jy T R L ARK
N2

MRSA [FE LA LI N4 o P51 TIL-64 IL-4 A1 INF-y [f] mRNA 7K, 0] 20 fe v R
HEE PO fEIX A, ARG RS 2 A AOE R AR P20 TR, RPN
T 11 mRNA JKFFH R 2, 3X 5 LysGH1S b 4fl g 1) PR 24 AH — B0, AR T BE & B T~ LysGH15
N B A 0 R (R DR R, S T ORI A AR (AREERD IR, NI S B M R
ACPITHRE P2 G (o R AT BR TR R IR . I Bl BERR R A 2 223 1) DL [T X 26 i [N
FACE TR FEIRT IR WX =AM DR 7K P (BRG] )2 TR A g R4
HERERTSRE . 5ZAL, AR 4 AN ZER 7 mRNA K SRR ma sy,
BT J4h, HIEFE N ARG, S0 e g e/ UK TS LysGHIS 307 5 | iERix s 4¢
KiER T mRNA K281 .

£ b, LysGHIS X4 ip, JUIx MRSA HATT %, w3 iimtE, RIHEKXM
I Sy e A4 LysGHIS & il R FE s REmsvE vk 2 AR LR mfr 2 Havhk, BEA
A1 WG 4 5 257 R T R A SR AR A FE LA PR F 0 o B AR A 0 Wk A 2R 4t 1) 1 T L
H CATHRGE, (Ml T LysGHIS IWEIER)F I S5 2 ZEm KR, KEdirs%. Hirid
AR FIRL S5 e J VR e AT e = e gk . DRIk, A T I LysGH1S (#9958 FILI,
A T UKD 4 R R R AR — ARG A IR T, R TR LysGHIS 1 = 4E45 1
BEAT M
3.5 /N

3.5.01  RINRIE T BATARBEEVE M LysGHIS, Fse A HI pHAE A 7.0 e HEAE IR 0 37°C.

3.52 LysGH15 UL ELMR TR GHIS 95 10 A8 v A0 S8 I s 24 R BRI 1E, JCIERT MRSA
TR R 2% TR PR AR 3 5 o

3.53  —XPEN ] 50 ng 19 LysGHIS R ) DAY 84 ) DR T MREDR S RO/ B 044 P FR) T
FRRVPR N B, TR R e 5 RS ) A IR 77K P T
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PEIUE  ZUEES LysGH15 =445 H T

AR Sy TR AR R B LA nm BJLEAS nm, SRS FRUE T AWK 71
TEWs o H RTIE AR —Fb I AT DA Sk B (L0 2 1 0437+ 7 5 Jir 7 5 B 7 22
i, BRI, SR GITR T 2ROk MR it A R oy i =4 s . H
AR ik, WRFCER R = R A R (K 7 i g X2k % (Xoray crystallography).
i L PR B R (nuclear magnetic resonance, NMR ). ¥4 1% H T i #8372 (cryoelectron
microscopy, Cryo-EM). /MU (small angel X-ray scattering, SAXS). H7#14 (neutron
diffraction, ND) LM 1 J7 B1%% (atomic force microscopy, ATM) %5, o, R
AR XS RS A R IR R4y S RS B T B — . BT IS 5 R4
B H PR SURIE A ISR, AN TR FRRFF 00 5 T B 4 4 S B A U R AN IR (K 7 ik B
U NMR P BOE AT /N AEERT B RR 8 AN 5 4 8 1 L C— % 10-20 kDa)
DK R 1 5 L o R EL AR A S ROBAAIE s T VAV P BB LS A T A i
AR GEH KT 400 kDa) SeHEMIE e o128 W AN RS (R 45 e o PRI 7 B2 L ARt 1 L A
ST, B EANIF R VR HANIEAT o

R 22 50 VR PRSP 1) B 1 5 ) AT 000, LR AN 18T (¥ 2 1 FDL IR AR
SR T 405 5 2 R A W AT R AR I 1) B 0 500 I R RGO, L LR s W v A
M BB P41 22 5 KK, VAT 5% . B 50 40 i1 B LysGH1S 5 A1 e 4
O T ] R T G R AR AT (K R A AR, DR R AR A AT U . S 4
LysGH15 X 4 B (A 45 ER 1 O MRSA) I H AR5 PO 24 gt vty M R 58 (024 A%, TR0,
ST L = A 5 ) o B P PRI Al R 38 S0, T 4 A e 4 T K e
PRSI 1) 5 A AT S AL T 1) 2 2% R A

AT 4K LysGHIS (K185 [ 5 = 4k S5 TIRNT, (HR UG ARG R (1
PRIl SAXS 43#T, 345G T LysGHI15 fEVBOIRA T IR T 45 /B8, I e A linkers
PR AN ARK T BRI ZE AL, AR RV E I, MR, IR A TR A B 1
AR LR BRI o Rk, S5 SR LysGH15 =AML/ Bes 1 IR R4 ik 4 7
B TR XA 2 i A2 R R R B AT 0 = e G5 M AT T T, S E—2B 05115
FHBLHIIE SR A Sl R Al
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4.1 #MEl
4.1.1 FERF

KOD-plus DNA %4 (H A Toyobo Z27]); Ndel. Xhol. Dpnl. Sspl (NEB); T4 DNA
Polymerase (Novagen); dCTP. dGTP (Promega); Ni-NTA (Qiagen); EDTA. Urea. SDS,
Tris+ Glycine.IPTG(Amresco); 4 marker. £ [1)3T marker(Takara); Ampicillin, Kanamycin

CEZHEE b 22T B A 7DD s Bl (BD ) B IEHE (3 ); Peptone. Yeast Extract (Oxoid);
Imidazole (Apolo); Superdex-200 (GE); Se-Methionine (1R J&); TEV M (ASZE %]
s FaRFORL 32 B VA R A ) s R R (Millipore); £ 145 il i g i 571 & Wizard 1.
II. III. IV (Emerald), Screen. Screen 2. PEG. PEG 2. Index (Hampton); fifA&fLibAH
KX (Hamptonresearch A Sigma. fVHER A F] s o/ EFI G IR PIGRF &

(Omega); % IK“AGGGGG 159 L T.); ammonium chloride( N, 99% )l D-Glucose

(U-"C6, 99%) ¥ 1 Cambridge Isotope Laboratories, Inc..

4.12 EEFHSEK

pET-26b; LIC & FH#ifk pMCSG7 (3 [HB A JS I K i =424t K# B BL21 (DE3)
BEZEM . KA DHSaBAZ A4 CRIBAALD .

413 519

lysGH15_fw: GGG AAT TCC ATA TGG CTA AGA CTC AAG CAG AA

lysGH15 rv: CCG CTC GAG TTT GAA TAC TCC CCA GGC AA

CHAP_fw: TAC TTC CAATCC AAT GCT ATG GCT AAG ACT CAA GCA GAA

CHAP rv: TTATCC ACT TCC AAT GTT ATG CTT TTA CAG GTATCT CAAT

Amidase-2_ fw: TAC TTC CAA TCC AAT GCT GCA GGA ACT ACT GTT AAAAAA

Amidase-2_rv: TTA TCC ACT TCC AAT GTTACT TTT TCC AAG AGC CTG TTAC

SH3b_fw: TAC TTC CAA TCC AAT GCT AAA AAC TAC ATG GAT AAA GGA

SH3b rv: TTATCC ACT TCC AAT GTT ACT ATT TGA ATA CTC CCCAGG C
414 TEE

PCR {X#% (BioRed, gradient-96); fHIE/K#4y ( Lifg—1H, DK-80); Eh=UrEIKIC (b
N, DYY-6C); i #EAE & C1109B, MLaUIHIRARIR 1102C CRig&ERD: U 2
K innova44 (Eppendorf); 5 R TY92-IIN (=38 2); . aU kX (BioRed, Minid);
B HUE R CRAE, 1600); /NUEIEOHL picol 7. NREAVRE DL pico22. & XA

2L Legend RT+ (Thermo); 43 Y6 /6% 1T Nanodrop2000 (Thermo); {5 2% & il 8
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SMZ1500 (Nikon); 73/ 20l CR22GIT. KA EA 25000l CR7 (Hitachi); 4l
/KA AcademicQ (Millipore); fHl#KHL ICE2 (Scotsman); & [k 2575 K 14 #% MLS-3780 (Sanyo);
A 44 Purifier10 (GE); X-SFZEATHHX MicroMax CCDO007 (Rigaku); J3 #7783 250
Bl ProteomeLab XL-I-2 (Backman); £t it4h @il A Mosquito (TTP Lab Tech); 600 MHz
NMR spectrometer( Agilent DD2); ICP-AES( Varian, VISTA-MPX); 7347 3 2500 #/1 ( Beckman
XL-DD %,
4.1.5 WRFHCH
PBS MK
137 mM NaCl, 2.7 mM KCI, 50 mM Na,HPO,, 10 mM KH,PO,4, pH {H 7.4.
ST IR
(1) LysGH15: 20 mM Tris-HC1 (pH {H 7.5), 500 mM NaCl;
(2) CHAP #l amidase-2: 20 mM Tris-HCl (pHH 7.5), 150 mM NaCl;
(3) SH3b: 40 mM NasPO,, 50 mM NaCl, pH 1l 6.5.
Bk
(1) ¥l M9 973 NH,Cl (1), Na,HPO,H,0 (12.8 g), NaCl (0.5¢g), KH,PO,
(3g), ERZE IL JG 120°C ik 247K E 20 min.
(2) PN RI/ER PC bR M9 i3RI K E M9 B FRIET ) NH,CL 0k PN AR
ff) NH,Cl, A K MgSO, (1 mMD FITCH JEMEE JE M PC bRt 20 (0.2% M/V).
(3) WA M9 K 7edk: fEim MO B IR P M AL JEBR B 408 (0.2% M/V) Al
A IR 28 (25 mg/mL), LLACKEE T MgSO4 (1 mMD.
42 HiE
4.2.1 42K LysGH15 & A4 &M% 544
B TAE b RIA A N I His bR2510 LysGHLS A FEMRILG, FasE PRIk A3 245 &
(4t R et 7 HAT C i His () LysGHI5, e thfa sl 1ok, Mg g ik
PEREAT I B0 1 R 5347 o
LysGH15 fRIE 54k
(D RHG19) lysGH15_fw Fil lysGH15 rv X LysGH15 JE K47 PCR § 18, e NAA R
dNTP (2mM) 5 pL; 10x KOD buffer 5 uL; MgSO4 (200 mM) 2.5 uL; #HK 1 uL; .
TSI (20 mM) %% 1 uL; KOD fiff 1 pL; £817/K 33.5 uL. &MN4PF: 95°C 5 min;
95°C 455, 60°C45s, 68°C 2min, 30 MEH; 68°C 10 min; 4°C fRA7. HLIKEF VIR
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IR AR Gnt H R 45t BEAT IR
(2) Xk AR pET-26b FIFE K B LysGH15 #E4T Ndel A1 Xhol (1) B il g ) 4b £,
SV IEMNERIE Sis i Einvl ) EILE
(3) AL FRAF PR A B D Jy BREAT e, I Ak B DHS a2 A5 4
(4) XFIELF RIS T PCR %08, FEHE— B M T I 047
(5) ¥ IEHIRIEH AR pET-26b-LysGH15 # A\ BL21 (DE3) [&Z&41, KRG
HATEARES (PTG Z9KFEEN 0.2 mM) MR
(6) FIHI Ni-NTA 8 HBEAT SR MZ 24k : 7 20 mM BRI 5 50 mM BRI buffer
FPEARHEE 1 S0 mL, % 500 mM KM buffer EIE H R8T 15 mL;
(7) Kotk LysGH1S BEATHRZE A buffer, SR J5FIH 7105 ZHT 3R HE 53— 1)
LysGH15 Fff, i e WK EE, -80°C fRAF4H .
R e gt ped
& A IR R 3 SR P R AR R o B Al L (1 LysGHILS A% 0 30 mg/mL.
20 mg/mL 1 10 mg/mL, FIH mosquito difAdEIENLEF NEATINFE, H 0.2 pL ) LysGH15
FEMAT 0.2 pL 1R 45 i TR it v A W A TR A, WA 100 uL KRB 1) 96 fL Ak A4
FRIEAR b, TERZRTY BUSIOR S o B A FR AT ) o AT IR AR 5 A 16°C TER 351N, S5 4
AT o
LysGH15 ] SAXS 4347
¥ LysGHIS FIRE M4 9 mg/mL. 5 mg/mL fl 2.5 mg/mL, ¥%ifi# buffer 4 20 mM Tris,
500 mM NaCl, 5% Glycerin, pHfH 7.5, Ff &b %1% 336 B AR 240 7oA K e %, R
SIBYLS JtW#EAT SAXS itk . X = MKREZHIE HAE 10°C 5 N7 0.5s, 1s M6
M5E . 76 0.01 £ 0.3 A-1 JEHEINX Q i (Q = 4msin®/A, 20 AEHUN ) HEATHURBRE 1(Q)
TE o AR S RIME AT 728, I8 2% buffer IR EAE, MBI gk, K5
SEAN IR A3 B 10 2 4 IR EAT o T AT 28, P2 A P U 2k . T Guinier plot
analysis H1 ) PRIMUS #{E5H A1 R AT/ P21 R GNOM FEJF54 P(r) 43 A 6 %k
BEAT TS24, dad 78 W3 http://www.if sc.usp.br/~saxs/saxsmow.html 474315 B 4 P(r) B 1%
AT AL PR A2 T4 PP BT GASBOR X P(r) 7341 £k #EAT /04T, $RAHIT 5> 75
5 TR
4.2.2 CHAP F B ISR
SN CHAP J BUlEAT TRy, 34 T ¥R E () CHAP &1, JFIRIE AL i B
SiEMAT, BT CHAP Jy By 415 PDB ¥l e rh O 45 M RIEVE ORI (<30 %), A
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WER T FRAFARAL, 6F CHAP BEAT 1A 46 &, S5 ld AR X SR S fim s e = 4 45 4
HEAT T AR AT o
CHAP A BRIk 544k
(1) 514 CHAP_fw fil CHAP rv %t CHAP JE[RI#E{T PCR 14, WAk &: dNTP
(2mM) 5puL; 10x KOD buffer 5 uL; MgSO4 (200 mM) 2.5 uL; #i 1 ul; L. Fiff
519 (20 mM) £ 1 uL; KOD M 1 pL; 2851 7K 33.5 uLo KMN4F: 95°C 5 min; 95°C 45
s, 60°C 45's, 68°C 1 min, 30 MMfEH; 68°C 10 min; 4°C {47, HLIKJG A VI FIGR A
oo H 4 e EAT IR
(2) XFFRIEFAR pMCSGT ) LIC L& EAbALEE: 1 pL Sspl fiff; 200 ng Zf4; 4 uL 10x
buffer; 1 uL dGTP (100 mM); 2 uL DTT (100 mM), M2 17K % 40 pL. SHHE B
CHAP #E4T LIC 4t2E: 200 ng PCR =45 4 uL 10x buffer; 1 uL dCTP (100 mM); 2 uL
DTT; | pL T4, MBI F/KE 40 uL. 851G 37°C VERIRER, 5 RN~ aEA T Hi ik,
[l H 1 R BLs
(3) XA B4 SR 7 BedEATIERE : 5 1 uL LIC AL PEfK) pMCSGT KA 4 pL
LIC ALBE ) CHAP SEPS F BURA, BTN 30 mine SR/ E W) 4k 3] DHS o/
A
(4) XFIELF RS T PCR %08, FEHE—BHAT I 047
(5) ¥ %€ IEHAI) R I Bk pMCSG7-CHAP #: A BL21 (DE3) &2 &40, ARGk
ITHEKTS (PTG Z9KJEH 0.2 mM) FIKIE;
(6) FIHI Ni-NTA 8 HBEAT SR RUZ A2k : 7 20 mM BRI 2 50 mM BRI buffer
S AITEAREE A 50 mL, 75 500 mM BKMEF) buffer YEME H & 15 mL, K4lifbif) CHAP i
AT R R buffer bR 0KME, I TEV B, 76 16°C BRI A, AR5 0 Ni kE. Wi
T
(7) WY 2h7%E0) CHAP B ARATIRGT, AR5 R 43 10 ANk M iy — i 8
R, AR I B IR, -80°C LRAF%H o
CHAP K Bt AUC 4 #f7
# CHAP 5 [IFE 5L IF) ODasgo 4 0.75, buffer & 20 mM Tris A1 150 mM NaCl (pH 1# 4
7.5) 0 WOZFEM K ARRE buffer 400 pL 73 73 AT SR B AN INFERE 1, ] An-60 Ti %1
HEAT AP BRI 5L, 7 20°C 262,000 xg B3 R SCEERF b 19 280 nm WU e A 807 £
HIH] SEDFIT AT BEAT AL BFN 7347 o
CHAP J1B&5 R &MEIIfHE

