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R INE L E AR phivV208 2 A R A #ATE B fe R G TN, LR E T ORFI0 hae) & L& 2%
B o ft, A % h lysV208. lysV208 7T £ K M 4T & BL2I(DE3) ¥ T &M S k&, &
0.25 mmol/L IPTG #F 16 h /&, #ALiRE X 204 ug/mL. 5 0.5 mmol/L EDTA R4 A B, Hix
B MR E AR )T AN 24.2% K1E4R 5 £ 68.0%. B A AEAF 50 RO, lysV208 &9 R iEAE F IR &
H 45 °C (B8 M 75.6%), FERAFM 7 ZIEE W w ILE a5 Mk % RATR LB (25-37 °C) A,
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Abstract: [Objective] To identify and develop a phage-derived lyase that can be heterologously
expressed with high activity and stability and determine its optimal working conditions. [Methods]
We employed the turbidity reduction assay to evaluate the bacteriolytic activity and identify the
optimal parameters.[Results] Genome annotation and protein prediction of the Vibrio alginolyticus
phage phiV208 showed that ORF30 encoded a lyase, named lysV208. This enzyme demonstrated
soluble expression in Escherichia coli BL21(DE3), reaching a purified concentration of 204 pg/mL
after 16 h induction with 0.25 mmol/L IPTG. Its bacteriolytic activity (turbidity reduction rate)
increased from 24.2% to 68.0% in the presence of 0.5 mmol/L EDTA. Enzymatic characterization
revealed that lysV208 exhibited the maximum bacteriolytic activity (75.6%) at 45 °C while
maintaining high activity (52.8% —71.9%) within the temperature range of 25-37 °C, which is
typical for bacterial disease outbreaks in aquatic and terrestrial animals. The enzyme showed the
maximum activity at pH 7.0 and retained substantial bacteriolytic activity (44.0% —63.2%) under
alkalescence conditions (pH 7.0 — 9.0), demonstrating adaptability to marine and freshwater
aquaculture environments. Divalent metal ions including Zn*", Mg®", Mn®", and Fe*" at
0.1 = 1.0 mmol/L moderately enhanced the bacteriolytic activity of lysV208, whereas those at
10.0 mmol/L reduced the activity (P<0.01). In addition, lysV208 displayed broad-spectrum lytic
effects, showing the bacteriolytic activity of 59.7% against V. alginolyticus V039, 68.9% against
Vibrio vulnificus H1, 65.8% against Vibrio parahaemolyticus GH32, and 38.0% and 65.6% against
Vibrio harveyi TY13 and GI, respectively. [Conclusion] The recombinant lyase lysV208
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demonstrates robust and stable in vitro bacteriolytic activity and a broader spectrum than its source
phage. These findings highlight its potential for the control of bacterial infections and the

development of phage-lyase synergistic agents.

Keywords: Vibrio alginolyticus; phage; lyase; recombinant expression; bacteriolysis

%N (Vibrio alginolyticus)j&— i 24 G
B . NEIEBMPLSEORE, 51 &KA D)
YI Rl 4 B e AR GK R IR, BT
A RIS A BN 1 2T B, SR,
AR R 25 T M 2 B 2 Y B S B A
RITA TR 13X — PR AR ol e R AR 7 12 il
BT I 5T BRI TRAAR T Tk TR T B ) i 24
W, 218 ERER R, HEkE SN R,
W29 T SEPRB o BEXF X — RS, W P AT A
M SR AZ BIOCE . 2B (lyase), MFRNTEZR
(lysin), 2 FHWERIARIE R gty | 72400 1E 3
AR A —Fh 2 I RE IR R B . S5 TR
TRHELE, 21 il EL AT T 0 2 135 R0 S AR Y e
MAES R, S/ANVrFPUE R, SRR
T B ) IR SRR SE S5 A, RE WA ME TR AR
MFReEm A Har, EPr 5 e o it
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A 1) S BT 9 22 48 b T A5 22 IR PH M2
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MU N Y4t A (cell wall binding domain, CBD),
T Z AN BGE RS Ay S O,
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oA BB A BE S A S R 2 4%, AN B A AR
el 224 i Tl X DA 9 4 foh 400 B BE o B KSR A2
AT BRI T 22 i R VR %, /5 28R AL Ah
75 i Rk — a2 P R 2 R s A Ak

