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A novel antimicrobial peptide A2M3 derived from human
alpha-2-macroglobulin inhibits Staphylococcus aureus
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Abstract: [Objective] To study the inhibitory effect and mechanism of an antimicrobial
peptide (A2M3) derived from alpha-2-macroglobulin identified in the human nasal cavity
against Staphylococcus aureus. [Methods] The mass spectrometry results of the human nasal
liquid were analyzed, on the basis of which bioinformatic tools were used for the screening of
potential antimicrobial peptides. The minimum inhibitory concentration (MIC) and time-kill
curve of A2M3 against S aureus were determined by the microdilution method and plate
colony counting method. Then, transmission electron microscopy, PI uptake assay, flow
cytometry, and determination of nucleic acid protein leakage were employed to study the
effects of A2M3 on the membrane integrity and permeability of S aureus. Finally, the effect of
A2M3 on the genomic DNA of S aureus was investigated by the gel retardation assay and
fluorescence spectroscopy. [Results] A2M3 showed an MIC of 125.0 pg/mL against S. aureus
and killed the bacteria completely within 3 h. A2M3 increased the cell membrane permeability
to penetrate into S aureus cells, leading to leakage of nucleic acids and proteins as well as
insertion into DNA base pairs to interfere with the gene function, resulting in the death of the
cells. [Conclusion] The inhibitory mechanism of A2M3 against S aureus involves multiple
targets. The antimicrobial peptide alters the permeability of the bacterial cell membrane and
affects the gene function, thus exerting the inhibitory activity. The findings reveal that
antimicrobial peptides could be screened and isolated from human body fluids for potential
application.

Keywords: nasal cavity; alpha-2-macroglobulin; Saphylococcus aureus; antimicrobial peptide;
antibacterial mechanism
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Mt LR AR 0 A 1 AN N A e A A 5
(secretory leukocyte protease inhibitor, SLPT)Z547(
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A BE AL 24 S A R g it T IS ATLAAS DR A5 £ B )
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i, XK BURAR DT RR BT, LA A R
S A AR S ST A TR E IV
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1.1 EERAFIFNEE

4 ¥ {0 75 45 BR 14 (Saphylococcus  aureus)
NBRC 100910 HHASZR 2 0, 125 IR A
SR T 37 cCAEK; IEH AFAM(LO2 4iAE)
IR A fn B2 2z Be 3k A, IRAE 37 °CHl
5% CO, 15355 ik A2M3 i dt st PRt e A9
FHEARA F G B B 5% W73 5% 2 (nutrient
broth, NB)FIIUIE A F JE 1] 2= P A 18 A= W 5K
ABRAW; 4175 DNA $25057 & (DP302)1 B
RARAERR B (AL 5O A RA 7 A g
(propidium iodine, PI), @24kl . DNA AL
MR AN Annexin V-FITC (fluorescein isothiocyanate)
200 1 O T ARG I 3R] & A B SR SR R AT IR
YNTSIS

HRYE B, Millipore 2 ] ; 48 5 ROBAH (35X,
Waters 23 H); H-7650 &5 H T B /#%%, Hitachi
Aw]; g ZIEEREAR{L, ThermoFisher
Scientific A F); MY, Beckman Coulter
HIRAT]: GelDoc XR EERE AR 2%, Bio-Rad
YN
1.2 ABRHBRIE S

WAl 10 24 i FREE I [(20+4) 27 1R8I i 55
WA . 2 5 &R T B AR
[EE R AN R B DA P B QU By 2
B, R R B E R A A R . R)E L BRI
(1.5 mL)LA 10 000 r/min fY%E# #0015 min, |
2 3 kDa BB IS 7E-20 °CFPRAr.
WK, A FH 8 = BORAF £438% - 5135 (ultra performance
liquid chromatography-mass spectrome-try,
UPLC-MS) I FHH A X 503 b 09 2 BT 51 ik 17
St G55 A (MAXQUANT v1.6.5.0)
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% UniProt Homo sapiens (Human)Z [ %X} fiif5
BRECHEA T 41 HEXT o
1.3 MERNFESEK

i FHEZe 8 /4F APD3 (https: //aps.unmc.edu/)
T R AT IR A e far AR K, RE, TE
SMARTBLAST [ 33t #5007 14 2 11 o 45 g
(https://blast.ncbi.nlm.nih.gov/smartblast/smartBla
st.egi)o 2 MR A& Lk & i, R A
Agela C18 #1:(4.6 mmx250 mm, 5 pwm)ft S A &
BOBAR S Al 3 5 SR RO £ 3 - i
BX F (high performance liquid chromatography-
mass spectrometry, HPLC-MS)ill| 52 451k, J5 ik %)
AERE . TR AEAAAE-20 °CF
1.4 & K #) & K E (minimum inhibitory
concentration, MIC)&JN E