‘

o

81



2\ AR RO B3 SR P B S 07k . R F) LysGHIS R 1 S AR () 9 i o

CHAP J B4 f A Ak

FIH Grid Screen J7 20 Wi 45 Sl I A AFBEATARA o [T ETARR J3E 2 2 8 — A B3 OO IR
(— Ot pH A RITIE R AT B EICHD , [e L sy, 76— 4ERiRE ot 25 &

PEREATARAL, TR 85 R EAN R B, AT DAkt i (A 8 A A
CHAP Ji B native SR BB W E S 547

KA 10 B AR DROAR R EA T VR A7, FORAE THRA . 78 BE BL17UL 2l
FIH ADSC Q315 CCD £RMIFS7E 100 K 4548 F XA R AR T XS ERATIH, AT AR rIAL
B USSR RS, DA AR IO S i . RIH XPDF SPERf e IEA A 25 B, A B
HKL2000 A0S SR B g A TFR 2l . B oRpiE .

i{R- (Se-) CHAP H BtHI4ith 545 &

K547 FURL pMCSGT-CHAP [ IA BIARERN ] 5 mL 14, SR 5H43] 300 mL M9
Brgedbh, RiFREHUERKIAE, 50 mL £\ 500 mL M9 K5 FRIEH I MgSO, Fl7H %
B, 37°C R B EUE KGN AR 2R (50 pg/mL), 1557 1 h JGUE T 4°C
A ENAE, RGN IPTG, ££ 16°C AT T,

HEAMLM S native CHAP 4ifb 45/ —3. Se-CHAP M5 45 fh 45 F7E native
CHAP f FIRAL I 45 i 4 Al L3 — D HEAT Grid Screen tR44.

Se-CHAP @RI BHENER 5 SR T

Se-CHAP #4fs (£ Y5 native S fA—3. I Se-SAD Jrikxf WS i Bt b AT b 74,
FUF Se (e S S AARIIARN,  MIMTEHT Se-CHAP (454, #4 native CHAP (¥1%d A il
O F BRI TI3RATF CHAP (¥ native —4EL5H.

4.2.3 amidase-2 Fr B\ Z5 MR T

S amidase-2 FBUIEAT TR, RAG T VSR E 1 amidase-2 B, JFIREERILIL
B il 4 A, A BUT A Y PDB B AT S5 R TR (<30 %), [Rkid
4 amidase-2 S ARG I ERAG T A RARAL,  ANTIAERT T 3 = 4E 4.

amidase-2 [{)3R& 541k,

ZE o HAE S CHAP F Bt il 5 A AR )

(1) FIH 514 amidase-2_ fw 1 amidase-2_rv %} amidase-2 KK 34T PCR 78, v
PR RN 64 5 CHAP (F—#f . BVIOG R DI IR0 &oxt H 0 46t AT [

(2) %t amidase-2 F[K3E4T LIC 4b3H (ERAE WL CHAP LK),

(3) XA ALBLLF 784k pMCSGT 5 amidase-2 & K BEE T84, SRR IE R
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WAL E] DHS a2 &40

(4) WP HIEIF I REST PCR %58, FFEAT IR 40 #r

(5) K% IERI RIS A pMCSG7-amidase-2 # A\ BL21 (DE3) 28400, R
JEHMTEEARES (IPTG 29K 0.2 mM) FIERIA;

(6) M HI Ni-NTA & HBEAT SR RUZ 24k : 7 20 mM BRI 2 50 mM BRI buffer
SR, 2 500 mM KK buffer BEME H A, KAL) amidase-2 HEAT IS A1
buffer, M TEV 8, 7E 16°C MU, A5~k Ni At ORI

(7) W) EAR%EN) amidase-2 H (THEATIRAR, SRR 43100 Tk Ak it — i
FIRES, PRGE S I8 B R, -80°C fR A7 4

amidase-2 [¥] AUC 447

# amidase-2 % FAFE 5 1) OD,go 4 0.75, buffer & 20 mM Tris Al 150 mM NaCl (pH
fHR 7.5) WAZFEM LARN buffer 400 pL 73 5 I AT SER B PN INFERE . ] An-60 Ti
B HEATES D, AE 20°C 262,000 xg e N SCHRFE b 280 nm WSCE o K ISCHR PR Hs A1
SEDFIT ¥ AFEAT Ab BEAN 734 o

amidase-2 45 F & {F 1%

g5 i 25 A 1R 9 e SR B O /G . K2 4P amidase-2 B IR IEY 25
mg/mL. 18 mg/mL Al 10 mg/mL, FJF mosquito s TN #5 NBEATIIFE, HX 0.2 ul [
FIREAR AT 0.2 pL R 45 I 8 T B A S EEAT IR A, EFINAT 100 pL % NVBIIK) 96 LAk
IRTRIEAR I, TRV BUR TR o K A B A 1) A R AR B A 16°C TR 3 P, A5 AF
S FE NI

amidase-2 45 @&

HIH] Grid Screen J7 1L )T 2 dib () S AFREATA0A o [R) IS0 2 XK 0 — AN i dr Rk B

C—fBERE pH AR RTHE FU IR B R BR BRI, [ BRI 4, 8 i B v sk 45 it 4 1

BEATAORA,  TRIPR 2 R BRI IR, I ERAL H B50d& A K amidase-2 8 1 S A (K46 o
¥ native [1) amidase-2 SRRV 10 mM KI [, =30 10 min J5HBUH AT

amidase-2 [f] native IVl KI S AREERIEE. 2175 S

K PR AT 1) 2R AR DRSHR T A TR A, ORI o 7638 B 46 2510 5e A
F % BL5.0.1 ZeulifE 100 K 451 R VR S AT XS in i, 15 s iR B A K S
YRR RS, DRI AT Bl . R XPDF SRR IER 25 M RE, 5 B) HKL2000
B IR EAR B TR A . SERCRTINAE . T3 1-SAD J5 AR A3 KT (1 b (A
ATACEE, R T RE S e AR, IfTEHT T KT 1f) amidase-2 4544, # native 1) amidase-2
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R 7y 7 B3k AT amidase-2 1) native —4EZ5H4
4.2.4 SH3b }BIISHIANT
% SH3b 1 BT THIEE RIS, th Tz B oS ok A d k. BRIE, 1300
S S T MRS EAR T v SH3b A BER 5 M EAT T AT .
SH3b J7 Btk 54tk
(1) FH51%) SH3b_fw A1 SH3b_rv X SH3b £E[A#E1T PCR 3714, PCR [ WAk A
22T CHAP 1 R4 PARL . vk s I DR IRl ot H A 46t EA T [l
(2) X} SH3b JERFEAT LIC AbHE (HfE W CHAP JE[R [ Ab )
(3) XA AL B AT (18 Ak pMCSG7 55 SH3b JEIR i B i 3z, SR H 48 7= W)
1LE] DHS /A2 2540 i rh s
(4) XFIELF RIS T PCR %58, FEHE— B HEAT I 047
(5) B %8 IEMIIRIE AR pMCSG7-SH3b # A\ BL21 (DE3) J&32&400, & PN
RI/8R PC AR MO B3 T IR A RE S (IPTG Z9KEN 0.2 mM) FIZKIA;
(6) FIH] Ni-NTA & HBEAT SR RZ 24k : & 20 mM BRI 2 50 mM BRI buffer
Iy Ve EE L 7 500 mM BKM ) buffer WEMK H 82 5, #2040 K SH3b AT 4 F1 6t buffer,
AN TEV W, £ 16°C MEVIREA, AR R Ni AR AR 599
(7) XY LR SH3b B AREATIRAR, SRR 431 0% MR A P B — I A A
Al TR I R TR, -80°C fRA7 T
SH3b A Btff) AUC 4387
# SH3b & KL M 1) ODag 1 42 0.75, buffer 4 40 mM NazPOy, 50 mM NaCl, pH {i 6.5,
WO i S AH NI buffer 400 pL 73 i IDAAT SR B A INFERE T, ] An-60 Ti #1387
L, 7 262,000 xg Fd NSCEEFE i 7E 280 nm (WIRSCAE - K SO $E R SEDFIT K43k
ATAEFRRI ST o
N #3i2 SH3b 14725 NMR 447
¥ N FRiCH) SH3b 45KE 4 d 7€ Agilent DD2 600MHz NMR (X |- (Z-gradient
triple-resonance cryoprobe) LA 298 K £ fFl i — vk 'H %% P29, 2 J5 5 — 4 2D 'H-""N HSQC
(20 min), JERLFRAF I PG SH3b 2 7538 A A% L U 1 i i 2k
N 5 C #7ig SH3b [f] NMR ¥
£E PN R PC WbRIE K SH3b & AR AR A bR DSS (0.01% ). fFbT 454 T i L
RMEHR RS GRS L 1 mM 2247 8 R E T ED:
—4 "H 1% (Presat 5% 3919 Ji /K i%)
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2D 'H-"N HSQC 523 H] ~20 min

2D 'H-"C HSQC (IEWiX)  S2H6 1] ~20 min

2D 'H-"CHSQC (J5#&X)  SLE ] ~10 min

3D 'H-"C NOESY-HSQC (JIglilx)  sci&if(al 1.5~2d

3D 'H-"C NOESY-HSQC (J5#&[X) Szl 1d

3D 'H-"N NOESY-HSQC Sz e 1.5~2d

3D HNCACB  SEEGHfTH] 1d

3D CBCA(CO)NH  SEzEGH ] 1d

3D HNCA SEEGIf[H] 6 h

3D HN(CA)CO  SEIG A 1~2 d

3D HBHA(CO)NH sG] 1d

3D HBHANH SZEGHT[H 1d

3D CCH-TOCSY  SEHGfH] 1~2 d

3D HCCH-TOCSY S8t [a) 1~2d

SH3b kB 45 1afdth

FT AT (F15080 35 Fl NMRPipe P27 AI NMRView) P8 HEAT 4030 o T 14k 2 00 8 22 35
DSS 5L, 1 PN fl BC iR n LB BN T . B CYANA FEFFHEA A0 H M3k
3 SH3b fgsty B, SRR CONS Ry PO it F3h 40 fid LA X R SANE R Ui it
- F B NOE 2} Bixt 45 I HEAT refine, {E45H refine H B4 N ] TALOS-N P*2iff 5 1 3=
HE IR 20 A R BRI — R A5 MR AR M A B A ) . AR 100 MW SH3b 4514
I 50 ANRE BRI Z5H 5 1] CNS Il RECOORDScript PPHEAT /K refine, 4R 5 4%
20 MER AR5 A %o SH3b MR &Lk . 45H i iR ] MOLMOL™ Al