fifg il 22 0 B AS 1) , fAIUAS B HoA 5 RE

BEAE T IR S, Gl s = 20 i RE 25 A
REAUE N wfEfbil, 5FEEoh, A
AMEFE TGS, FERIATIE, AR E S
BARAS 1 BRYAEIRE V208 IR 1A phiv208L),
JE R ZH ¥ (GenBank #5575 MT227924) fll 85
HIIREEBAE 2, ORF30 gufith—Fh BA gl
S RE R, RO BRERBEZ Bk = 2558k, £
B 22 TG P T I T A o ol 2 i it Y e 7R A
AENOT AL, K TC AR R B s X, A
A3 A P T R Sk e T AT,
RmEHER &,

v MR 2 B M AN A AIRB iE Y, Ab
TR IV FH 4 A 5 — 78 Dy iRl B . Bai 2511
T A] i A7 (i EDTA)RIA HLER , Bk ik 2
ATSIS I Bl | I i O 1 B e A ¢
I DA AR 24 A I Lysp3 19 C Smigs i 3-12 4~ gi K v
SR, AN S TN [R] 1 i 7K P A i 2R i il
AR TIRSMNETARE ST . T LIRS, A
WG XA phiV208 Y2 3L K lysv208 1E
AR BT, wkE . Fikfgifh, @ik
W RGP A EE Y, #E—20 ik EDTA
WRPHWEE . OV . pH KB o B 55 S
B, DUIA B AL B AR B A R ) A O R A
WA FEIES% .

1 AR5

1.1 BEHRFNEZE T

RTEINE V208 M HE A phiv208, DL
HoAy I T R A A S 2 o B S E R
O TR R A 5 9 e I V039, V214, TYOS,
TY12; & # 1M 9K & (Vibrio parahaemolyticus)
TY10. TY17. TYI18. VP11, GH32. Vp2.

http://journals.im.ac.cn/actamicrocn



4434

NI Jinrong et al. | Acta Microbiologica Sinica, 2025, 65(10)

Vp3; MGHERHNE (Vibrio harveyi) TY13, G1, 4l
153 9K & (Vibrio vulnificus) H1; ¥ [C3K B (Vibrio
tubiashii) TY45; & /K 5 ¥ Ml & (Aderomonas
hydrophila) A009, A015, BI11; 8 fifj 52 {5 45 [T
W (Edwardsiella anguillarum) B79; i 7€ ¥y 2F #9
¥F 7 (Bacillus amyloliquefaciens) TY27; JC ¥ #%
Bk (Streptococcus agalactiae) SA503 Hl4: W fn
HIZIER T (Staphylococcus aureus) YY05 55,

K ¥F W (Escherichia coli) BL21(DE3), F§
SUTMERE AR DR OB A R A W) s SR REIE A
Biowest A F]; JiUki pET-28a(+)., BamH 1, Xho,
15% Hi, Pk 5 il B A1 True Color XU {5 i Y¢ 2 H
marker, A4 TAEY) TR BB ARAR; £
Mz R I8 25 3R (Kana) . 1 Sy BH M 05 B 345 147 il
(20 000 U/mg), JERUERIFEFERHCARAT; HH
IR (BCA ), WAHH@EDOAEYHAA
FRAT]

