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Abstract:  Sus scrofa lysozyme (SSL) was digested by different proteases to find peptides with enhanced antibacterial
activity against gram-negative bacteria. Hydrolysate with the highest anti-bacterial activity was loaded onto a gel filtration
chromatography column followed by a reversed-phase one. The obtained substance was identified by liquid
chromatography-mass spectrometry, synthesized to test its antibacterial spectrum and analyzed for bioinformatics. The
hydrolysate of trypsin showed the highest antibacterial activity. By purification and identification, the functional peptide
with sequence of A-W-V-A-W-K was obtained. The peptide was synthesized and proved to retain partial function of SSL
and had activity against gram-negative bacteria. By bioinformatics analysis, the peptide was found to locate in a
helix-loop-helix structure, suggesting that the peptide may kill cells by penetrating cell membrane and cause the outflow of

cell contents. The discovery of the peptide could lay the foundation for improving the antibacterial activity of SSL.

Keywords: Sus scrofa lysozyme, Escherichia coli, antibacterial peptide, antibiotics, membrane penetrating
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il b, R SRR U 3 SORH A g i 2
BB, MOKR b r #A5 5 SSL ARy Hi2
FCBAPE B BA AR AR IR . X i Ik Be b 47
A5 B B DL SR R OB, S
— A BEAE SSL HAYMET . Hg s T
AE 1 S L HR A

1 MRET %

L1 w8
L1l BEFh 5ROk

SSL K% £ iA A& BL21(DE3)-pET28a(+)-
SSL, HIASEIRZ M3 . SSL B b i o ik v
KW Escherichia coli ATCC 25922 . 4 {0,
W BRI Staphylococcus aureus ATCC 25923 | ¥,
HIA KA R Klebsiella pneumoniae CMCC(B)
46117 H 4k FE FT# Pseudomonas aeruginosa ATCC
15442 UL N0 1] R AT B Salmonellaenteritidis
CMCC(B) 50335, Wy H JCHP4E 52 547 IR S w5
VB BERRERTE Micrococcus luteus ATCC 4698, W
H ot @ AR YR A BR A A 5 A AT
Bacillus subtilis (Wild Strain, WS)FIf#iE ) 21
¥FE Bacillus amyloliquefaciens (WS) HIAS 5256
EXUS 8
1.1.2 A SRR

HEHEE (Pepsin). EEHEE (Trypsin).
W I (Clostripain), (A igaiFHEE . 20§,
) B Sigma-Aldrich 23w 5 BERE {435+ Superdex
peptide 10/300GL I H 361 GE A w5 [ AH &
a3 XBridge Prep C18 Il H 32 [& Waters 23 Al o
FERER IV SR PR, WA Oxiod Aw]; H
R WIBE bSE i VT2 3 I & WES P2 R YT S ) RS/ IS
LB #5555 (g/L): BEEHEHY) 5, WA F I 10,
NaCl 10, g 20 (B4R F3E), AR pH, 121 C
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K 20 min, TSB {5373 (g/L): BEMANK 15,
KEGHEMAK S, NaCl 5, pH & 7.240.2, 121 C
K 20 min,
1.1.3 {5 RF

Dimension” Icon™ i ¥ J1 @ s, £ H
Bruker /A A ; Spectra Max Plus 384 St i i b
1%, 2 E Molecular Devices 23] ; AKTA™ avant
25 EAAML RS, £ GE A+l; IKARVIO jig
IR RAN, T8I IKA A ¥ ; Partec PAS 1111 i
YA, #:E PARTEC AH]; Scientz-10N ¥
THEHL, TR Z AR RO A RA A
1.2 7%
1.2.1 SSL HABRHE

SSL 11 & I Je FLA2 12 BESCHR [4]36 47 - SSL
Fih1E £ IPTG ¥ E 4 0.1 mmol/L. 25 C,
200 r/min 5F FiEFRE 8h 5, B0 L.
P A PR A S, R AR AR AR R Y T
HEAT R . B IR Zat— 0 1 Uk Ak nT 15 5]
4 EE N 90%LL Y SSL 7t . Ak BT 4
AT T-20 CHRAF#
1.2.2  SSL W ZE A /K %