PROCHECK-NMR P 47407
43 43

4.3.1 LysGHI5 4@ 4 iiiE 5 5 #r

LysGH15 [)RIE 54tk

JRDIR T RIE B AR pET-26b-LysGH15, It PCR FMFHEAT T HAIE, Kixkikag
WAL B ek Hikk BL21 (DE3) . Xfify C ¥ His [ LysGH15 #4775 S &L, gl
RIS LB 4.0,
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450

350

18.4

144
4.1 & C i His f7 %8 LysGH15 BIRES 4k
Fig 4.1 The expression and purification of LysGH15 with C-His
(1: FEREZMEBFRE: 2: FSREEBAE LF: 3: 50 mM BRIEEGERIR: 4
500 mM BRMEZERR R 5. MERERIIERE: M: marker)

(1: the whole induced bacteria; 2: the supernatant of the induced bavteria; 3: the elution
sample using 50 mM imidazole; 4: the elution sample using 500 mM imidazole; 5: the base after
eluted using 500 mM imidazole; M: marker)

KoL ¥ LysGHIS BEATHAR (I IIRAi IO BRURALAE 0 30 kDa), SRJ5°Kf buffer #04
731 Fii buffer, KR4I LysGH15 24770 79207 B 4.2 Hl LIE B A — 4> LysGHI5
LB, TR MR, WO R

2000 -
—— LysGH15
15004
=2
<
E
o
o
é 1000
=3
v
o
m
3 500
° /\—JJ
L L L L T L
L] 20 40 &0 80 100 120

Retention volume (ml)

[ 4.2 LysGH15 BI% Fis B4
Fig 4.2 SEC of the full-length LysGH15
KSR FIRE A 31T SDS-PAGE #36: (1 4.3), RIS LysGHIS 4l K47,
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4.3 o FiFlEEFFmAY SDS-PAGE 53 4f
Fig 4.3 The SDS-PAGE analysis of samples collected during SEC

KU LysGHLS B 22 ) 0 =38 JR TR AR, e SRR, T -80°C 1R A7 %M.

e Sl g

P B AT 524 LysGH15 (30 mg/mL. 20 mg/mL A1 10 mg/mL) (#4554 133k
AT THIE IR o AR LRI (] (RS BAT R B A . O T 0BT LysGHIS AN i i1
JRB, R AR T R T R AT T SAXS 4347

LysGH15 ff] SAXS 447

0 S [E G 21 T R [E 5K S2 36 I T LysGHIS 1) SAXS il 2 J » SH%8mEAT T
OMHTe IR T LysGHIS FE WP IR IS o

HiF 4.4 Pl LA, LysGHIS ZEWHRT 58V 780, ] LU I (K7 1 =AM BT 1
BRKTE domains 1P/ linkers HRERE R, RIHRKROZE. Hig Bk, XFIEAR
HEGIESRAF AR B S 225 = domains 73 7 34T 5 K ffE AT -

10000

—— Experimental curve from SAXS
= Theoretical curve of SAXS model

1000 4

10 4

0.00 05 A0 A5 .20 25 30

&l 4.4 LysGH15 B9 SAXS 4f
Fig 4.4 The SAXS analysis of C-His-LysGH15
(ZE: Bt 5XWNMEIE; AE: C-His-LysGHIS BB RS THRAWER)
(Left: the fitting curve of theoretical and experimental curves; right: the model of

LysGH15)
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432 CHAP BB

JR I 235 T VEFRGE ) CHAP (1-165 aa, WP 4.5) B, FEEREILE] T 1%
Brali it 4, ARGl Id Se-CHAP 145 it SHUR IS . ATk T A RAROL, D fdbT T
CHAP J B =4E45 1 .

CHAP amidase-2 SH3b
35 160 197 346 412 481
1 . v N v 4%
165 403 155
368

4.5 LysGH15 B¢~ EE

Fig 4.5 Domain organization of LysGH15

CHAP F BINRE 544k

FIH PCR X} CHAP JERIHHAT TH 14, MIhid T pMCSG7-CHAP FRik#ifk, HEA
T BL21 B Wbk, WS REMAR T AT CHAP 1 (K 4.6).

1 2 3 4 5§ M

116.0
66.2

45.0

350

25.0

18.4

14.4

4.6 CHAP R ERpIRiE S5 4E1k
Fig 4.6 The expression and purification of LysGH15 CHAP domain
(1: BSREMEBEER; 2: FEREFMBE LIF; 3: 500 mM K EHRER
& 4 WERIERHEIT TEV BRI =Y: 5. JXBRHERFERIMNITIRE CHAP £1:
M: marker)
(1: the whole induced bacteria; 2: the supernatant of the induced bavteria; 3: the elution
sample using 500 mM imidazole; 4: the sample of CHAP cut by TEV; 5: the CHAP domain
without His tag; M: marker)

SR ¥ CHAP S AT 70 70t 24T, tHE 4.7 ] LUE R CHAP B A1 I H I,
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WA B R %5 T2 18 kDa.

UV absorbance (mAU)

2000
—— CHAP

g
N

:

g

|

2 %0 0 80 100
Retention volume (mil)

[ 4.7 CHAP K R B9 F i R4
Fig 4.7 SEC of the CHAP domain

1
120

SDS-PAGE (& 4.8) KWL S AL 2E LRSS, WA m I S EH AL, -80°C fk

1745 1l

116.0
66.2
45.0
35.0

25.0
184

144
& 4.8 CHAP F B3 57 F s e 4 am Y SDS-PAGE 5347
Fig 4.8 The SDS-PAGE analysis of samples collected during SEC of the CHAP domain
CHAP J7 Bt AUC 737

CHAP FBIF s L] (- 4.9), %A BHAE buffer 4 20 mM Tris Al 150 mM

NaCl (pH fE4 7.5) A FARMRIER, 73 TR 18 kDa, 53 FIfilI4s R 5.

c (M)

= CHAP

L .

10000 20000 30000 40000 50000
MW (Da)

[ 4.9 CHAP F ER s AR & 0
Fig 4.9 AUC of the CHAP domain

1
60000
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CHAP J B4 &g

& AR BOE X CHAP 7 B 46 S AR BEAT AP i, i8R FIAE 16°C 1R
FNTBCE 2 AT AR NS EER A (L 4,100, W46 #F24 : 0.1 M Bis-Tris-propane;,
pH{H 7.0 F13.5 M 4N, AWK N 10~20 mg/mL. HERBAEANEKAN, RAEH loop
Pk, BT BE P I A AR

& 4.10 #%#) CHAP FERE R RE

Fig 4.10 The preliminary screening crystal of the native CHAP domain
CHAP J7 B4 AL
FIFH Grid Screen J7 ik, X104 i 41 Hh Bis-Tris-propane (1] pH {E 1 FF R A A< B
VR, JF HA AR SE M, 48RRI CHAP & A4 MR ELMER 01 M
Bis-Tris-propane, pH {H 7.5 A1 3.8 M FIR#N, HEHMKE N 10~15 mg/mL, FrHfalh 2 .
FEZSAF PR A ANE T (B 410D, TR SR, KRALF 1 & A A
PR B RATVRAT, IR T

o

4.11 i1k CHAP FEEE R &K

Fig 4.11 The optimization crystal of the native CHAP domain
CHAP J7 B native F 44 MR R 5 40 #r
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FEVRAT 10 B AT AL BRI T BT Y CCD AT T W15 IR, 1248 A AT 43 3 26 ] LLIE
B3 A, EERIZES] R AT, BL17U1 26361 ADSC Q315 CCD ¥R #2741 100 K
FAT IR UR R AAREAT XS ERATHS, RIS A PR RRIL 3] 2.7 A, ipdh, WOl T 310
SRATSTE (B 4.12). FIF X°DF SERf e LA B P6,22, IRl HKL2000 #ff:f 5
AR AT AIHT o AHR B T ORI 4y 7 B R AT A5 A, T L X R OV R
B CHAP fI45 4

& 4.12 CHAP R Ex BRRRY X-BF4& 175t

Fig 4.12 The diffraction of the crystal of native CHAP domain
Se-CHAP EH R4 dn . BRI S St
WIS, R T A Se AU RZIRINY CHAP & . T CHAP J&41d HATH
ANFRBREIR, AT Se-CHAP 55 native CHAP & A fIVE RN %R HILL, FTLLZ% native
CHAP 2554 FIRESRAT T Se-CHAP [ (18] 4.13) . 75 B REARGTE T Se-CHAP
AR PRIBAE . RIS KR BUME 5 (Se-SAD), fi##HT T Se-CHAP 45K

[ 4.13 Se-CHAP R ErIZER MK (EE) REMSH (HED
Fig 4.13 The crystal of Se-CHAP domain and its diffraction in X-ray
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CHAP F B =445 Mgt ik
R 9> 7 EHEIFAG T native CHAP £ [ IE5H, RGN DAL, A 4544 % 5 i
WS EEGE R T RUFIIFRE (Ryone = 17.37%, Riee = 20.39%), WL 4.1. K%L HEss 2
PDB, 3#kf31% PDB (5% "5 4 40OLK.
& 4.1 CHAP EH R IKAY X5 AT EUR U E LUK refine SbIE

Table 4.1 Data collection and refinement statistics of the CHAP crystal

Parameter CHAP CHAP
(Se-Met) (Native)

PDB ID 40LK

X-ray source SSRF SSRF

Crystal to detector distance (mm) 330 380

Number of images 360 310

Oscillation width (°) 0.5 0.5

Wavelength (A) 0.98 0.98

Space group P6,22 P6,22

a,c(A) 113.40, 177.92 113.32, 178.50

Mosaicity (°) 0.47 0.45

No. of protein molecules/ASU 2 2

No. of phasing sites (selenium) /ASU 4
No. of phasing sites (iodide) /ASU

Resolution range (A) 50.00-2.80 50.00-2.80
(2.90-2.80) (2.90-2.80)

Rsym (%) cif 13.4 (49.9) 9.3 (40.4)

Mean I/6(T) cif 44 (11) 37.70 (11.91)

Completeness (%) cif 100 (100) 99.7 (100)

Redundancy 11.0 (10.9) 18 (18.6)

Refinement

Resolution (A) 47.85-2.69

No. of reflections 18004

Rwork/Riree (%0) 17.37/20.39

No. of atoms 2804

No. of protein atoms 2627

No. of ligand atoms 21

No. of waters 156

Wilson B (A?) 41.45

Mean B (A?) —

R.M.S. deviations

Bond lengths (A) 0.011

Bond angles (°) 0.838

Ramachandran analysis

Favored region (%) 96.92

Allowed region (%) 3.08

Outliers (%) 0.00

The numbers in parentheses represent values for the highest resolution shell.

BEN AR TG H AN 51 1 CHAP 4Li, H IR B —N 431 1) Bis-Tris-propane 413JE
IR, TERBPIRAS FARA XIS . B> CHAP 43 FINZ BT 1~164 6 12k
185 th 3 a2, 6 A B-HT B AN Ca® 4L (&l 4.14, 72) . Ca® (R 47 42 [FI IR ] ICP-AES
HEAT T XA T PA G il &5 A Ca™ HORE AT o2 LRI loop 4, %47 A%
i1 5 MEILIREE & MG BT, 20914: D45, D47, Y49, H51 Fl D56, iX FLM 5 Ca™*
Z AP B4y 3 2.36 AL 2.37 AL 2.13 AL 2.32 A F12.27 A, i1 CHAP IR 45k v] LLE
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BN RV (K 414, A7), 10 Ca® HRFIRE R 1.

4.14 CHAP R =454 (KB REXREBRESH (HED
Fig 4.14 The 3D structure of the CHAP domain (left) and its surface charge distribution (right)

4.3.3 amidase-2 }5 B HANT

AT T YEBURE R amidase-2 FBE (WLIE 4.5), W4 A TR AL 21 T 1%
AW B SE A AT, K amidase-2 (K8 RN R T, CRBURE IR T ARIOAR G,
JRIRRT T I =g

amidase-2 [1)R& 544k

JRIIHE T pMCSG7-amidase-2 FILHHE, MWL FRIEMALIRS T rvELk. M
JFRaSE ¥ amidase-2 H11 (& 4.15),

4.15 amidase-2 FEEHIFRIE 54 1L
Fig 4.15 The expression and purification of LysGH15 amidase-2 domain
(1: FEFREEWEBE LFE; 2: 500 mM BREGERR: 3: ML ER#H#IT TEV
EEYIRI =4 4. T TRBEHEHRIMITIRE amidase-2 H£H; M: marker)
(1: tthe supernatant of the induced bavteria; 2: the elution sample using 500 mM imidazole;

3: the sample of CHAP cut by TEV; 4: the CHAP domain without His tag; M: marker)
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WAL amidase-2 & (AR TR L7, HHIT A EE (K 4160, HiHg
£ B R H KN 28 kDas

amidase-2

UV absorbance (mAU)

L L L T L L
20 40 &0 80 100 12
Retention volume (ml)

[l 4.16 amidase-2 v ER B9 5 F 5 B4
Fig 4.16 SEC of the amidase-2 domain
B TV FE AR, AT SDS-PAGE 73 #T, [ 4.17 RWIFES IUSLRE RAF, 51 K2
9 28 kDao KPR IR FRE ST AR, SEIRIE)S, -80°C ¥AT

116.0
66.2

45.0
35.0

25.0

184
14.4

[& 4.17 amidase-2 F B33 9 F s &£+ fm AT SDS-PAGE 434

Fig 4.17 The SDS-PAGE analysis of samples collected during SEC of the amidase-2 domain

amidase-2 ] AUC 43¥7
$ 44k i) amidase-2 45 1) ODaso WA 0.75 HEAT 0 M 2 (1K 4.18), FHWILE buffer:
20 mM Tris A1 150 mM NaCl (pH {4 7.5) 414 F amidase-2 4 ¥k A7 L.
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amidase-2

c (M)

2 / \
0 1 L) ) L) ) ]
0 10000 20000 30000 40000 50000 60000

MW (Da)

4.18 amidase-2 K EX RO B B 109 4

Fig 4.18 AUC analysis of the amidase-2 domain
amidase-2 45 i 2RO
I L& Y B0 amidase-2 B4 Sl S ATHEATHI AP IR, i8R A AE 16°C
ENHCE 1R DA SR CE] 4.19), i 414449 : 0.1 M Tris-HCL, pH {H 8.5,0.2 M Li,SO4,
30% (wt/vol) PEG 4,000, &f & Fh i AT it — L it .