1.2 ZFEES lysV208 BS54

I FH R 0 S 56 = L I 174 W R AR phiv208
PR, 38 A BT R S AEN ORF30 7]
REHAT 2L B TR R, H HoAir 44 1ysv208., i
SnapGene 4 Xof S i B 36 7 91 64 7 B 9140
Mg F i 1. AR U fE 5 Ik
G, 7E NCBI U9 % (https://www.ncbi.
nlm.nih.gov/) L XTS5 T 480 5 A 5% i AL it Tl
AL ¥ A IR E P50, #H MEGA
i Clustal W S Hr BEAT RS LEXS K B UG LE
XoF SC A4k 22 18 5 MEGA %K 4 Phylogeny H' Test
neighbor JIEZH RS L BW . it NCBI L1
TEZR T3 T.H. CD-search (https://www.ncbi.nlm.
nih. gov/Structure/cdd/wrpsb. cgi) T I 24 fi# i 1Y 14
ST
1.3 RS lysV208 B RIRERIA

DAWE B K phiv208 i [K] 25 Hh i) F 7k B 132
HE ORF30 MM, #it— X514 lysV208-F1
(5'-CGC-GGATCC-ATGTTCTACAAATCATT-3")
FI lysV208-R1 (5-CCG-CTCGAG-TCATGAAGC
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GTCCT-3"), Wi sl fER s b T BamH 1 1
Xho 1 BYIL 5 . PCR U3, H 1% BASHHEE L
HLUK %5 B BE R/ PCR IR & (50 pL):
2xAccurate Tag Master Mix (AG11009) 25 uL,
b FUESIH (10 pmol/L) 4% 2 uL, DNA #ifR
2 uL, ddH,0 19 L. PCR [ 4&A%F: 94 °CHis
P 5 min; 94 °CZEM: 1 min, 55 °CiE ‘K 1 min,
72 °CHEf# 2 min, 35 PG ; 72 °CL 4k fii
10 min, 4347749 5 kL pET-28a(+) W] )5 |
K T4 DNA # W%, B "W AA
BL21(DE3)/& Az & 4 ffa i, 345 51 2 3R A A Bk
BL21-pET-lysV208, LA 20% HAMVE MR 7RI
F-80°C,

Wi AT 10 H 3 A VR A7 ¥k BL21-pET-lysV208
RILE 5T LB Fhle, 37 °CHEIEAHEESE 12h )5,
AR L REALPRBCR T Y5, A% 10 mL LB A
V(%% 50 pg/mL Kana)1, 37 °C. 180 r/min }%55%
12h J5, H1 mL EHAEMF] 100 mL LB 7
(% 50 pg/mL Kana)H', 4RZEREFE S ODgo0=0.6 /&
A, A SR E-B-D-FRACEFUBE T IPTG) &
A FEE 0.25 mmol/L, 16 °C. 180 r/min ZkLE5; 37
24 h, BEFREARFBEEREIR, POk RIBENE
W 10 mL, 4°C. 10000 r/min &.0» 5 min, 7
W, ULUEA 1 mL A% PBS (10 mmol/L) H Ak,
T AV A VKV T ORE 7 R R TR AR (90 W, B R
1s. 1535, 3£ 5min), 10 000 r/min E.0> 5 min
145 3 5 24 Bl Y B MR (5 2 52 5 1 DL )k
PBS # 17 Fi BEHRAE)

1.4 ZUFEES lysV208 FUAEE N E

EBEE V208 30 °C, 180 r/min R53R14 74,
Pt 1% R B0 2= 100 mL LB AR 55 5%
W, FEAHIE SR RS 0, 1-16. 18, 24h 1Y
I E ODgoo (B, 2 HI A KAk

52 T T AR ok 0 2 Rk
PIRvs wAE T, SR 200 pL SN 422 (100 pL
100 pL MK PEROAE ), HA RO
FEEXHE KW TER, 8 000 r/min Z.0> 2 min,
I1-LA PBS 2% il F 2 UTIEM BE 2 ODgog=2.0£0.1
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CAEFRHE & R I BR) . 1 J 2 i T
W . PBS 2% ¥ (pH 7.4) B M X MR 1R T il
(20 000 U/mg)FHMEXT IR 3 ASSL86 4, 53154 X
HEZ1 (200 pL WAEW), &4 3 P17, 25°CF
SN 2 h ]G ODegoo 18, T MU AR, sy
KR
P BE AR R =25 1 % HR 2 ODgoo fEL—
SEIAH ODgoofE)/ 25 FAXT BRA1 ODisoofEx100% (1)

