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Abstract: [Background] Streptococcus parauberis is a major aquatic pathogen which has gradually

evolved new serotypes and multi-drug resistance. Therefore, it is urgent to develop a new antibacterial
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drug for the prevention and treatment of the disease caused by this pathogen. Studies have demonstrated
that a lysin encoded by a prophage can effectively kill the host and has a good prospect of antibacterial
application. [Objective] In this paper, we investigated the host spectrum of the prophage lysin from
S. parauberis and optimized the conditions for the lytic activity. [Methods] We used bioinformatics
tools to analyze the whole genomic sequence of the S. parauberis strain KRS02083 and discovered a
lysin gene Sply828. By gene cloning, protein expression and purification, we obtained the lysin Sply828.
We then evaluated the activities against different bacteria and the optimal lysis conditions of Sply828 by
performing the turbidity decrease assay. [Results] Sply828 displayed the best activity against fish-derived
S. parauberis and exhibited the highest activity against the bacteria in the exponential growth phase. This
enzyme had the highest activity at 28 °C and pH 6.2, and its activity can be improved by Ca’" and Mg**
while inhibited by Zn®", Cu®’, Fe*", and Ni*". [Conclusion] The prophage lysin Sply828 existing in the
genomic sequence of S. parauberis possesses efficient and specific bactericidal activity, providing a
preliminary basis for the prevention and control of the disease caused by S. parauberis.
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J5i kL pET-28a(+) Al £ Y5 &l 3L F5 5 Bk 14
(Streptococcus parauberis) (KRS02083, NUF1003,
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violaceum) 12472 2525 % S i 5 AR
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I . M NCG™ chromatography system ¥ |-
TR _EFEZ NiERIA, 285 DA buffer B (10% 1
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1722 WA

B4 Microbiol. China

SITIZER AR RB Haitb g5 R .
1.2.3 ZfEfEs Sply828 WA RMEHIRBEIE
T
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£ Y5 @l 7L 55 4% BR 1 (KRS02083 . NUF1003 .
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[RFLERTE NUF18., AHEZEAIAF A ATCC 6633, 4x
WO A BRI ATCC 25923, 28 (0T 12472,
WA Y4 FYECT M DI BRI T 4 °C.
5000 r/min Z.0 10 min YEEFHA, A 20 mmol/L
LPREE R WP (pH 6.2) BB R, TR ., H
3K, FHERW ODeoo N 0.5-0.6, R
08 ok S 56 VTN R A G Sply828 BRI
AR B0 . 78 96 FLA P A 88 uL il 75 4
MR . 2 ul Ca™" (ZWJE 2 mmol/L)FI1 10 uL
Z4fR T Sply828 (LAWK JE 35 pg/mL), PAZRE
GEhCA TR, 28 °C K 30 min J5, FHEERR
AT 600 nm W E OD {H . SEHE R 3 0, B
SERBCOFAE
1.2.4 ZifEREE Sply828 M AE KA M E /Y
REEMED T

B IR % 118 B KRS02083 B, %
1%3FI 2 60 mL THB WK 3E, 4053
11 AELES, 8% 5 mL Bl 20lREFE
1.5.3.4,.5,.6,7.8.,10, 12f14 h 5T
600 nm Kb I 2 B RO RE 5 LA AE 09 TR RO
FE PR, BRI AR AR AR, 2l AR K
o M 1.2.3 WMEEBEEER I, R
fif i Sply828 XAb i i HH . Xof i S AR e 1]
i) KRS02083 A% T8 1 1 .
1.2.5 ZifRfEE Sply828 iKENMHEREFEIER
A

ZM1.2.3 MR IR SIS Tk, sl
AN TR 2 2 1 2 i Sply828 (2.5, 5. 10,
20, 35 Fll 50 pg/mL)ZE R SLIRIKR, 4§
G % LA T 1) B AR BSCR RTHRE