& 4.19 #I7%EY amidase-2 A R EH R

Fig 4.19 The preliminary screening crystal of the native amidase-2 domain

amidase-2 45 g & FIAL

HIH] Grid Screen 75V HI T 45 it R A 1t — A0 o B 25 2 A1 ¥ pH B AN DTIE ) PEG
[F#2% (PEG-3000, PEG-4000, PEG-5000) M ¥JEMATHEARE ¥ E . A ILIAHE 45 i 4 1F
JH: 0.1 M Tris-HCI, pH ff 9.0, 0.2 M Li,SO4, 30% (wt/vol) PEG 3,000, 73 #ME4T T additive
9%, AL I 0.1 M xylitol I AT LARE— 20 2538 AN E amidase-2 B A4 (18] 4.20)
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rh ] %N

& 4.20 ff{LHY amidase-2 FEX TR H @Ik
Fig 4.20 The optimization crystal of the native amidase-2 domain
amidase-2 [¥) native RV KI g A& KIBIBUBER . 5iT5 ST
WARAL LT (¥ amidase-2 25 (1A AAZE S 10 mM KT (g iR 5 min, PR B
BEATRAT, JHORAF TP FESRIEISAR 2240 vo B B K 9230 % BLS.0.1 Zeufili 4k native Fil
B KT 1) amidase-2 dhRIEEE (18 4.21), 233 LIk F] 2.3 A, dlid I-SAD JjvExfit
AR KT BB HEAT A B, T T ROAS S A€ 1 ARAL, AT AR BT 176 KI ) amidase-2 4544,
¥ native 1) amidase-2 B4l FI H 43 1 B #0103k 49 T amidase-2 ) native —4E45H . 4% 451
$¢4C%| PDB, 3k43 PDB ‘524 40LS.

[El 4.21 amidase-2 r ER R IREY X-5F 4075
Fig 4.21 The diffraction of the crystal of amidase-2 domain
Xt native (1) amidase-2 & [ [F) 45 I HEAT Y, A12%45 440 4% )7 THITK S H0HSIA 1) T R4 (RA%
A (Ryork = 15.76%, Riee = 16.08%) , W3 4.2, FMAUWFRIATCH 4 4> amidase-2 53 1)
Mo B> amidase-2 73 T 1 8 No-12fiE, 54 B-HFrEAM—A Zn” 41k (WK 4.22) .
Zn® A7 AE I R ICP-AES 3HAT T #iriE « % G5 MR TRAL JE i 52 45 5 Zn™ (A7 25547 3 4,
SRy H214, H324 Rl C332. L4 MR TEA — W SN RESE R, Zo® AEAE TV Al ch o,
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iz TAMI
%< 4.2 amidase-2 EH RAH X-GTENTH BRI E LI refine 432

Table 4.2 Data collection and refinement statistics of the amidase-2 crystal

Parameter amidase-2 amidase-2
(Iodide) (Native)

PDB ID 40LS

X-ray source APS SSRF

Crystal to detector distance (mm) 320 340

Number of images 180 570

Oscillation width (°) 1 0.5

Wavelength (A) 0.97 0.98

Space group P6; P6;

a,c(A) 135.93,106.79 135.40, 107.07

Mosaicity (°) 0.46 0.62

No. of protein molecules/ASU 4 4

No. of phasing sites (selenium) /ASU

No. of phasing sites (iodide) /ASU 4

Resolution range (A) 50.00-2.20 50.00-2.10

(2.28-2.10) (2.18-2.10)

Rsym (%) cif 13.7 (46.1) 7.7(37.4)

Mean I/o(T) cif 21.37 (4.09) 41.07 (8.7)

Completeness (%) cif 99.0 (91.5) 96.9 (77.4)

Redundancy 9.1 (4.6) 16.1 (11.1)

Refinement

Resolution (A) 39.57-2.27

No. of reflections 48572

Rwork/Rree (%0) 15.76/16.08

No. of atoms 6563

No. of protein atoms 5904

No. of ligand atoms 19

No. of waters 640

Wilson B (A?%) 26.50

Mean B (A?) 37.05

R.M.S. deviations

Bond lengths (A) 0.009

Bond angles (°) 1.13

Ramachandran analysis

Favored region (%) 97.00

Allowed region (%) 3.00

Outliers (%) 0.00

The numbers in parentheses represent values for the highest resolution shell.

422 Amidase-2 B EEHI= 44 (EB) REXRERBRETSH (FED

Fig 4.22 The amidase-2 3D structure and surface charge distribution
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4.3.4 SH3b BRIV

H T JoV23k 43 SH3b F B f Ak . DRI, 370 SEge il ik NMR J7vA%) SH3b F B (I
4.5) WS RBEAT TRENT, DRI E SR e 1% BOS A BAE I St .

SH3b jr B &k 544k

IR T4 pMCSGT7-SH3b [3IAHIE, FIH PN R/ PC by M9 B9 3E,

3T natives N Fl/aE BC AR SH3b B (K 4.23), HAaet RIT.

1 2 3 4 s M

116.0
66.2
45.0
350

250

18.4
144

4.23 SH3b FERmIFRIES4E1L.
Fig 4.23 The expression and purification of LysGH15 SH3b domain

(1: FBSREEMEELF: 2: 500 mM BREERE: 3: WHEKRIERHIT TEV

EgIRYF=4; 4 F0 5. @ ORRHERSEIRITARE SH3b &R M: marker)

(1: the supernatant of the induced bavteria; 2: the elution sample using 500mM imidazole;

3: the sample of CHAP cut by TEV; 4 and 5: the CHAP domain without His tag; M: marker)
Fealifb ¥y SH3b B (AT 20 F0f 2T (181 4.24), HWETETLLE H SH3b Py —, N
BAEALTAE, KDL 15 kDa.

~——S5H3b

1000 o

i )

T T T T T 1
20 40 60 80 100 120

UV absorbance (mAU)

Retention volume (m)
4.24 SH3b R BRI FiF B4
Fig 4.24 SEC of the SH3b domain
W 0r TI B EIEAERE L, #E4T SDS-PAGE 20 #1, Hill 4.25 fTLLAEH, W SH3b
AR, AR
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116.0
66.2

45.0
35.0

25.0

184
14.4

LR

| — e~ —

4.25 SH3b R i3 o Fisi &4 mmAY SDS-PAGE 4 #f

Fig 4.25 The SDS-PAGE analysis of samples collected during SEC of the SH3b domain

SH3b F B AUC 247
W 4.26, 23 BT B 45 B4 W] SH3b 7F buffer(40 mM NasPOy, 50 mM NaCl, pH i 6.5)

R ALEAE, KNS 70 T HiiA SDS-PAGE (45 R — L.

c (M)

10 =

———35Hib

o

Fig

T T T T T 1
10000 20000 30000 40000 50000 60000
MW (Da)

4.26 SH3b LRI HTEBIRE O

4.26 AUC analysis of the SH3b domain

native 1 "N #Ri2 SH3b KI%]25 NMR 27

AT IGAE SH3b A7 A NMR 9455, %I native SH3b MEAT T—4E 'H i, 45
PRI ER A, JEHIES NMR. K5 4d W2 —K 'H %, s8R e
HAE, HEARA WAL (B 427), ] SH3b YEpidssE, Al AT N — 25,
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4.27 SH3b #58A[E & 8] 49 — 4 "H %0 Lhik
Fig 4.27 The one-dimensional 'H spectrum of SH3b
%t PN FRIA K SH3b HEAT T 4k "H-"N HSQC ll5Z (~20min), 5% T SH3b [) 4,
WK 428, FEADRIEBRAL R EE AT B, FFaHE—2 NMR B AR 25K
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[& 4.28 SH3b By 4N E

5N 5 BC 4732 SH3b ) NMR 3R &
PRI AT AGR I 77323, 6F PNFI BC XUBRIC I SH3b 85 FIRE ST 1 4 T i B e 4,
HATR)RERGE— R ¥ — R FURE b, AR LR AR AR il AR K 7R Ak R BmWsc AR 2k 1) i (1]

4.29),

105.0 1
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Fig 4.28 The two-dimensional spectrum of SH3b

1200 ¢

[& 4.29 SH3b #H R ERY

Lyl

Fig 4.29 The quality monitoring of SH3b sample

M AR, RN TR RO M R FER A kL ILIET 4.30.
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105.0

110,04

115.01

"*N {ppm)

120.0

125.0

130.0

5 o 7 Ay
& 4.30 SH3b EEFNMEERTEEIA
Fig 4.30 The identification of the main chain and side chain of SH3b
SH3b i B f1 45l b
PR IEAT AT AR I, SRAS T 100 404R SH3b 4544, PR 50 > RE & K 4
FIREAT INIK refine J5, 7EHA SR T 20 SRR AR 45 Ml #8530 43 T SH3b Y&

ghity, UL 431,

X

[E 431 SH3b Fr BRI =4 454
Fig 4.31 The 3D structure of the SH3b domain
XS RN SH3b S5 HIEEAT 1) i R B S5 M I S IS HRIL 2] T R AfprdE (W& 4.3).

ZEAH 9D B-rEdlk. FizdiiEac$ PDB, 3574 PDB ID 4 2MK5. BMRB ID %

19752,
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34320 MRURITEER MY SH3b HHMER R
Table 4.3 The experimental restraints and structural statistics for the 20 lowest energy

structures of the SH3b domain.

PDB ID 2MKS5
BMRB ID 19752
Distance restraints

Intraresidue 1257

Sequential 807

Medium 284

Long-range 1096

Ambiguous 1297

Total 4741
Hydrogen bond restraints 82
Dihedral angle restraints

84
84

Total 168
Violations

Max. distance restraint violation (A) 0.156

Max. dihedral angle restraint violation (°) 4.19
RMSD from the experimental restraints

Distance restraints (A) 0.0026 + 0.0005

Dihedral angle restraints (°) 0.50 £ 0.07
RMSD from the ideal geometry

Bond lengths (A) 0.0106 + 0.0002

Bond angles (°) 1.10+0.03

Impropers (°) 1.53 £ 0.08
RMSD from the mean structure (A)

Backbone heavy atoms
All residues™ 0.50 £ 0.05
Regular secondary structure** 0.37 £0.04
All heavy atoms

All residues 0.84 £0.05

Regular secondary structure 0.71 £ 0.06
PROCHECK statistics (%)

Most favored regions 92.8

Additional allowed regions 5.5

Generously allowed regions 0.2

Disallowed regions 1.5

*Residues 400-495 are included in the analysis.

**Regular secondary structure regions include residues 402-403, 409-418, 424-428, 439-441, 446-455,
457-464, 470-480, 485-490, and 493-494.
44 TR

FIHRTALE, T WE R AR SRR P SNSRI BE T QAT HR0E, 3 & B SA W E,
5 4 v 0 2 BR TR W R (R 243, 40 LysK. ClyS. MV-L. LysWMY #l OH5 %5, {HE&%
Ak, TR DL B 00 A R T I R R AR — Ak SE AL R . O T RN L, Bk
T #75 LysGH1S 23 FAE RN, AT 190 JE = e 25 kAT T AT

), ARSI LysGH1S 4K 2R Mg 1) 25 M EAT b . BRI T 4K LysGH15
M, JF ISR C aihn His AR50 T A eV, (2R T0IEIRIF 4K LysGHIS 1 ffAk.
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Wik SAXS 4T, 3K T 4K LysGHIS /R MR A B, 2V, hii K
linkers 3% #2 = A HEDG BT HEAT R I AER T O3 M 1 B AL, VB IRR IR Bh M, X m) DL A%
AT TGVERAT LysGHIS IR . 5341, LysK (AT B 3L Yy CHAP st G 40 i
PER, I HE A SCRRIROE S SH3b  BEsh HA 45 Aim v IR, A 4 B L
AT BT T A R T o

1T LysGH15 ) CHAP Hl amidase-2 PN v Be 55 PDB i i A 18 A 741 [R]
PR NT 30%,  JCiJl I f # i op7 E  ) J ont SL A M AT AR AT . BRLG, 4FF CHAP
FrBGIAT T Se-CHAP [{314 . 45 S A e, I HARI A Se 1 5 HURAR S b 7 045k
Y34k, BARZ TSI TR amidase-2 1] LAGE & —AN Zn®*, I HAESRAF K native 24
WIS T R HURE S, (R EEEART LG, IR AE AT ARE Th B AUE,
BRI AR AT, I, % amidase-2, A K244 native i 403 1 5 IR 1 (0 59,
TR T RH BHE ST T AR XA SR AT AT LA JE S BT R A R T e
T T EE R R BTH A model, R LA o 3 #1201 B gt v LA 5 MIEAT AT . AR SH3D
FrBS CHGE N ALE-1 IS5 I BT 47%0 RIENE, & UURIF 43 7 B 3k A T 45 A AT
{HE SH3b AL TCIEIRAFER (A . T3 AR5 PE R NMR PS50 1 SH3b Jr Bede e 1k
AP, FEAHAT NMR 5250, DRIASEE R NMR J7 kst L5 Rdb a7 7 iehr, 399 1
AN SH3b = 4E4ify, HHEAE I d SRIRE T Mg

LT I, SR T 50— 1 0 A Wk A A AR 1) = SR, AN TR
A, SRR A = SRR AL T SRR, Ol SR 4R LysGHIS 4351 FIHLHI
FORRAL T EIE WIS R

4.5 /N

4.5.1 it SAXS Zr MR T LysGHIS W HCIRA 70 TR S Y, 4K LysGHI5
SESIVER, TR R k.