1.5 ZLFEES lysV208 AY4alitk 5iRENIE

BRI ) T R4S 0.22 um AYBERR T UE, 1@
i HisPur™ Ni-NTA Spin Columns £ #F 4fi 1k &
H, f#H Amicon Ultra-15 2.0 i J€ %% (10-kDa
MWCO, UFC9010)#F 17 2% v i B 4 LA BR 3, 15
F 4L )50 B 8 H lysv208, T-80 °CIR A .
FH A = e 5 B IR 40 - SR V9 0 TR e R R R UK
(SDS-PAGE) 43 Mt 4li fk. i 1) 24 it il lysvV208. fifi
FHE A 2 SR & (BCA ¥E) I E B MR EE
1.6 ZUfEES lysV208 RO EIER &4

27 3R 200 pL J2 A 22 FE 1R 1 A
D7k, MR e AN WS T R . 7E4R
5% lysV208 5 EDTA B AR L5 b, AR
HE 100 pl I RE & 15 B R lysV208 (28 ik
51 pg/mL)aY, PBS 2z iy 5 ARk FE 1) EDTA (&
W43 0, 0.5, 125, 2.5, 5. 10 mmol/L)
PR AW . TEAFF A BT Ab TR . X 4K
KA e WA T B TS TR R A, AR A PR
V208 AR T Ze o3BG % 3. 120 24 h W)
X3 AAERKBB) M E W], 8 000 r/min & L
2 min J5 B &, W 100 pL @& W0 100 pL
lysV208 (51 pug/mL)Y EDTA (0.5 mmol/L)AJiR &
W, AT RIS A

LR e RSP
lysV208 1Y frcidi A FH e B, B 100 puL 1 A1 2
J 100 pL lysV208 (253512 0. 8.5, 17, 35,
51, 68, 85, 102 ug/mL)5 EDTA (0.5 mmol/L)
RAWHAT RN, VLA FE 0 pg/mL 414E M X
Mo ERGEERWE T, B iR R i1E R

BN AT B A (10-45 °C), 435l v 2 h
S5 5E ODgoo HIZSA, , 0 22 T F14) F5 335 A FHRLIE &
it —20 W ) Ak R AR pH 9 PBS 2% #h i 1]
I # A [E pH (3.0, 40, 50, 6.0, 7.0, 8.0,
9.0, 10.0) FZN; 2 h J5HKi ODgoo HI7AEAL, Hi5E
fitg 1) fe i S W pHo it — B i &)@ B 1
(Zn* . Ca®", Mg*. Mn*" . Fe’" )%} lysvV208 1%
PER R, 7E 100 uL JRFE & HBR T 1ysv208
(51 pg/mL) F1 EDTA (0.5 mmol/L), &% T
ZnCl,, CaCl,, MgCl,, MnCl, 5§ FeSO4 (& ¥k J&
WE 0.1, 1. 10 mmol/L 3 M), 74l
M ODgooo VAL AT SEBGAH IR E 3 P47,
1.7 ZUFEES lysV208 HYZLARIEH N

I B A phiV208 (1) 24 fift 33 46 I SR FH o5 B6E
PEUON B 10 WL W B AR R R B AT s A L
818 W ERUZ AR [, B3R 12 h 50
A VERBE I, 2B lysV208 1) 2L 1
R SR 1.6 7 vk, A BN G TR A F)
ODq00=2.0+0.1 FJH A, 7E 96 FLARH KA A
100 pL TR AR O T B, LA K 100 pL 24 fif it
(51 pg/mL)5 EDTA (0.5 mmol/L) IR &k, &
AN lysV208 (LA PBS ARED) AL X I8, 6
SR ZE T 30 cCHEE A TIEE 2h, BEE
fdt PRSI 3E ODgoo I AT BITE M