1.2.6 REFA pH X R AEEG Sply828 REIE
ekl

Z:HR 1.2.3 MRS SR RS I v, AN R
4. 15, 28, 37, 45, 55 fil 65 °C) &M T3
fi# i Sply828 MUZNTIETE, PRUIZHEI Ik A
FRE; MR E pH 4.2, 5.2, 6.2, 7.2,
8.2 1 9.2)%L ft i Sply828 FUATH &M, #RiTix
it 1) f5c 305 A8 R pHLe
1.2.7 ZME&ERBBE FXHER Sply828 REE
4% B4 22 M)

Z M 1.2.3 MRS A, A
LY JE K 2 mmol/L Ca**, Mn*", Zn*", Mg*",
Ni*", Cu’"Fl Fe’ X% 24 fift it Sply828 A% i T P 11
SR, I LLAHE 2 mmol/L ) EDTA FIA %
AN AN 42 B B T I 220 (CK) A i B [ i)
W5 AR Ca B FHE (0. 0.5, 1.0, 2.0,
5.0. 10.0. 20.0 mmol/L)ZLfi#iF Sply828 1) 4% &
TEE
1.2.8 mMEHTHAEDE Sply828 FEFM
VRl

HR 6 B R 22 4510 T 2447 1 Sply828 R IATE
PERYZE R, DT B4 12 il A TR PR B SR P 2 A7 o
DL B 75 3 5 KRS02083 MRy, S8 1.2.3
PhRE SR S i, AEmAL SR T R AR T
TEHESEATIE , I E T 54 REE
S T R ) B v S TR M I 25 S
1.2.9 HUED

FIH GraphPad Prism 7.0 3k {442 & Al o0 #r
kM B 2R T 22 43 BT (one-way  ANOVA) Fl
Dunnett’s test 5 AN [7] 5544 T 24 Ak il A% 71T 1
M2ZE5, P<0.05 UREABENZES.

2 X504

2.1 ZUfEES Sply828 HIAEMIEERF L
Xt R FL S BEER T KRS02083 J R 4
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1 257 ML, it 418 NEILER, N—FhELfE
fit} . ExPASy FIIZEE IR SrF 10 46.2 kDa,
AN 6.38, AR LR T 5 Hx
G5 RN, ZLENG Sply828 5L ik bk i 2L i
fitf(WP_046390798. ) HLAT 74.5% M5 [t , =
B B B m i — 3k, A5 H A R AT
FEWE TR AR I 24 f g — B3 IK T 47.1%. Phyre2
T 2@ R Sply828 Zhkyiizh i R(E 1), %
¢ 1 4 Amidase-2 4550 (AA 182-322)F
1 402t A 45 #4)38 (cell binding domain, CBD)
(AA 352-418), FHIZMNEEA AR 522 [
P T S A A S AN 45 B S 2 A BB

N T B Sply828 5 HAmE B Y
SUFEBEA IR, AT EE T A RS K
R 2), S5REB, X 8 P ILak 2 Al
SRS, HH SR Sply828 5 ER FR I A
1A Str-PAP-1 ZL#BE(YP_009188468.1) 1% 75k
BR T BE R (WP_164683440.1) 58— .
2.2 ZUARES Sply828 EAM KIS Ak

SR Sply828 1Rk Halifb s R
Kl 3 Fs, M TJSET, A IPTG %5
RAWHA B Z N —FEAKN, KAOANT
42-53 kDa, 1E#F5IZEHR/N46.2 kDa)tH
WG o MR IS S e 0 i B
o515 0 H I P 5 EAR 2, Ul
HORRIEEE , JF R R E BT R AR Bl
HIEM . Haifbi3 824 Splys28 &
B AT EI A7 buffer (20 mmol/L Tris-HCI pH
6.2, 1 mmol/L DTT, 50 mmol/L NaCl, 50%H
HNH, 4 NanoDrop 2000 8 i 73 Y66 EE T
PR BN 1.4 mg/mL.
2.3 ZUfEES Sply828 WARMEHRE
A