452 FHEE S ARTS A Se-SAD J7VE M If#ENT T LysGH15 ) CHAP Jr Bt B i — 4
SR, %R A 3 AN EER 6 A B-HT AL, L 5 NSRRI LS T A Ca
AL R TR R G R 1) 55 3 A AR BRI A

453 FHAEEA S ARTS A 1-SAD J7ik s f#dT T LysGH15 1) amidase-2 J B H it —
U SER, LGSR T 8 Ao WA 5 AN B-IT B ALK, Wt AR LS T — A Zn™,
AL TR b R R TR

454 FIHNMR SCRBEIIENT T SH3b EBOIRA N B0 =4Eaity, % v B 9 4 pIrd 4 k.
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FHE EES LysGHI5 1EHANLEITR

Frb—AT, Sy R E TR X-GE 2R AR 22 AT NMR BAR% LysGHIS 1) = ANE Pk
HHT T =485 MRNT, X7 LysGHIS HfEFINUEIZEE T 45k 3kht. so NG5k AR
B A RS T RIS A AE = 4 ) vh RS, TR AR T AT S RERIE F A0 437 RIJE ] . Tl
6 LysGH1S5 —ANE PRI = 4S5 ol s 28 1 JLRUBE I . 3% =N BRI E5 40 5 2 1T A A
() [ 8 1 R A A AT T 57 1] 2 48 CHAP  Be AT D g 1 S U SE R A R W26 2 Ca™ 2
155 CHAP 35 VR A4 5227 Zn™ S5 5 amidase-2 Fr BORFEIGEMEAT 5, LGB K7 5547 Wi
BE? WG SR R THI 7R SH3b KRS S v AL S I 2 BLRGX =AN Jr BE3 71 LysGHI1 S
REEEROEE PR 2 RMER 2

N T IS LA, AEEATX LysGHIS R = A F BER S5 #5500 PEvh © A 1 454
BEAT T EOXS 2387 5 ) F A7 sl SAR RN I 52 4 € T CHAP il amidase-2 A3 VE (R CBEAT A5
i3t thermal shift. CD+ ITC #i5E T Ca> % CHAP F B/ BR s v (5w, LU & 1055
Ay W NMR § & S5 RIS T T SH3b i BE 5 454 D e S I SR LR A
My A E A, e T AN BAE LysGHIS SR R A 43 50l ke iR A FH

I F B T LysGHIS 1953 FAE MU o SXANOLIRN 17 47 1 e o] A 2t
WA BRI 2 1, o0 (RIS AR B A I HLBE K b WIS A Hle , SEE 1 W o A g
YEH T A2 R I i

5.1 #ME
5.1.1 FEIRF

KOD-plus DNA %4 ( HAS Toyobo 237 ); Ni-NTA (Qiagen); EDTA. Urea. SDS.
Tris. Glycine. IPTG (Amresco); Ampicillin. Kanamycin [E 24542 F14b 24305046 TR A w5
iR (BD); B #HE (L) ; Peptone. Yeast Extract(Oxoid); Imidazole ( Apolo); Superdex-200

(GE); TEV W (CASZIG S HI, kBN S B W) 4R marker,
Jii marker (Takara); #EJEE (Millipore); JFURL/NMERFE . BIFIGAF]E (Omega); 5l
Y (_E#2ET); SYPRO Orange dye (Invitrogen) 4.

5.1.2 EEBESEK
pET-28a. pET15b (S = {Rfr); KMkTis BL21 (DE3) &2/ KAt # DHS

ABZAAYM (d HRA4L); CA-MRSA FHFE USA300-TCH1516 (ATCC); YB57 (ASZEG =
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I3
513 59
LysGH15B-Sall: ACG CGT CGA CAG GTG GAA CTC CCT GAC AAG
LysGH15B-EcoRI: CGG AAT TCT GGA AAA AGA ACC AAT ACG
GFP-Sall: ACG CGT CGA CGG GGG TTC TGT GAG CAA GGG CGA GGA G
GFP-HindIIl: CCC AAG CTT GTA CAG CTC GTC CA
LysGH15B-Xhol: CCG CTC GAG TGG AAAAAGAAC CAATACG
GFP-BamHI: CGG GAT CCC TAC TTG TACAGC TCG TCC A
514 EEUSE
PCR {#5 (BioRed, gradient-96); fHIE/K# 8 ( Lifg—1H, DK-80); o kz&V T KH A
MLS-3780 (Sanyo); kb H KX (ALHT7S—, DYY-6C); 600 MHz NMR spectrometer ( Agilent
DD2); Ll HLIK A (BioRed, Minid); &K S5 74t (d fig, 1600); 73066 ETH Nanodrop-2000
(Thermo); HEFHAE S C1109B. LA HUREE IR 1102C (_F#E M) ;s real-time PCR machine
(CFX96, Bio-Rad); HP:UIHIRLIEIK innovadd (Eppendorf); HBFTRLREAL TY92-IIN (T* T
2); ICP-AES (Varian, VISTA-MPX); & X4k 2041 Legend RT+. /N AR 250 HL pico22.
NG ML picol7 (Thermo); LR EEEA A B OAHL CR22GIL. KA B EOHL CRT
(Hitachi); ITC-200 microcalorimete (GE Healthcare); #i/K{% AcademicQ (Millipore); il
VKHL ICE2 (Scotsman); £& [ i4fifh 1 Purifierl0 (GE); Chirascan CD Spectrometer (A pplied
Photophysics) 4.
5.1.5 RAFIACH
PBS Z il
137 mM NaCl, 2.7 mM KCl, 50 mM Na,HPO,, 10 mM KH,POy, pH i 7.4.
2T IR
(1) LysGH15: 20 mM Tris-HCl (pH {H 7.5), 500 mM NaCl;
(2) CHAP Al amidase-2: 20 mM Tris-HCl (pH {& 7.5), 150 mM NaCl;

(3) SH3b: 40 mM Na;PO4, 50 mM NaCl, pH {H 6.5;
52 HiE

5.2.1 LysGHI15 & 5 BIfiEdEil e
J A e RN R 2 T2 B, LysGH1S ) CHAP Al amidase-2 F Bt 47K fift domains, [W.i%
HA KRN P BE A =B (15 PE ;s 2L SH3b N 455 domain, Nz HA 45406

106



CHAP K Bl amidase-2 K B BUIE M 2
5 MRSA T HE USA300 5555 208U KM, H PBS HEAT = IREEIEVE, R )54 ODgoo
A 1.0 ZAE N ZEEIE R RY, KA SRS EERM 120 min, SERHCSAE
ODggo 124K
25 SCHR I 7 234145 USA300 (1940 HiaBERE 2220, Kk KB KK USA300 HEAT 2400
B, M 4% (w/v) SDS W 60 min, SRJGFH] 258 TR VRS =00 B E R (0.5
mg/mL) 7 37°C W E A, ARG H L8 F/KBMTUES, IMA=H LR (TCA, 10%) M H
5hiHCREEERR . KA BELF RO ANMORE S F PBS Bk, KL ODsy 84 0.6 Ai4i, %M. H54F
WA A5 AP IO 4N BB EERE & 60 min, SZEC AL T ODsyg AR IL S
SH3b f B4 & sl 2
SH3b L5 GFP H1 &k
(DB 514 SH3b-Sall fl SH3b-EcoRI % LysGH15B J£[X3E4T PCR §"1#, ] GFP-Sall
A1 GFP-HindIIIl 14 GFP &K, &MNAAZR: dNTP (2 mM) 5 uL; 10x KOD buffer 5 pL;
MgSO; (200 mM) 2.5 pL; it 1 uLl; RS54 (20mM) % 1 pL; KOD #f 1 pL; 2
BF/K 335 uLe RNV 4AE: 95°C 5 min; 95°C 45s, 60°C 45s, 68°C 2 min, 30 MEFE;
68°C 10 min; 4°C fRAF. HLUK S A IV R &t H A A& r b T (R,
(2) WF#Ak pET-28a FMIEE Fi Bt LysGH15B Al GFP #EAT BRI VERE DI AL, Ha bk i ot
H 10 261 BEAT DAL
(3) XA FRLGF I A S FE Ry Bedb AT H:, JF LS DHS a2 40 i
(4) WFIFLT R T PCR %58, JFaE— M504
(5) VA UF Y pET-28a-LysGH15B-GFP 4 Ak, LL514 LysGH15B-Xhol #
GFP-BamHI %} LysGH15B-GFP 1T PCR ¥, ¥y b1yt A7 BRI MERg I AR BE,  Ha vk
JE S B R B, FE 5 [FIRE AR pET-15b HEAT BRI %55 5
(6) ¥ %58 IEMR RIS 3 A pET-15b-LysGH15B-GFP # N\ BL21 (DE3) %32 A4 i,
RIGEHMTEAMIE S (PTG &IRE N 0.2 mM) FIEIX;
(7) MHI Ni-NTA %} & BT SR RZ 24k : & 20 mM BRI 5 50 mM BRI buffer
SYRIVEAER L £ 500 mM BKIE K buffer YEE H K12 (5
(8) Kalifhf¥) LysGH15B-GFP T4 A4 buffer, 48 J5FIFH 4195 201 3RAF 1 T34
— M AR, RGN E B TR, -80°C TRAF A
Fills 5 1 LysGH15B-GFP &5 43l Pk Al 5 -
K BRI YBS5T TR PBS #EAT VRS, SRJ5 T 37°C FIH] Hoechst No. 33342 ¢
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FEHRIREAT YD (20 pmol/L) 10 min, HI PBS X YLt (4l B AT FLRPEE, ARG K44k
LysGH15B-GFP 5 4b B4 (1) 40 B EAT 15 min ¥ 5, 2 i I PBS Pk 11X, 55 H1 100 uL PBS
B O IR R BT EE . ] GFP RIRER AL EE, 5 I
5.2.2 CHAP jyBE M SRR R A MRAL il 2

CHAP J Bt 5 [FIY& R B ) 454 b g Fn 44

FIF] CLUSTAL W Chttp://www.ch.embnet.org/software/Clustal W.htm1) 75 £k #4: % CHAP
B & R 7 A 5 A e R B AT e A, JF IS ] ESPript Chttp://espript.
ibep. fi/ESPript/ESPript/index.php ) % 1k &l ; 7 Pfam Chttp://pfam.sanger.ac.uk/family/
PF05257) A1 MEROPS (http://merops.sanger.ac.uk/index.shtml) 5 [ F¢ 5150 7 TH ¥ CHAP
F B85 Rl — SR 0T 8 A e ST BG40 BT s RIS DALL ZEZE 8 AEXT CHAP J
B I 2K 5 0 R b IR 45 R AT LR 23007, 6 R e e 5 M IRV MR O 2 1, 9 A PyMOL
BAFREATME R FIF] ConSurf server Chttp://consurftest.tau.ac.il/) %} CHAP Ji BLf 45 F Fl 7
BUBEATARSF 5T, 91 PyMOL AT/ ]

#EPEHL Cys-His-Glu-Asn PUBEfA L Ca>* %t CHAP F B ML

18— RAVENS CHAP Jy B AH RN B MR i HEAT SRR . RIEM Al SRIGHA
7 55845 1) CHAP J BEBEAT 40 M P /KA ARt 40 B A PR R 5 o X Ca® 8 A i ol
545 [¥) CHAP 2K (134T ICP-AES, LUE 5848k 1 45 & Ca™ 1t

Ca™5 CHAP A BGER I ME

HSEXT CHAP JyBUlEAT EDTA A0HL, BReiddsisrity Ca®', RIALENTIN 5K 2 R 11
EDTA F2:, SRGK4. o7, #&H.