2 BRE5M

2.1 ZUARES lysV208 BIFFI A ST
B TR AR phiV208 1) 24 i il 3% R lys 208
J¥ %] (GenBank % 5% 5 & QIW88961.1) F A
SnapGene ¥ fFH, BIPE A ILRR Y9 Ja #4173
FEPE T 1ysV208 JFEH 751 44K 516 bp, %
i 171 NMEAER, BIe T R/NAR 19.2 kDa.
B s R B, HASHEFESITEI. &
GRBW MR, lysv208 5 91 B M K
PVAL B 24 Bty 5 DR B2 R UR (& 1), A F R —
Oy E 5RO R AR 4 i B L X A SR — B
W L R B AHIT . CD-search i 4% 5 ik 7,
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Ul lysV208 75 2-170 D /R 2Z 1814 Z1iS
(COG3926) % Wil K b ¥ 3k s 1E 1-94 4 F 3
Mg Z [0 47 N- £, e A RE R Bt (cd 13926) 25 4 35 s 7
6-94 MR ILFR 2 8145 Glyco_hydro 108 ZE4 3,
T 45 F B A R A R N- 20 B i BE R I R
(pfam05838) (£ 1), X — & ¥ Jy 24 it il 1) 41 £k
B, AT A OGS A
2.2 ZUFEES lysV208 BImfE, TR, £
ES54i

DLW B R phiv208 3 R 4] oA AR, LU

57

100E

lysV208-F1 F1 lysV208-R1 K 5| ¥ i# 47 PCR 3§~
14, PCR J=WyBERE LUK TE 500 bp 2247 4k 3 5%
W, FA I E 516 bp BIFMI(E 2), WXL
UK H 09 R B %3] pET-28a(+) kL I, K
21 ki % 22 BL21(DE3) &Sz 5 40 b, Iy Jo
)5 LA IPTG 15 S 24 A Bl lysV208 1 K &Ik nT
BEFRIR
AR BoR(E 3), HEEIKE V208 78 )

PRIEFER 0-3 h kb THRZEH, 4-12 h kb T4l
K], 13h ZF#E ARRE . WK E S50
FEME (ODsoo) LIE L, 24 41 B 245 #) 5 3K I I 2% B
Acinetobacter phage Scipio (UQS93271.1)

Acinetobacter phage vB_AbaM_IME284 (AYP68979.1)
Acinetobacter phage vB_AbaM_IME285 (AYP68897.1)

Acinetobacter phage vB_AbaM-IME-AB2 (YP_009592219.1)
Acinetobacter phage vB_AbaM_fThrA (WVH13573.1)

Acinetobacter phage 1L.Z35 (YP_009291906.1)

100

Alteromonas phage vB_AcoS-R7M (YP_009859567.1)

35 ———————— Vibrio phage PVA1 (YP_009009740.1)

Vibrio alginolyticus phage phiV208 lysV208 (QIW88961.1)

89

Shewanella sp. phage 1/41 (YP_ 009103290.1)

Vibrio phage VP16T (AAQ96493.1)

49 Vibrio phage 24 (AIA08697.1)

98 Vibrio phage 381E49-1 (CAH9016514.1)

56 |—Vibrio phage 1.013.0._10N.286.54.F9 (AURS81802.1)

100 yipio phage 1.247.A. 10N.261.54.E12 (AUR9S131.1)

0.05

El1l IEEAphiV208E T 2 iFEslysV20810ZN RS 4 B K

Figure 1

=1 BEESysV208LE K s A TN

Phylogenetic tree of phage phiV208 based on the lyase lysV208.