Y17 Sply828 X /N [m] 4 BT 14 A BT 11 14k 2%

R 4 R, KBUZEEXT 6 Fk iR FL 55 5k
BRIE 1 % KRS02083 ., NUF1003 1 NUF1071,
11 % NUF1032, R4 2007-1 F1 NUF1095 f 4%
BRI AN 66%+3% . 66%=1% . 61%+1%.
68%+2% . T1%1%H 67%1%. 754k, 2% xt
2% PO BH M A A TCFLBR TR . A 2F A AT
BRI 4 (0 2 B R A PG M T i 1 R
FROE . PAASIIER . 4 QAo M T JE R TR P
FIRRFIEEE AR, RAREG Sply828 MR
TR LA B I TE A

2.4 ZEfES Sply828 X ARAE KA EAME
BREEME

S Sply828 XT15 I KRS02083 HA
IR TR AR, BRI T 2 B AR 1 A K il
LK 5A). Z5REW], 18 F W KRS02083 7E
0-4 h BHbFAKEN I, 4-8 h BFbF X4
9, 8-14 h Wb FAEKREW .

SRIG, AT EEGER 2.0 6 Fl 12 h I9IGFRY)
PEFT IR R I S, S5 IRANE] SB s, DIEESR
Py hb 38 B S G, SR Sply828
A TGP R 50%; [AEE, % B 45 50k
KW 24 im ek 64% LA b, RIZEENT A4 K
FEXTECH ) TR AR TR RO 80T o SR, Il X
TR E AN 4% A REENE, UL
XS P A T R TR RO A 22
2.5 ZUfRES Sply828 ERIKRENHERERE
4 B4 82 M

LM Sply828 A Mk B X HAR T E MY
SEMR AN 6 iz, 45417l Sply828 VK FE (LT
20 pg/mL B, IZBEEAR TSR T 56%; 4
B BE R 35 ng/mL B, HOREETEYE R 64%; 1
MG B 35 ug/mL FFFE 50 pg/mL B,
HORBIG AR 2%, £UZEENEEAHE
WA 35 pg/mL,
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Spa MV YLDPKSRULNNGYDHDGa WQCWDIG[FAEWCIVTNGIPIIMNTDP . . VNH[SGYAK[D LWELRKTNGMIT
Sub MVS‘YLDFKSRVLNHGFDHDG~ WIQ CWDIGIF AEWCIVAN|GIPIIINTDP .VHHTLYAWPLW ELIRQISNGMLT
Sph . .MTTNSEILNYANSLTNTF PITNKWG|S| CF RVDKIV@HF%DKN..LSY;NATDRTKﬂAKSNGFVHE
Shy «offeecericaniancanas P 11 U ) s I N N OO L 0 S ) SRR Y [ T .
Psp DYKTFKSKWMNKGTDVD|G W (th]AQN(RENGVHFAHCT ..... VG'&VKTLHEQRR‘ LK
Ssp IDYKTFKSKWMNKGTDVDG W FHDFYA@WPRENJVHFANCT ..... §F{VKLIWFQRR JK
Bsp ‘NYQEFKKKNYNKGVDUDG F PNDSFn@JTKENFVUWIﬂTTPVSQGGJGY KLLHQKKV~ ILN
Sag MsTYQEYKSRSNGNAYDIDi IAIQ CWDG|Y AID[Y CIK Y LIGLP]Y| NCTN..... TGYARDIWEQRHENGILN
70 80 100 110 120
Spa Y| VETMEGG . .[DVIA[T MPISEHVAIFDSD ID[GVYGWF LIGIONQG. GVPYASGGS . « v e v v v v vt
Sub ] DEVETMEGG. .[D TﬁSSHVAEFDSDIDGTYGWFLGQNOGSTITHPSGGS ..........
Sph M GPNFAPKAT.. IPYGHIGMATTDSDGTEIIGLEANVDGFTDTNADGVNDQYQVGGPV
Shy' wlvwsfosisiomsms T W e s | Vi
Psp YFDEVEIMEE. .G SHVALFDSDAG|GGE
Ssp YFDEVEIMEE. SHVALFDSDAG|GIG|
Bsp Hf DE\PISQLKEG'» WIPIVISHVALFDRD IDIGIKY
Sag Y[FDEVETMQAG. [TPlY[SHVAIFDSDAGGG]
130 140 150 160
Spa [NLVMLF YSA|T "RVKKKVEGTONMGT. .. ..... KNINGD IR§S]
Sub [FIN LIVML[P Y S A[T|Y| IKKKVEAAKSMGT........ KNVNGD IR4S|
Sph FVISGINIKI|G YILP TDKKGEPMGV. .. ..... KNVNGDIKS
Shy |alseal s relnmmmadals o 1Y ———— £ 1 - KNINGD IS
Psp | NLIKLPYSAT” LIKKKATQVNTQGGNTAVAVPAKNINGE Ip4S
Ssp INLIIKL|P Y S AT| LKKKATQAKTQGGNTAVAVPAKNINGE IMS
Bsp INLICRF[P Y S A[L[Y]] LIKKAN. . . TNQGGSKTVALPV[KN S
Sag NLVKI[PYSATY| PKISFKNAVTVTGN. - . ... .. F
180 190 200 210
Spa GSNGE&DIKSIKYIULHFTYGL@ RWTG. . GREASAQ
Sub GNWGVRDMES|IKY|IVIHGT|ILGL|S AWTG..GROAISAN
Sph GSWGERDMKA[IKY[IVLHG[I[YGLS TWTIVGGRD . AlSAlD
Shy HSGGERBLSAIRYLVIH@TATTN TWLKSRNNQT[SAN|Y| N
Psp ‘..TKIDRIVIHHNATTN TWYVSSGHGTS AHY| GCVGENY]
Ssp . - VK[IDR|IL I HHNAS TN TWYVSSGHGT[SAH[Y| GCVGENY]
Bsp « . TK[IDR{IVIHHNATTN TWYVSSGHGT|S AHY| GCVGENY]
Sag .AGTTKTIIabSESIQ ROQANT....L . il ] e ) o e S N SR