FFl ITC-200 microcalorimeter £ 16°C Xf Ca*" 55 CHAP i BEISEAN J1#E4T T 52 - Ca™
L CHAP JBUE A AR Y buffer %5f# (20 mM Tris, pH{H 7.5, 200 mM NaCD, H]
600 pM CaCl, i€ 50 uM A7 Ca®'ff) CHAP FBt. B4h, FHAMH R EEM Ca® i & AH IR
buffer, {E475 AN, XHECE % A H MicroCal Origin HEAT 347«

Ca™'%t CHAP H Bt R & (K1

FIFH Chirascan CD Spectrometer X1 &4+ =i Ca® f] CHAP & [ 1) CD 3470 5 Al
43HT. CHAP Z [13% THIIA ) buffer 1 (20 mM Tris, pH {H 7.5, 200 mM NaCD, JfH.
WPEIHIE A 0.15 mg/mL. T 20°C 78 0.1-cm KB Eb (o LA 6H 2 1) CD S8k 4713,
BACTEHE 2 200~260 nm,  BERF 1 nm BEAT— K44

Ca®"tt CHAP /Bt #E e MR

FIH thermal shift 52 E Ca™ % CHAP & A VERI LI . K5 RIAEHT Ca™
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(f) CHAP & [ £ Z A 0.2 mg/mL, buffer &y 20 mM Tris (pH 1 7.5), 200 mM NaCl,
SYPRO Orange #GHLEHEAT 1000 £5#FE o« FIFH real-time PCR XU AR A0 I R vh (1 26 A5
S TINGE , 9ECAR S 9RE N 450~490/560~580 nm K I IR 1 5 /R TR E
W EERRE R E h 20~95°C, L 0.5°C Jy—MBRRE, BEANBBEEIE 15 so XPMI5E BB EAT 43
s H e BN R i 2k
5.2.3 amidase-2 J B R R EIRAL s E

amidase-2 1 B 5 IV R A S5 H LEXT RIS

F ] CLUSTAL W  Chttp://www.ch.embnet.org/software/Clustal W.html ) 7 £k %k 14 %}
amidase-2 J7 B0 & JE R Y 41 55 B8R FE b ¢ B BEAT B 4y B, JF I8 B ESPript

Chitp://espript.ibep.fr/ESPript/ESPript/index.php ) ¥ 1-4F [&l; FI ] DALI /EZ # 5% amidase-2

Fr B 20 55 B v 6 g5 MR AT U o b, R R R s A R e, JE A
PyMOL #AE#E474E Kl A ConSurf server (http://consurftest.tau.ac.il/) *F amidase-2 Ji B
(K KR HUBEAT RSV 208, 9T PyMOL A4 T 1E 14

FEMERL E282. T330 1 Zn™" X amidase-2 B Boif P (& m

BB RAVEN amidase-2 JrBIWAH N Z AR ST RAR . RiLFAifl . SRIGH
AN T SRAE ) amidase-2 Fr BCIEAT A1 MORE /KRG VR AN 5E o X Zn®" 454007 S AR 1)
amidase-2 & [1HE1T ICP-AES LA 5E S8R A R 1 45 & Zn” 1A RE
5.2.4 SH3b Jy BUE MR EFHERAL S KN E

SH3b Bt 5 YR & [ IR 454 E XS 43

FIH CLUSTAL W (http://www.ch.embnet.org/software/Clustal W.htmD) 7 £ £} SH3b
F By B B 91 5 B0 b ¥ B A BEAT B 0 AT, FI2 0] ESPript Chttp://espript.ibep.fi/
ESPript/ESPript/index.php) % 1F&l; FlIJT DALL 528 #2xd SH3b B i 45+ 5 i 12 o
(KSR EAT LEXT oA, $R A B m M s PRI 8 1, 9F A PyMOL SR EATAE L R
FH ConSurf server (http:/consurftest.tau.ac.il/) X} SH3b F Bt [ 45 F4 R 5 FIREA T AR 57 140 #T
FEHI PyMOL P> - A T4 [

SH3b 5EMZIK“AGGGGG” ) NMR i 5 23t

K¢ PN Fric ) SH3b 55 2 Ik BE“AGGGGG 14T NMR 3§ & /347 - 44 £ Jik Bt Fl NMR buffer
ATV, T 100 mM (K65 F5 PN ARICEK SH3b IR TH 4 0.5 mM, K5 521k
BILLT: 0y 1: 015 1: 020 1: 0.8 1: 1.5 1: 3. 1: 5. 1: 7 F11: 10 (LB (mol Eb)
BEATIRAY, BASRER T "H-"N HSQC W5z, A i 5 KA 4007, JERIH 2 2K
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CSP = \/(5HN ) (%N)Z

A FACAEAL Y B) (CSPs) BEATUISE, Horh Sy A1 Sy 43R THa A PN IR 3 i
SRR AW

CSP=%[(1+HKD( L, !

pro lig

1 r
+

pro lig

) —4r]

))—\/(l+r+KD(C

XA AR R (Kp) AT, L CSPoa RN BB HIANIRA T CSP, 1 RoniEH S
LRI BEIR L, Core RARVIAWFR T UKL, Crig o8 2 A RIVRE
5.2.5 B BEORBEIERALAN LysGHI15 ZFE L) 0

s MRSA THFE USA300 H5 5% 0B K, 1 PBS BT —IREZEDE, 2854 ODgoo
A 1.0 Zidy, AENZMRIEIENE Y, KBRS ZIRAGER 120 min, SERCAE
ODggo 1174k o

CHAP F BB p%t LysGHIS ZH@ 5 KI5

¥ CHAP 35 A G I S R SRR A SR Ca™ S5 &0 A 5 78 LysGHIS _FREAT 5 15847,
HBATRIE M, RGN E &SAANT USA300 (248G . K native ) LysGH15 E
PSP Bl

amidase-2 Jy BOCHAL s LysGH15 Z4A83E ML B ma

Kt amidase-2 11937 AR G110 S BE S MR A7 SUR Zn® S 4547 #UFE LysGHIS Fb AT 5 A5
AR, FEATRIB R, SR I e AN SR (AT USA300 485 - K¢ native [¥) LysGHIS
R R

SH3b Fr BB AL S0 LysGHI15 SR m

H i o S B T3 ) SH3b 55 2 Ik “AGGGGGAH HLAE I (& SRR AT 5 4% LysGH1S LidEAT
TERRAL, JFHATRIXMAAL, K5 E BEAS RALARRS USA300 HIZEMETE. HF native 1)
LysGH15 1EHIx

53 4%

5.3.1 LysGHI15 KH % F Biigth e &

XJ LysGH15 ) CHAP A1 amidase-2 4 P& 1 LA S SH3b 45 40 PEREA T I €

CHAP B Al amidase-2 F B MRS TN 2

KA LysGHI5 7EWRE 0.25 pM I aitn] DLEHIL HE s K0 R 1, i S0 CHAP
P BAEHREE 50 pM I A R H W 2 R IETE, SR amidase-2 )1 BOAN I AT ] 247
WP, HSZ24 amidase-2 (50 pM) 5 CHAP (50 pM) IR 3 I A) DL I K T 8
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CHAP J BURBLH RS TE (L 5.1,

1.1 4

1.0 4
0.9 -
0.8 -
0.7
£
b= B =
& L —— CHAP(50uM)
o} —— CHAP(10uM)
0.5 LysGT15(0.25uM)
amidase(50uM)
0.4 4 —— CHAP(50uM)+amidase(50uM)
control
0.3
0.2 4
0.1 r : r T T T ; T . I . \
0 20 40 60 80 100 120

Time (min)
5.1 LysGH15 & &4 R R AN E A1
Fig 5.1 The bactericidal of different LysGH15 domain
SH3b fr B4 ikt e
LysGH15B 5 GFP i 3Rik:
¥ LysGHI5 1) SH3b v Bt (400~483 aa) 5 GFP 4T 7 HiBEERIL, Al 1 4 linker
B (LK 5.2), RIEWHREES 2GRk, WIIERZE T LysGHISB-GFP, JfXi1L
AT T 4litk (K53,
(a) LysGH15B

400 483
1 35 160 197 346 412 481( 495

CHAP ' amidase-2 ’ "~ SH3b
— | T —

b
P His*-tag lil:kcr

LysGH15B GFP

52 EAGMTEE
Fig 5.2 The schematic of proteins
(a: LysGH15 B94E#)~EE: b: LysGHI5 B89 SH3b K55 GFP EERATEED
(a: Schematic of LysGH15 and its three domains. LysGH15B (residues 400 to 483) is part

of the fusion protein LysGH15B-GFP; b: Schematic of LysGH15B-GFP)
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116

66.2

45.0

25.0

18.4
& 5.3 LysGH15B-GFP 5 GFP RyRiz 541k
Fig 5.3 Protein profiles of LysGH15B-GFP and GFP
(1: GFPiFSRIEEHBIBE £iF; 2: #{LAY GFP; 3: LysGHISB-GFP iFSRiE
EHRHIEBE £iE; 4: “i{LAY LysGH15B-GFP; M: marker)
(Lane 1: E. coli BL21 cells induced with IPTG; Lane 2: the purified GFP fraction; Lane 3:
E. coli BL21 cells induced with IPTG; Lane 4: the purified LysGH15B-GFP fraction; Lane M:

the molecular mass marker)
H 1 LysGH15B-GFP 454y 1 (1l 52 «
IO LR A MBI SR I LysGH15B-GFP A] URE S (1) &5 45 o (o B 2 BR A
A o] LLSOR Zr 580 (8 5.4),

5.4 FRAEAZEH LysGH15B-GFP 3f MRSA E#k YB57 HI&&
Fig 5.4 Localization of LysGH15B-GFP on YB57
(5548 YBS57 A4 Hoechst 33342 8, AR SREEN LysGH15B-GFP Ii¥ 5,
ZEHITHAEBERHBENE. A: 405 mm KK TARALRPLERME; B: 488 nm
AT GFP MAZRBRN; C: HEX; D: A, BMICEAR)
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YBS57 was processed using Hoechst 33342, and then, it was incubated with LysGH15B-GFP.

A: Localization at 405 nm wavelength (blue fluorescence, emitted by Hoechst No. 33342

fluorescent dye); B: Localization at 488 nm wavelength (green fluorescence, emitted by GFP); C:

Image of ordinary ray (normal light); D: Overlay of the pictures shown in (A), (B), and (C).
5.3.2 CHAP BB EERA S IE
CHAP ;B 5FIEE B F55 S K L 4
JP 5 LT B LysGH1S ff) CHAP J Bt Y5 plyTW.LytN.PlyC CHAP.E_ amidase.E Gsp
1 L_amidase BA— M [RYEYE, JUIL C54. H117. E134 A1 N136 41 1) DU AR R I
MIAER R (B 5.5). S4h, plyTW A1 LytN 5 LysGH15 (1] CHAP J BER) Ca™ 454547 5 10
KB LR AT p R I R

LysGH15_CHAP

! 1o
LysGH15 CRAP .. .HAKIQA KRL
e MET......

Lyt
P1yC_CHAP
55P0G09
E_amidase
E Gsp
L_amidase

LysGH15 CHAP K
plymi
Lytn
PlyC_CHAP
SSPO60Y
E_amidase

LRE

L EReE
DR ELRe
Q- I[KEMRD A

J LKDTEDD
jWEl8/c YK LK LDHRDG .

5.5 LysGH15 B9 CHAP R B RIF5I 5 HERIIREFFI < 8 89 Lkt 53 47

Fig 5.5 Sequence alignment of LysGH15 CHAP domain and homologous proteins

(Ca'5E

B 12 MNREBRZEREEAERTR, Cys-His-Glu-Asn FOEL{K A 15

, BECIHMEMIERERERET)

(The 12-residue calcium-binding site is indicated by a blue box. The Cys-His-Glu-Asn

quartet and the calcium-binding residues are indicated by filled blue squares and filled blue

diamonds, respectively)

FIF ConSurf server #4471 T LysGH15 [f] CHAP J BRI AR 7%, 454 PyMOL
FEI7, 1330 T 4GP AR PR CHAP F B iR 454, W LU B CHAP 2 111 4 i 1
SER R FEIRIG RSP YRR (B 5.6). Rk, ARATBE AT KBRS T B &
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1 11 21

KTg 1 Rifav®l crv ps yrIxE T s;;;nl i'l ME AGAIEAEG.!

asensbas: Ghrsesenan wensnkesh
£f £ £

51 61 7 81 o

Bafflofjrrro yviwrronk¥ rT [EEikpo1 Eofvclcrk: sEfxerstvEx

bbebbebbee bbbebeeeeb ebeeebeebb eeebeebb beee e
£fs £ ffs

101 111 121 131

kKGwiaWrrlc s ‘HIGI fitpeents r TILEPE] wcl Anm(frxnvﬁ]

bebbbbbeb 2ebebbb bbbe eeb bbeeebe
s £ s 2EE

151 161

ny¥cLruEfE ipvxn
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st

The conservation scale:

B::::5¢ 788

Variable Average Conserved

- An exposed residue according to the neural-network algorithm.

b = A buried residue according to the neural-network algorithm.

f - A predicted functional residue (highly conserved and exposed).
s - A predicted structural residue (highly conserved and buried).

- Insufficient data - the calculation for this site was
performed on less than 10% of the sequences.

f f

£
141

f

£

& 5.6 CHAP R ERBIFFIFRTFREBM AT (EE) REFGHREGESEH (GED

Fig 5.6 Alignment of sequence (left) and surface rendering of the groove (right)

DALI 434738 W] CHAP J Bt PlyC_CHAP. SSP0609. E amidase. E Gsp /! L _amidase

S HA B RN, Hod 5 PlyC_CHAP i RMSD fif% h 2.32 (W3 5.1),

3 5.1 #)F DalliLite #43+ LysGH15 B9 CHAP &5 5 HEE E M EIREH#H#1T

bexsf

Table 5.1 Structural comparison of each individual domain with structurally homologous proteins

using the DaliLite server.

Homologous proteins DALI RMS Number of  Total residues PDB
score  deviation aligned Ca. (range) ID
atoms

Streptococcus phage C1 endolysin PlyC 11.4 2.32 121 155 (310~464)  4F88
(PlyC_CHAP)
Staphylococcus saprophyticus CHAP domain 6.2 2.83 93 115 (41~155) 2K3A
(SSP0609)
Staphylococcus aureus staphyloxanthin 7.7 3.04 95 113 (1~113) 2LRJ
biosynthesis protein
Escherichia coli glutathionylspermidine 8.4 2.66 110 193 (10~202) 2108
synthetase/amidase (E_amidase)
Escherichia coli K-12 8.2 2.71 110 190 (8~197) 3A2Z
glutathionylspermidine synthetase/amidase
(E_Gsp)
Leishmania 8.4 2.61 101 182 (2~183) 2VPS

trypanothione synthetase-amidase
(L amidase)

HM A PyMOL #AFxF LysGHI5 ¥ CHAP Jr BS [RIUS L 1 I S5 BEAT LUAE, 49 R R DL,
SRIAR e AT SR AR ABL, JEIE DR ST IO DU IR A W) 45 BOAR U 5 {H 2 AT LysGH15 [f] CHAP

BAT Ca® 55 s (WL 5.7
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W LysGH15_CHAP
PlyC_CHAP
B L_amidase
5.7 LysGH15 CHAP kB 5EIREE R &M LLxT
Fig 5.7 Structural comparison of the LysGH15 CHAP domain with homologous proteins
(o-MZHEAEERT, p-IABAS LFT, Co AEKERT)

(Helices are shown as cylinders, strands are shown as arrows, and zinc ions are shown as spheres)

£ Pfam 5 21 1¥) PF05257 KIEH, 5 6.56%(366/5579) 1)) 71 5 LysGH15 ] CHAP
Fr B A DUICARAL £ Ca S & s R A B (f [Pk /8 MEROPS HUfPErR 1 €51
KT, 1 36.04% (71/197) WIS LysGHI5 [f] CHAP J BB I DUIBAAAT 5 RT Cat
&5 AT e A R ISR RV K AR IR AT RE S LysGHIS 1) CHAP B —FE#T AT
L&y Ca™'s

7EHH0 Cys-His-Glu-Asn VYBE{A S Ca? % CHAP Hr By Ik

=

&l 5.8 ] LIE F Ca® %48 Cys-His-Glu-Asn PUIBAR (¥ C54.
y <X —

5.8 Cys-His-Glu-Asn TUBL{EA (FE) 5 Ca " Gahis (FE)
Fig 5.8 A detailed view of the catalytic site (cyan) and the calcium-binding site (green)
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FIF EDTA (1 mM) Xt CHAP F B ATACE, SR IENTR 22 EDTA, R )G 5FALFE

(1) CHAP HEAT 40 B /K g s, RIILIE P52 AT 2k . SR % EDTA 4B CHAP & 1

TIAAFI4 8B, RIEA 450 Ca? iy, HIEMEATTLKSE (K 5.9). B Ca®'{E

CHAP F1id A v e PEVEH .