3 HIFREL4 63 1.2.1 121 SSL ™ i 70 mg,
F 1 mL 0.03 mol/L NaCl & (pH 7.0) & f#,
HII 3 200 A A 4 mL (98 A BRI (50 mg/mL
W & 1, pH 2.0;5 50 mg/mL JBE % (17 , pH 10.0;
5 10 U/mL BRI E AR, pH 7.5), T 37 CA&MF
Tl B 5 4 diKIR T, A 4 mL
BEABHAW, 37 CRMEKZIE, WA’ pH
% 10.0, A 200 mg [ B BG4k SE [ 12 he
80 CHRIE 30 min il K TG 25, 10 000 xg &L
5 min, B EIEWT 0.22 pm MR 2 5 AT R A
TR R, R REPT P TG e K R R T
— et H, BASLmAT s A
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AN SSL A 2R 11 B o
1.2.3  HUEETE MW DL K Bt v B A B AR B vk
F (Minimal inhibitory concentration, MIC)

KA VR A e TR 3 T 2 B SR [91 7% T vk
HEAT o FERTHAM sl fe b, KK E. coli
ATCC 25922 Syl & #E A7 5 IE M. 5K
PO R PRSI B, X L1 R R i T
WA AR AT 0 Fr . MERT S 3 A P17, 4558
Phx+s MIEERIR . X SEE0 4] 50 B2 i 25 21
HEAT e Kr e, AT LR A R 25 5 M

UK MIC Mg 2 BESCHR[13 ]34 7.
TRAC PR R Bk BE R A 1 3] 100 umol/L (250 pL
TSB 3557 H i) o Hrh AN Ine o ik i I oy
BRI BE, AN i 3 T 1 470 T R TR Sy B A ot
B, MIC 5 SCHARXT T FIMERTREZH ODgoo JCHH
028 A A 3 2E X I T T R R . D s
B3 AT, R Y s BTN
1.2.4  BERBGTUR G55

PO TS B e R KB, 4548 0.22 pm
IR U8, SR e b 28 e i 8 €23 Superdex
peptide 10/300GL. i}y 0.5 mL/min, i zh4H
7 20 mmol/L f PBS Z& #hi (pH 7.0), & 1 mL
RV VBT B — A SRAEAE o T A 300 e 4
AORE S AT IR E Aops WNZE ,  [RIN EAT TR
W (R AT .
1.2.5 AEH&EAIESE

TEFREE 1L U8 43 25 5 AR G, T BCAR I 2%
4% Agilent 1100 series 45 41 41 Phenomenex
luna C18 column (7.8 mmx150 mm, 5 um). ¥isl
HAE 0.1% TFA FJCH Milli-Q /K (A) Fl%
0.1% TFA B ZJE (B), RSLi#E N 10 mL/min.
B B VE ALY M 0-5 min, 5% B; 5-30 min,
5%—-50% B; 30-35 min, 50%—-80% B. 2£4M&:
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M, KK A 225 nm. YHE HPLC P
X SRAEAE | TR 78 % 2 5 1 0.03 mol/L NaCl
VW (pH 7.0) #hFE 2 RAEE A ISR, SR
EHGTHETEYE () E. coli #17).
1.2.6 ¥WEREEA (Liquid chromatography-mass
spectrometry, LC-MS) %X

Xof AR ] €8 15 A5 3 Y LA TR M TR
[ AT LC-MS {434, LC AF b ikt
Phonomenex luna C18 (4.6 mmx250 mm), ZJfi§
() =K (97) : HR (0.1) YEMUFNM As L
(70) = 7K (30) = WA (0.1) YENURBIAH B. Vel
/¥4 : 0-10 min, 100% A, 0% B; 20 min,
70% A, 30% B; 30 min, 0% A, 100% B; 35 min
100% A, 0% B; i, 1 mL/min; A1, 30 C,
BUg b st BAERIE, 3.88 kV; [l
PRHLIE, 20 Vi B IR, 120 Cs EHERE,
300 ‘C; ¥i#, 1 mL/min; 43¥ikk, 50 : 1.
MassLynx #f4: (version 4.1) X J5iiik a4 k17
IIHT o BB BT AR B Y E AR RR e 91 # BR AT B
PN R SR HE P 5[] B A Hhs Fk 2 P 6 ) A P Aoz
AUVG K A SSL e AT BE S A 1 BKBE 41
PIZH ¥ 3 —— HeX, e 20 0 o K 1Y) 2 R R
FFo1 .
1.2.7 AYME B2 H 5 Swiss-modelling E 4R