250 0
NONEIGVERVNN |1 EfT] CIKE
SIGIEHVNA VE CIK[8]
ISIGVEHVNN| I E[T| Z|KIR
ISIGIEHINS| LEN| K|R|
SIGIEHLNN|. . Y R| /B[
SIGIEHLNN|. . . . . TGAPTWTIAEE[T|YR E
ISIGIEHLNN|. . . .. TGAPTWTIAEE[T|YRN| EfF
320 0 340 350 360
Spa PAY[TDKVKQYYNG[T KPP KETKEIVASNEQTS . v v v v u v e v s ans FERLLIFDEDLNGYKKGDYL
Sub DDYVKKVLSYYNG| KE[TPKTAPN|QP . NKQPS. .+ +vvv2sss.. . ARIIVFDEDIDNFKKDQNW
Sph PAY[IDK[VKQY YNG|T KPP KETKISVASNEQTS . v v v v v v v v v v uuw ARLILIFDEDILNGYKKGDYL
Shy DDY[VIRRVIQKYYNG|T ITloKl- - @8 TRITOBGELLE i« o e iiiaid e ME[FITFQVS|GDKAYDPRTVY
Psp DRL[VAMARGAEYV(T KP|SIAPGKMQHAYRVDDLKYVNGLWQVYSKELVP[VSFNWTDNGIAVEDIII
Ssp  DRL[VAMARGAEYL|T RP[SIAPGKMQHAYRVDDLKYVNGLWQVYCKEL[VPVAFNWTDNGVAVEDIII
Bsp DRL[VAMAKGADY V[T RPP|SIAPGKMQKAYRVDDLKYVNGLWQVYCKELAPREFNWTDNGIAVEDIII
Sag J ......... 5 5 ey ) S e S SRRt e e e [ ) 3 (e (] [ e e e
Cell binding domain
370 380 390 400 410
Spa LLNFDRGTYSKVNDKAEVDFIKKQNTG..... IQIEHVSKAYPARVRYIQGFKINKI........
Sub LPNFDRGTYNYIANTEapKEIquapD ..... IQTEHVSKKYPAHIRYIEGFNLVNLDK. .....
Sph LLNFDRGTYSK[VNDKAEVDFIKKQYTG..... IQIEHVSKAYPAHVRYIQGFKLINKI. .. .....
Shy YANSARGIYRGLTDIDEMNVIKNINKDSTGRDMPHYKWDAKAPWYJMAIVGMQLKKI ........
Psp  TDKNGVKLPNQVT L