1004 e
90 -
80
70
60
50
404
304
20
10

0 ==
-104

Cell wall lytic activity (%)

wt EDTA ca”* Mg” Fe* N 2zn®
5.9 LysGH15 # CHAP F ERROZMBEBE K iR E TE
Fig 5.9 Cell wall lytic activity of the LysGH15 CHAP domain
(B& wt B CHAP R EX A native EH, EEHILHIY N EDTA 43253 89 CHAP & H([5 uM],
ERMAEMEREFS uM], TEH EDTA FIRERNFERE)
(The effects of different ions [S uM] on the lytic activity of the EDTA-inactivated CHAP [5

uM] domain [excess EDTA was removed by dialysis])

I8 — AR A Sy Ca” I HANRIE TR 13 95878 Sy R IR, AT BT 5 1 R
JOEE ARG TEIE (1 5,100, &5 REW]: SRARYK DASA. D4TA F1 D56A FITEE 4 ek,
M RAZAR YA49A F1 HSTA SEPEAU R B TAR/NME— 7870 (<20%). 34, ICP-AES Kyl 45 3
FWIFEAK DASA. DATA FI D56A 54T Ca™ {55, 1Ml Y49A F1 HS1A [R5 47 Ca™'e
] D45, D47 Fl D56 44 Ca™ SN (K 5.2)0 RWIEIEZL Ca™ N7 AR e+
CHAP 25 VERIVE - -
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5.10 REHY CHAP F B S8 25 (k% Ho4M B B2 RN sl AR A 1 RO 520
Fig 5.10 The lytic activity of the CHAP domain containing different mutations
(B CHAP K ERHIRE 4> 34 50 uM [USA300 E#k]F0 5 uM [USA300 £AREEE])
(The concentrations of the proteins used in this study are 50 uM [live USA300 cells] and 5

UM [cell wall])

% 5.2 LysGHI15 B CHAP K Et £ Ca A LS4

Table 5.2 Ca**-oxygen ligands in the LysGH15 CHAP domain

Residue Atom Distance (A) Keyzrf:si'due':s f;)r
Ca” binding

X (1) D45  ODI 2.36 N

Y (3) D47 ODlI 2.37 °
Z(5) Y49 O 2.13 o
-X(7) H51 o 2.32 o

-Y (12) D56 OD2 2.27 °
Average (A) 2.29

(Second molecule) (2.27)

B-factor of Ca”" (A) 47.41

(Second molecule) (48.51)

* e: indicates the key residue for calcium binding in the LysGH15 CHAP domain; o: indicates
nonessential residues for calcium binding in the LysGH15 CHAP domain.

K CHAP HIPYIRARIE — AL N N2 M, X SRAR AT IR TN E R W 1A E134A SR M
A H By KRS L, VB AN RARBRSR MEREAN K (K 51000 R =AML RIETETER
RAFHREEAER . i4h, K C54 FRAN S54 J5 KL C54S RAAMKEIEWR 4T &K

CHAP 5 Ca™ ZRA1 50 sE

FIFITC 5250, % Ca®%f CHAP %[ (24 44 Ca®) HATHIE (B 5.1, % Ca™
W2 600 uM CHAP IR EN 50 pM IR ] DLSRAHEL AT IR AR, 0 Befin AT A P
A M, THERM GG B 11, SPETIR S ECh 27 uM.
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Fig 5.11 The equilibrium dissociation constant of the CHAP domain in the presence of calcium ions
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5.11 Ca®" % CHAP K EEHI ITC SEESEL

Time (min)
0 10 20 30 40 50
0.15 T T T T T T
0.10 o -
0.05 - 4
0.00 ML(J«LJJM(«IVJ«JMJ*M‘WJJ\%
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-0.10 4 .
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2.00 - i
|
oo MEEEE L mE® ggm "y
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(A: 600 uM Ca’* 58 7E 50 uM CHAP Z&EH; B: 600 uM Ca’ & 7E buffer, {EHIIER)

(A) 600 uM CaCl, was stepwise injected into 50 pM the CHAP protein samples. (B) 600

FIH CD SEEG X454 Ca> RIALE 45 Ca®'[f) CHAP i BelHAT g ab ke , i 5.12,
SRR I R BT R, R Ca® NI CHAP (1) 45 M 41
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uM CaCl, was injected into the buffer as control.

Ca™" % CHAP F B K& M % m

with Ca”

-+ —— without Ca”
104
42 4
14 -

T T T T T Ll

200 210 220 230 240 250 260
Wavelength (nm)
12 &4 Ca " 5FEES Ca’ ) CHAP BEH R EHWNE

& 5.

Fig 5.12 Circular dichroism spectroscopy of the CHAP domain with/without Ca>"



Ca™" %t CHAP F BRI E i Ema
L thermal shift SZHGME T 4if Ca® 5L Ca” Il CHAP FE AWM ML (&

5.13), T AERILI 2°C (A, W1 Ca’ bk CHAP [ ke M HAT i 38 5 Ve

100
80
with Ca™

60 | —— without Ca™

40 -

RFU, Relative

20 4

T T T T 1
30 35 40 45 50 55

Temperature, °C
5.13 && Ca " 5REE Ca” iy CHAP ER A LN E
Fig 5.13 The thermal shift assays of the CHAP domain with/without Ca>"

5.3.3 amidase-2 Jy BRBE ML I E

amidase-2 F Bt [FJYE R B 5 454 LR34

JERI LR 0T (1 5.14) F W] LysGHI15 ) amidase-2 A B 5 plyTW. plyL. plyG. xlyA.
AmiE. AmpD Fl AmiD FBH — & MP A RIS, JEHIE Zn® Rl E282 IR K LR Y
M.

B

1ysGEIS amidase =
130

1ysGH1S amidase LKV
PLYTW VY
PlyL R

Plye

& 5.14 LysGH15 Y amidase-2 K B B3I 5 H EBIEFF Z 8 &Y Eb 3t 53 47

Fig 5.14 Sequence alignment of LysGH15 amidase-2 domain and homologous proteins
(Zn”" BE AN 3 M EEREZEREC=AiFTR, EHLSAEGAERT)
(The zinc-binding residues of this domain are indicated by filled blue triangles, and the
catalytic residues are indicated by filled blue squares)
DALI X2 B LysGH15 [#] amidase-2 5 PlyL. PlyG. xlyA. AmiE. AmiE. AmpD
I AmiD F I SR RIJETE (% 5.3), Hd amidase-2 5 PlyL 45#J LX) RMSD 4 1.62,
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HA gttt . A PyMOL #44%f LysGH15 [1) amidase-2 5 PlyL. PlyG il xlyA
WEAT T S LA, RWIMBATI SR R BAREL, JUH Zn® 85 &4 005 E282 1= IR E W)
e (E 515,
% 5.3 M DaliLite 343} amidase-2 5 RE]IREMIFT Lb 3 547
Table 5.3 Structural comparison of each individual domain with structurally homologous

proteins using the DaliLite server

Homologous proteins DALI RMS Number of Total residues PDB
score  deviatio  aligned Ca (range) ID
n atoms

Bacillus anthracis prophage endolysin ~ 21.2 1.62 146 157 (1~157) 1YBO
PlyL
Bacillus phage gamma amidase PlyG ~ 19.5 1.76 146 165 (165) 2147
Bacillus subtilis amidase xlyA 19.4 1.63 133 154 (1~154) 3HMB
Staphylococcus epidermidis autolysin ~ 17.7 2.24 154 207 (7~213) 3LAT
AmiE
Citrobacter freundii amidase AmpD 12.7 2.42 132 179 (1~179) 2Y2B
Escherichia coli K-12 amidase AmiD 8.5 3.93 155 257 (5~261) 2WKX
A B

LysGH15_amidase-2
m PlyL
m PlyG

xlyA

[& 5.15 LysGH15 amidase-2 K Bt 5EIIRERRIZEM LEXT
Fig 5.15 Structural comparison of the amidase-2 domain with homologous proteins
(aIZIEABRRT, pBASIERR, 2 AkERT)

(Helices are shown as cylinders, strands are shown as arrows, and zinc ions are shown as spheres)

FIH ConSurf server 73 #1 i 7k H amidase-2 J741 H 2 B PR S, i@k PyMOL
VI ] 2™ G5 A5 00 7 R ol v il g 1) 6 B R A0 L IR s I s (1B 5,160
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The conservation scale:

Bz::5 6788

Variable Average Conserved

- An exposed residue according to the neural-network algorithm.
- A buried residue according to the neural-network algorithm.

- A predicted functional residue (highly conserved and exposed).
- A predicted structural residue (highly conserved and buried).

- Insufficient data - the calculation for this site was
performed on less than 10% of the sequences.

m om0

[ 5.16 Amidase-2 F EERIFFIFRTFREBAMA ST (EEBD RESHRE GG
(AED
Fig 5.16 Alignment of sequence and surface rendering of the groove
JEHEL E282. T330 5 Zn™' %t amidase-2 A BOE LRI M
HE 5.17 Al LLE H Zn®' s [E282 A1 T330 IEAFALI T amidase-2 YR Lo

\

5.17 FEMALE (FR) 5 In"EE AR (BE) £ amidase2 EREHTNS T
Fig 5.17 A detailed view of the activity site (cyan) and the zinc site (green) in the amidase-2
domain
H17 amidase-2 FMAFAEARILH KMRIEYE, (EOZXS CHAP RILHEVE I8 5 41 1 o
it EAZ3# amidase-2 SEAZAANGPERT, RIIE amidase-2 T CHAP Y& PE RIS 341 . WK 5.18,
GEABIHTR I FAMA H214A H324A. C332A A1 E282A Il PE5E 4%, 1M T330A {4
B T A% T native amidase-2 — > [13E T
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5.18 A amidase-2 ZREEK (50 uM) X CHAP (50 pM) FETERYIESREE HE

Fig 5.18 The ability of the amidase-2 domain (50 uM) containing different mutations to
enhance the lytic activity of the CHAP domain (50 uM)

5.3.4 SH3b Jr BoRREHEMRAL AP 5E

SH3b J B 5 RYRE A K &5 X F 2t

W 5.19, 7515 M1 LysGHILS (¥ SH3b Jy Bt ALE-1 [F454 X R H AR w1741
[FIJEYE (47%). ConSurf server 84T itk T SH3b [ Bt EERR AR T 404, 454 PyMOL
3217 SH3b 45 A HEIRAT mUPR P PEI R T 25 6 B, 2 W VAR L IR 07 A Sibs H v R DR
P (& 5.20). [FE, DALL fELE 43 HT W SH3b 15 ALE-1 (45 & X HLAG AR i i 45 4 ) s
I RMSD XUl 1.56 (3% 5.4, EEEE] 5-21 [FJFERT AR 3 BOAH A .

fi1 p2 B 4 B3 i p7 i1

o
TT -,

LysGH15_SH3b - -
390 400 410 420 430 440 450 460 470 480 430

T T
e T e o e M- e e e A BB e - o R A o
5.19 LysGH15 &Y amidase-2 F B2 BIF 51 5 H EREF 5 Z 8] ) bL Xt 43 #7

Fig 5.19 Sequence alignment of LysGH15 amidase-2 domain and homologous proteins
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The conservation scale:

Bz2::57H8

Variable Average Conserved

- An exposed residue according to the neural-network algorithm.
b - A buried residue according to the neural-network algorithm.
£ - A predicted functional residue (highly conserved and exposed).
s - A predicted structural residue (highly conserved and buried).
= Insufficient data - the calculation for this site was
performed on less than 10% of the sequences.