Table 1 Conserved domain prediction for lyase lysV208

Name Accession Description Interval ~ E-value
Z1iS C0G3926  Lysozyme family protein 2-170  8.53x107%
GH108 cd13926 N-acetylmuramidase domain of the glycosyl hydrolase 108 family — 1-94 4.52x107%
Glyco_hydro 108  pfam05838  This family acts as a lysozyme (N-acetylmuramidase) 6-94 1.44x107
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bp M 1

E2 lysV208E E PCRY &= H A0 R kB . Ukl
M: DNAZTHEIRfE; JKiEL: Iysh208,

Figure 2 The PCR amplification products of
lysV208. Lane M: DNA marker; Lane 1: lysV208.
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t/h
&3 AEINEV208HY 4 sk

Figure 3 The growth curve of Vibrio alginolyticus
V208.

(EHS s A0 B PR ) 2 T e, EAER
IR TR PR P AR I L R R el T e

V208 it R [ 44.8% (18] 4), 3% BH 55 2H 2 it il
WAE T IR IA . E— B alifb )5 iY 2 i i

lysV208 7E SDS-PAGE & H1F* 20 kDa 4b 5t HiL 1
—IHMA, 5RO —3(& 5), BCA K

100 -

sk

Hkk otk
80

T

60

40 -

Turbidity reduction rate (%)

20

0
PBS  Supernatant Lysozyme

El4 EHEREIBFEBFRELBERINSE?Z
A EINE V2088 A E S M
Figure 4

(]3]

Bacteriolytic activity of the sonicated
lysate supernatant from recombinant bacteria and the
control lysozyme against Vibrio alginolyticus strain
V208. *** indicates extremely significant differences
between groups (P<0.001).

kDa M 1 2 3 4

"-—

Es ZEHRPFESlysV2084 L ATEHVEKE . Tkl
M: HEHFEARME; JKiE: BL21 pET28a(+)-
VKIE2: RAEALH) VS KaE3-4: BAALER
UL -

Figure 5 SDS-PAGE analysis of recombinant lyase

10— - ‘

lysV208 before and after purification. Lane M:
Protein marker; Lane 1: BL21-pET28a(+); Lane 2:
Unpurified supernatant; Lanes 3—-4: First and second

eluates from the nickel column.
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T D Sk Y B TR EE A 204 pug/mL.
2.3 ZURES lysV208 RIE(ER&H

7 EDTA B[R] /E FH A& &, Wk B 3 [
0.5-10 mmol/L f EDTA ¥ i Z 42T+ T 1ysV208
XoF s BT ) 9 TR 90 2 (58.6%—68.0%) ,  Herp B
FH 0.5 mmol/L EDTA Hsf {35 B 1 ¢ 155 (68.0%)
3 TC EDTA 21(24.2%) 85 T 2.8 £%(1& 6A).

ME— 253 B X AS ) A= K Bt 10 32 3 I T 7 3
B AR (] 6B), 455 EIR lysV208 X 7 #E 5K A
XA KA R R VA TR TG R 61.7%, X ReE
WIEIRRIETERE R 10.3%, FII2 R VE PR
RE S AE K B Bem U oG, e 45 R PR
ST A AP P RO AT

e S A (18] 6C), Sl 1ysV208
F14) VS RT3 7 i L e 4 v T e S R . R,
TEM Sy 51-102 pg/mL X ] 28, 1% X 6]
VS TR AR R 9.2%, 73 VA 5 4k 2 18 I xof
TEP R R 25 AR

TR R R MR SIS R B (K] 6D),  1ysV208 19 i
FEVE IR EE A 45 °C, IERHAEE IR 75.6%,
MAE K A= Bl 7 28 i 26 Sl W D %) 4 R 1P 9
WATILEE (25-37 °C)JLFE M, lysV208 L H 544
AT TG TE(52.8%-71.9%).

pH Fa e PE S K48 78 (K] 6E), 1ysV208 7F pH
7.0 2L AE 1B 1 (63.2%) 0 FRVE 5512 T BEHG K
W@ N R, S5 ERPE SR AT T (pH 7.0-9.0) il fRAFH
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Figure 6 Factors affecting the bacteriolytic activity of the recombinase lysV208. A: Final concentration of
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Final concentration of metal ions. Different lowercase letters denote significant differences between groups

(P<0.05).
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letters denote significant differences between groups (P<0.05).
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