YFVFDQIIATGDTGVGGVGDGNYYWRKFKLRTSGEIWLSAWNLNHLLFG

Bsp TNKDGARLPDQ T YFVFDQTPTADTGYGRMGSGGWYWRKFRLRTSGEIWLSAWNLNHLLFG

YFVFDQTATGDTGVGGVGDGNYYWRKFKLRTSGEIWLSAWHLNHLLFG

L T e e e e e o Py e e s e (L RS Rt | I A
1 HEES Sply828 SEFEEHEERFILLITLER  Spa: RIFLFHEERENCBIL 5741555
0K020191); Sub: FLF5HEERE (NCBI JF4 &5 WP _046390798.1); Sph: HEEREEMEFIANCBI £ 41 %

SE5: YP_009188468.1); Shy: J&/4EERF(NCBI FPAI &SRS : WP_164683440.1); Psp: %6 B I 1 4
(NCBI J¥3I %55 : DAO83705.1); Ssp: KEWERIANCBI JFHE 35 DAI9S971.1); Bsp: R
HR(NCBI J7 4% 5385 . DAH19967.1); Sag: JoFLEEEKIE (NCBI J7 4% 5% 5 . RRA73500.1)

Figure 1 Alignment of amino acid sequence of the lysin Sply828 and its homologous proteins. Spa:
Streptococcus parauberis (NCBI sequence accession No.: 0K020191); Sub: Streptococcus uberis (NCBI sequence
accession No.: WP_046390798.1); Sph: Streptococcus phage (NCBI sequence accession No.: YP_009188468.1);
Shy: Streptococcus hyointestinalis (NCBI sequence accession No.: WP_164683440.1); Psp: Podoviridae (NCBI
sequence accession No.: DAO83705.1); Ssp: Siphoviridae (NCBI sequence accession No.: DAI95971.1); Bsp:

Bacteriophage (NCBI sequence accession No.: DAH19967.1); Sag: Streptococcus agalactiae (NCBI sequence
accession No.: RRA73500.1).
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Figure 2 Phylogenetic analysis of the lysin Sply828. The numbers at the nodes represent the bootstrap

values (out of 1 000 bootstrap replications); the corresponding protein accession number in GenBank is

shown in brackets; the scale bar represents a 20% sequence difference, the shorter the ruler, the closer the
kinship.
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Figure 3 Expression and purification of the lysin § %\‘)QQ ,\'S\-’ W%O %&%J
b
<

Sply828. 1: PageRulerTM Prestained Protein Ladder;
2: Total bacterial protein before induction; 3: Total
bacterial protein after induction; 4: Supernatant 4 ZfEEE Sply828 M AR MAE AR EIEE
after sonication; 5: Flow through fraction; 6: Figure 4 The bactericidal activity of the lysin
Purified protein Sply828. Sply828 against different bacteria.
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Figure 5 Growth curve of KRS02083 (A) and the bactericidal activity of the lysin Sply828 against bacteria
collected under different growth stages (B). A: 2, 6 and 12 h represent the time points for collecting bacteria
at lag, logarithmic and stationary phase, respectively; B: Different lowercase letters indicate significant

difference (P<0.05).
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Figure 6 The effect of the lysin Sply828
concentration of its bactericidal activity. Different
lowercase letters in figure indicate significant
difference (P<0.05).
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Figure 7 Effects of temperatures (A) and pH (B) on the bactericidal activity of the lysin Sply828. Different
lowercase letters indicate significant difference (P<0.05).
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Figure 8 Effects of divalent metal ions (A) and Ca”" concentration (B) on the bactericidal activity of the lysin

Sply828. CK: The traction without a divalent cation; Different lowercase letters indicate significant difference
(P<0.05).
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