5.20 SH3b R EREYFFIRIRTFREBM S A (EED REMREESH (HED
Fig 5.20 Alignment of sequence and surface rendering of the groove
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& 521 LysGH15 SH3b Kt (Ef) 5 ALE-1 &KX (E®) ZElaytkxs

Fig 5.21 Structural comparison of the SH3b domain (yellow) with the binding domain (blue) of ALE-1

% 5.4 7 Dali 3143 LysGH15 SH3b SRR & R E#AI Lt 547
Table 5.4 Structural comparison of each individual domain with structurally homologous

proteins using the DaliLite server

Homologous proteins DALI RMS Number of  Total residues PDB ID
score  deviation  aligned Ca (range)
atoms
Staphylococcus capitis 13.1 1.56 91 98 (264~362)  1IR77
EPK1 peptidylglycan
hydrolase ALE-1

SH3b 5EMZ IK“AGGGGG” ] NMR £ M

WIS SH3b 52 Ik “AGGGGG )i & HHi AT /0T, 1330 T &AL AL A G B i —
YEIE i (18 5.22) 0 1 5.23 7 LU SRR SRR AL mi R A WA FORERE , L 153 B SH3b
HZIKMgE ok 3 mM Aid, B #H A A AR S (8 5.24) 0 P RAEB KB
FILMRAL A : N404, Y406, G407, T408. S430. L1433, 1454 Fl A456, IXELfy i EAE
HFE SH3b ARGk b (& 5.25),
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5.22 SH3b 5% BK“AGGGGG”HEAT 'H-""N HSQC & E
Fig 5.22 'H-"N HSQC spectra of the titration of the SH3b domain with the peptide

“AGGGGG”
0.30+

0.25-
0.20
0.154
0.104

0.05

Chemical Shift Perturbation {ppm}

0.00-
1) b B e T
FARRC AP G G S G R i
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523 BMEXKRPENEERMUSAERBIEE

Fig 5.23 Chemical shift perturbations in the peptide “AGGGGG” titration
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Q
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5.24 % BK“AGGGGG”5 SH3b i E By &R 5 & Hn &

=%

Fig 5.24 Kp values for binding of the SH3b domain to “AGGGGG”
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& 5.25 SH3b 5% BA“AGGGGG M EfE AR S EBR L5
Fig 5.25 A detailed view of the residues in the SH3b domain that interact with the
“AGGGGG”

535 BIEM A BOCEEIMRAL AN LysGH15 2SI

Ht CHAP L) C54 15 Ca®" (545 & 07 )5 AE LysGHI5 A3 SIBHT /E s 5848 . Ak 5.4,
WML R 5 native 1) LysGH15 V& PEAHLL, C54S-LysGH15. D45A-LysGHIS.
D47A-LysGH15 1 D56A-LysGH15 S8R EESE 2 2K, 5 50 CHAP Jy Bt s8R 40 # i)
gi 5, KW CHAP £ LysGHI15 "t SCHE /K MRAEI, €54 il Ca®' thitE LysGHI5 K%
T RERI BT 256

¥ amidase-2 ] E282 Fll Zn>" 455407 s AE LysGHI15 FHEAT & m58A% » WM Seib 26 1] .
E282A-LysGH15. H214A-LysGH15. H324A-LysGH15 fll C332A-LysGH15 584244 5 native
() LysGH15 3G Y2 JC W S (A8 4k . W] amidase-2 £E LysGH15 (3% 1 b B i 4 AR 1

Wi SEIG AR 1 SH3b 5 2 Ik “AGGGGG” # HLAE F M2 FE R A 15 4E LysGH1S T
E R, WHMEE A LK ALK N404A-LysGHI5 . Y406A-LysGH15 .
(N404A+Y406A)-LysGH15. G407A-LysGH15. T408A-LysGH15. (G407A+ T408 A)-LysGH15.
L433A-LysGH15 1 [454A-LysGH15 A%+ T native [f) LysGH15 (TG HE#G T 035 I FRAG, £
HHIZ LS fUHITE LysGHIS KAV TEHEOCHAVERT . BAR S430 7RI & h R I s ok, (H
J& S430A-LysGHI15 A FARKE T JRE e
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R 5.4 TFE LysGH15 RIRINE GE i E

Table 5.4 The bactericidal activity of the different constructs

The velocity of

the decrease in

OD600 (OD/mln)
Control 5.9x10™
LysGH15 (0.25 uM) 69.0x10™
C54S-LysGH15 (0.25 uM) 5.9x10™
E282A-LysGH15 (0.25 pM) 66.4x10™
D45A-LysGH15 (0.25 pM) 5.5x10™
D47A-LysGH15 (0.25 pM) 5.4x10™
Y49A-LysGH15 (0.25 pM) 65.0x10™
H51A-LysGH15 (0.25 pM) 67.0x10™
D56A-LysGH15 (0.25 pM) 5.7x10™
H214A-LysGH15 (0.25 pM) 63.0x10™
H324A-LysGH15 (0.25 pM) 63.5%x10™
C332A-LysGH15 (0.25 uM) 65.0x10™
N404A-LysGH15 (0.25 uM) 21.7x10™
Y406A-LysGH15 (0.25 pM) 30.5x10™
(N404A+Y406A)-LysGH15 (0.25 uM) 23.3x10™
G407A-LysGH15 (0.25 pM) 35.5%x10™
T408A-LysGH15 (0.25 pM) 12.8x10™
(G407A+ T408 A)-LysGH15 (0.25 pM) 11.3x10™
S430A-LysGH15 (0.25 uM) 62.3x10™
L433A-LysGH15 (0.25 pM) 49.3x10™
(S430A + L433A)-LysGH15 (0.25 pM) 44.6x10™
1454A-LysGH15 (0.25 pM) 42 4x10™

The initial ODgg value of the bacteria was approximately 1.0. Different proteins were added into

the bacteria solution, and the ODggy was kinetically measured for 120 min.
54 g

bR T LysGHIS = ANE VR BU =44k, ORI L) 4 e s 4
TR VAR AR I ) = RS HE . AT IWT R Y] LysGHIS 5 3L CHAP v B P 2 4t
T Ca™, Ca’ FifEMIf S %48 CHAP B DUBATE M0 HAT Ik, LysGHIS &4
OB AT Ca® i A AR R . A7 O 6 TR (K 3 PR T Ca™ IR IE,
LysK, LLXIER 7 phill. B30 Fl Ply700 ({547 EE, (H LysGH15 & ¥ YGm L 45 Wi M
E TIXAS Ca™ A, FE B 2 A S miir 7O S e . thtta LU, 5
LysGH15 BAFFIRYETE, Jo G TER O Ca® S5 & 07 s B IR e F A v ) I 3 ik
SAKHT Ca™ (X Se R 1, R AT REAT 454 Ca IHERbE

PiAiIE, HAT helix-loop-helix Ca® 45 &5 LI & 94 #K y EF-hand % (1, Hrp&sisy Ca™
(] loop 3 K 12 ANEIERR KK P40, 1ij“EF-hand-like” 25 [111) Ca” & 417 2 0 2L EE -

(D &ty Ca® () loop MK JEA AL 12 ANEFERR: RI/EK (if) loop B 1) — 445 A4 2 helix.
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4R LysGH15 CHAP FrBt&ify Ca®'[f) loop K h 12 AN FE/, (HAE1Z loop (IR —
A helix Z544, 11 53— MR loop 4544, RIL'E J& T-“EF-hand like”# 4. LysGH15 /&%
SR W RS 56 4 “EF -hand like™# H .

Wii% thermolysin-like 2 Il —FE, LysGHI5 53 CHAP FrBi) Ca™ iitig T 55— R
KEZMRIHIEIAE TS P, BRI S D45, D47 Rl D56 it HMIsESE & Ca®', 1 Y49 Al
H51 WS B8 4E A Ca®', Mk, 24 Y49 FIHS1 5848 G INA RIS, CHAP MRl LA&s &
Ca™, 1124 D45, D47 Rl D56 5845 NN R IR Ca® G5 TN TR T . BT Ca™ Bt
PUBCAATE e Ly, JEILSEAE €54, Brbh Ca” al Bt BiAr 5 LIPS A pi v (1D BB
SR (2) Tt C54 s A BRI R (i . (RS Ca’ 54 Z IR
BN 9 A, Ll 2 MANSTEAE H M LR, 1 thermal shift %1 Ca® 54 CHAP
g E YE R A DTk, RIX CHAP G —E Y. RAZIK C54S F1 C54A HIEPEHTH
KT, 1M Cys 5 Ser Z A [F D XUALAE T HANEEN-SH A4 T-OH, $iH] C54 [1-SH 7% Pk
() R A P DG R IR i o X 5 2 BRI AF B GSP & IR E 7 4 SR A — 35y B2,
M, Ca® IR AT HE R R R C54, AEZ AL T IER AR 10 507, AT ¥ 8 (e

Pfam (38 %2 7 1) PF05257 5% (http:/pfam.sanger.ac.uk/family/PF05257) 5 MEROPS
B EETP Y C51 K% (hitp://merops.sanger.ac.uk/cgi-bin/famsum?family=c51) 7} 54 6.56%

(366/5579) F136.04% (71/197) KI5 LysGHI5 [ CHAP F BU 741 HA 5 i it [ 95
T DUBRAR AN Ca® 45 45 (1 D B SR AV A, IR, JX 2628 (1R A5 7T fig 55 LysGH1S [¥) CHAP
FrBURFERAT Ca™ itk F IS Z Ca® Il

O SRS & W 1 o1l MR A UL BEERTH A 6 ASA2 R
N-acetylglucosaminidase "' **1f1 LysK % [f) amidase & Bi¥ AR IR MRIEE. FFE,
LysGH15 [f) amidase-2 v BCFRAMAFAEI A HAT 2V . AR ADFITIE I LysGH15 1)
amidase-2 HAETE AV, © I LASH CHAP Jr BUZLA#IEME . Amidase-2 )7 BRI BE
&5 CHAP Fr BUIEIANIF (40 i BEAL 224, A Lk CHAP B, amidase-2 JT U)K fh 27
ARBATN: BE HA Y CHAP S8 T YIENEYE . HEBR =M 5, amidase-2 A4 AT LA
FEEE, DRI, ANRIU ST . AR SCRR CARIE LysK ) amidase-2 A1 CHAP f BtJ»
S B 41 MU BE Y N-acetylmuramoyl-L-alanine M1 D-alanine 5 glycine 2 [u) fI4k 2 4
P41 LysGHIS 5 LysK & AL R =ik 99%Lh |, [Ht, LysGHIS ff) CHAP 5
amidase-2 /R ] AEH D) FIX P AME A5 ARSI 58 080 ) 27 IR A1 TR RSB DRI 7)o X B4
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A2 S [ s A D) T LA B AR e (P LY, AT st 4 B (1 5 pe 240,

AmiD 5ILRYIE AW S BIENT, JLEPRIC L T P AmiD 1) E104 5
Zn® LA RAEE RS A T 2o (Ko7, TR SR amide fb2ESESE 0T, it
K159 Frkef4E HY 2 A e Bk st DU T4 LysGH15 amidase-2 )1 Bt 5 AmiD IR KT
SERARRITE, B E282 Al T330 43 XY, AmiD £ E104 A1 K159, [Htt, 1R AT fEm Lt FH1L
(7 R PRSP, [7] I SRR AR (13 P 0 AR SR I —HE VR o 2 AT HRE B B R LA 4
Jfff) amidase £77E—ANE— RSP R LR 2, BT asparagine 7, (H & J@ Howf 43, R L
LysGH15 ) amidase-2 J BERIFE AT 52X N R 288 (N275), DAInT B e 41
MIEAZ A L) amidase #RAF(E asparagine 3X—{R 57 2 SR 7 5

SH3b 15 GFP (¥l 8 I AMUAT GFP WURSIGIRRFIE,  [R]I F B 0 <6 5 66,736 %4 B
W KR et S A e ), PRARAT W A — ARl T2 . %8T- SH3b 5 ALE-1 (455 X 2 7]
() o5 T 7 90 RIS AN S R R, T A R IEAR ALE-1 45 & X AR 4w A 40 e |
IRAEEEI 1) GGGGG, BIAWITL G T 2 KBt AGGGGG, HHEAT T i 5E SE R RIS AL 43 HT
i T SH3b R AEL: AR I S SRR AT A5, I FLIXREAT 2984 Ay TR 20 o 10 512 12 25 5
T4 LysGHIS M2, HAR SH3b AHAREEME, (% T 3K CHAP 5
LysGH15 [ZHAG HEAI 2E30 7 1%, 1] amidase-2 X LysGH15 [RIZH#H T SO mi Eoa,  Firbh
SH3b 45 G AE X LysGHIS e ORISR AR B0 2 1E ] - il SH3b 4 &
PP AT LU R FOAR 4 (K CHAP B S5 4l M BES i e L2 B4, TR R i 7 B A 1) At v
P

55 /g

5.5.1 LysGHIS [ =ANGPE  BURMAEAER: CHAP R I H B A K 1199 1R M iE P
amidase-2 Ji BEANELAT S48 1, 2 amidase-2 FBen] LU 3 CHAP Fr B35 7 s SH3b
FUATRE Sk 45 < 0 €038 28 TR AT (R0 2

552 LysGHIS LKL CHAP J Be 8B In YEIHI T Ca™ IOA7AE, 3 AR DU AR 2L ok
(R FEAR L 2 OGN, CHAP Jv B LysGHI1S 3G vh e G it 4R A5 H «

5.5.3  amidase-2 Jy BURAFIGE BN 2 E282 Al Zn®™, %7 BAE LysGHIS [H4H#Im 1k
o L (R P AR A9

554 Y%ET SH3b HZJk AGGGGG AHTLAEH i il M CBE ( RFERR A 1T, 127 BLAE
LysGH15 (245 It Pl 2R H .
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SR

oIS RN MRSA B )i R AR RS P IR R fA——GH15.

. GHI5 RILHAEF A IBL R, AR AL AN A e [ PR B AR BT L N & 1

. LysGH15 X &35 (R 2 BRI, JUILIE X MRSA L H R 38 48T, 50 pg (1) LysGH15
BIRT DA 206 7 AL TR R A /N B, R BRI N FT W T 6

. JINERT T LysGHIS i =AM v B =445 .

. CHAP Jy BUiS M0l C54-H117-E134-N136 PUICAR, Hirpr C54 [R5 e ¢ Bl ik 24
TEHT, TEPEROIA AT —A Ca¥ S A7 21, 1A SR A CHAP Fr BUS AT /61
FFRAEH o

. Amidase-2 Jy BT HE R OAFEAE—A Zo* S A0 8, S TRAR AR E282 il T330 L[ K
FEKfRAER o

. BT NMR RN & S2HHAIE T SH3b ) = 4ES5H4 LUIL 5 A 2 A AR F AR DGk 2 ik
B4 AN, SH3b FBAfEAK LysGHI1S S ih PE b A s 2R
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