2 LC-MS %7€ J5 it ia Ik, #2358 ZHURK
P52 (http://aps.unmc.edu/AP/main.html) #f
1 Fexs oA, AR RS BLRE 91 20 A i 2%
PO KA A=A o DU KA = 4RSS ARl
B B Swiss-Model (http://swissmodel.expasy.org)
TELRRAU I BT SRR AT, PR TE VA T B N
O I R NN SR I E S AN P vt = S )
EPUB KR 91 K B il 30 AN LR R AL it
A At o
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1.2.8 HiEEARE R G diUIBE A A HS

s LC-MS YE R 2N HTR R T2 i,
FAEHTFHRANAE. BT IR (0.2 mg/107 41,
37 ‘CAbFE 20 min, 0.1 mol/L. pH 7.2 ) PBS %
W AVEXT B TR UEY (B coli ATCC
25922 #17, FIH) B (5 000xg, 5 min) UL
LI VR, ST UK 16110 75 1 FH 3 35 i [
A, SRJE R I AR A TR
1.2.9  HUrE BRVEF S 4 M58 658 BE By AS

BHURE K (KR 1 mg/L) S5¥41E K
FFH (49 10° CFU/mL) IR& 5, T 37 C&HT
K577 30 min, 10 000 xg &> 10 min, H 0.22 um
JERE I EJS A9 0.1 mol/L PBS ZEmhifk (pH 7.2)
R R R, RS SO AR AT . S
% Budde! MW ik AT Y 0, AT AN RTE
WA 10 mL B934 (10 mmol/L cFDA 4
FHA T NEF), 37 CHA 30 min, T HEEH
UK R A 28 3 XA LA 53

2 EREAM

2.1 SSL MERE/KFEIEIMEIEMY

Bl 1 i EoR TORE R E FBEEH T SSL R
R 7K R BT R G e, b R A K R
X 2% PR B K FF 1R E. coli ATCC 25922 F
B AREBOR, FEEFE R SSL X H & Al
) R A L R AT St (SDS-PAGE 45 5o i
/R), i HARIRZS T B SSL Xt KT B I B0 A W
R BAE T . R B AR R K g e ) B —
SE P 2 IR MR RE ) (R RO A BR (BLEd
ZHCN 0.25, BIRERLN 56%); 1 BEE H
Xt SSL A /K fif ) EL A foe ik B 0 % ER B B TG
P, HPUHE 2 BTk 2.81 (AT AR5E 99%L) F e
Aff); HE B A EE T SSL K AR
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Fig. 1 Anti-bacterial activity of SSL hydrolysates by
different proteases.
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221 BEBGIEEESE

&L BE A1 Superdex peptide 10/300GL X
SSL WY JB R il /K S v gk A7 o0 e il k0
WE 2 Fis. KRG B IE e, 155
T 6 MR AVEIIE o 1 VD)o 20milx Hik
FrHCRE o A, A5 R AN b i e 4238 40 B
INo BERERW, X KA B A B T
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Fig. 2 Gel filtration purification of SSL hydrolysate
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Fig. 3 Reversed phase chromatography of anti-bacterial
substrate.
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JI58 0 AL VR e e 7 ke S VR R T . R R
PBS IA¥ (0.02 mol/L, pH 7.0) ¥%fit, FHukfr
UG BT, LA S an 1B v () |8 235 43 s o
SESRFH, VR AR PE 8 s T s,
U 2800510 0.48 A1 1.25, 1785 2L 1R 56
TEBEPL DA R 55 1 1) 6 MO 0 L A 5 48 A kg A
FEXTG, AT LC-MS %5 .

23 MEYMRNEEREEMERESN
2.3.1 HEPER LC-MS ¥E

XF 2.2.2 v AR A 0545 31 A PR I TITY
WO WA T e 25 R RN VR T8, R G K
fift )5 64T LC-MS 4r#r. H LC EEE 4A Br
7N, TP S E I E5 R A& 4B s, X 53¢
BR [14] 19 43 45 R — 3. & 8 MassLynx
(version 4.1) 4#f, 454 SSL M —Z 2544 LU K
i R 11 It 1) Tl U0 67 05, A5 BT b R AR I 2
i 7 51 A-W-V-A-W-K, 4~ SP. ILHIF Ak
(LR T 9 43 IR BT SSL — 45 4 H (1
B 0108-113 A ML, HoaFaEHh
(759.91+0.5) Da,
2.3.2 DiEBKMAEYE BF00

P U IR SP (1Y 2 BE 1R T 91 5 A Bt T8 Ik Bk 3
PEHAT HEXF 34T, e B Ar - B K Pk LR
83% (15 7K 11 XoF T T K ) e 1 9 PR AR
A, [FIEFH: Boman %0 (R RAEPTE LS
EHALSEEMEES) N—-1.12 keal/mol, IAb, ZPT
IR TR AR, HAEHL A pI o 9.70, [P
et B R, i K SP 5 R IR T Xenopus laevis
40 1 Ik PGLa-H (AP01814)"45 % 40%F AH AL
P, JEEMRRE R K L IR, EBiEHt
F2 [CBAYE R o T IRIE SP B DI RE S g 1,
A2 G BT TR IR A 75 225256 .
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Fig. 4 LC-MS identification of anti-bacterial peptide. (A) LC purification. (B) MS identification.
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F1 ERK SP B E G

Table 1 Antimicrobial activities of peptides obtained in this study

) Antimicrobial activity * (logNy/N;) MIC (pmol/L)

Strain SSL Purified SP Synthesized SP Synthesized SP
Bacillus licheniformis WS (+) ° 3.31+0.12 3.21+0.18* 3.12+0.15* 5.67+0.44
Bacillus subtilis WS (+) 3.51+0.22 3.20+0.19** 3.03+0.18** 7.33+0.44
Micrococcus lysodeikticus ATCC 4698 (+) 2.61+0.18 0.44+0.05%* 0.41+0.05%* 51.00+0.67
Staphylococcus aureus ATCC 25923 (+) 0.22+0.03 0.15+0.03** 0.11+0.02** 72.33+0.44
Escherichia coli ATCC 25922 (-) 0.10+0.02 0.75+0.05** 0.52+0.04** 24.67+0.44
Klebsiellar pneumonia CMCC (B) 46117 (-) 0 0.61+0.03** 0.52+0.03** 23.00+0.00
Pseudomonas aeruginosa ATCC 15442 (-) 0.11+0.02 0.65+0.06** 0.65+0.05** 19.33+0.44
Salmonella enteritidis CMCC (B) 50335 (-) 0 0.09+0.01** 0.10£0.02** 92.00+0.67

® The peptide or SSL concentrations were 2.5x10° mol per assay. The assays were performed in triplicate, and r-tests were

used to compare the differences of peptide to natural SSL; ® Gram-positive bacteria (+) and gram-negative bacteria (-);

*P<0.05; **P<0.01.

2.5 $iEBK SP BYIERHIE
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12iE 2z W (SP RN B 7E Helix 2 H). Mi %5 #4 HLH
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Fig. 5 Structure modelling of anti-bacterial peptide in
SSL.
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6 MEMSPIERABMABITEET N ERMEEM®E
Fig. 6 Atom force microscopy of E. coli cells treated by anti-bacterial peptide. (A) Control cells. (B) SP treated
cells.
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I 32 02 R T At AP R A 24 T - Bt ke FLI-H
SNFERTEL, AT T AR B S AR A A i

SRR, U AR SP AR Y 20 i 5 T Y o
WO m 253 WAR T 125, FRARIEEE A
50.6%. BLEABE SP AbHILT i i 20 AR 1 25 4 52
TR, SEOLEBEEGEE S, RN
Yy i S AR AE TS . Budde 217 F FH 40
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Fig. 7 Effect of antibacterial peptide on the fluorescence
intensity of E. coli cell membrane. Line 1 : PBS buffer;
line II: peptide treated E. coli cells; line III: control
E. coli cells.
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