% Yuan SFPOHIE I 0k B 4 v 4R A BR
WTE 20 mL E R IZEEFRIENB)H 37 °CHiFR
12'h, DUEFIRECERIA . e 402 e R £h
ZE R /K(PBS, 0.01 mol/L, pH 7.2; FIa)H#
B2 10°-10° CFU/mL, PRI AR 8 55K R ki
(1 000.0, 500.0, 250.0, 125.0, 62.5, 31.3 A
15.7 pg/mL). f#i ] 96 FLARIEA TS5, AEFLo 5
B 50 pL iR %) TRTBCRNAS ] B2 1) IS4
RA AR 96 fLtk o FHFL - 5IHMA 100 uL Y
B E IR N AR IR IL(NB), 37 °CEE 12 ho il
MEATRR PBS FIAIRGLR K LL-37 235114
FF A e B0 BE 0 B, 5 S0 3 9, P-4
BRI B W 2 (MIC)E O AE 37 °CIE R 12 h /Y
96 FLAR H JC T DL AH B A= A i R Ak U
1.5 RK A2M3 HOBTE] R 45 534

P AR B P TR E iR A2M 3 [ I (]
AL, %S SCER[217 I m Akt . K
S EMAEREL 37 °CHiFF 12 h EXHUER
9, 7ELH PBS PHIFEE 10°-10° CFU/mL.
1xMIC Fl 2xMIC ¥ ZRIIK, 5 ERSFABIR S

J5 T 37 °CWEE 3 ho &R 30 min HUFETRPAR,
37 °CEIE;FE 24 h )7, ICERETEBE. (%
TRFLE) PBS 1E K25 (AN A
1.6 BX A2M3 SR ARG RS20

BT F AR R SR K A2M3 Xt 4 B
R ER B AN 52 . FF 10°-10° CFU/mL
FIANEETE 37 °C'F, F 2xMIC f{ik A2M3 4b B
3h, #RJ5 2 700 r/min &.L> 10 min, F¥F PBS ¥
BEWIR; 1%IMIR A I, SEEK; IR AL
P 20 min; FEAHTE 70 °C T HLE 24 h, DI A
et 7E H-7650 BT T AN SIS AHH T
Tl
1.7 A& PIIREUNE

B 50 uL 10°-10° CFU/mL (¥ 2% A5
TP 1.5 mL 08T, RIEMAERBURFE
e B 0 KV U (1/2xMIC . 1xMIC . 2xMIC #l
4xMIC), VIZAFRRY PBS /E Mas A Xt iE . &
F 37 °CFH:%E 3 h JFIA 100 L b E
(propidium iodide, PI) (Z4¥<FE 10 pmol/L)skE S0t
B 15 min. fiff FH 2 Dy RERR ARSI 2 A S AE Tk U
K 550 nm FE S 560—-750 nm {5 FEIN
FIDEIEIETE, K PT 98G5 A
1.8 RNAREA

Y5225 SCHk[2310715, TRl A
G A (4 VR CO R A BR TR AN B R A B 1 o 4
B PR TE 37 °CHE % 12 h BXPEAE K, I
1 mL & T 1.5 mL .08 3 12 000 r/min 2.0
1 min, P& BV, EEZE 1 mL LK PBS H,
WU B R 1xMIC F1 2xMIC BIBK A2M3 5 B 4%
FCITR A (>200 pL), SRS 37 cCAALEEF-4H
IyHIAEER 1, 2. 3h, DL PBSAENES N BEA
ok, BAHE A 4N E AE =R T A Annexin
V-FITC FILAL A BE(PT)EERE H1 Y44 15 min, 2R
i A AR A
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1.9 HEE R R E RN E

SR T 24 R L P A R RN R 1 ) e
20 CIRAFIY 4 8 (A 2 3K T 200 pL #2702
NB H1, 37°C. 160 r/min FER}EFE 12 h B
SPECERI, B 1 mL ERT 1.5 mL B0
12 000 r/min Z5.0> 1 min, BRZE FIEW, HAZE 1 mL
JCI PBS 1, f#H 0.01 mol/L BRRERZE nhifi i e
FRS IXMIC, 2xMIC W IR LR &, 78
3 h N, B 1 h AEZ DIREEHR I 153512 ODsgo
1 ODygo MM IGE o ASSLHG LS55 0.01 mol/L
Tk 28 W -5 AN R A L BT A R A 6T B
1.10 Ak A2M3 =4 L5 # R0 T

Ik A2M3 HY45H 1 FHTEZ 4/ 1-TASSER
(https://zhanggroup.org/I-TASSER/)#EA 7 i, Ff
FIF PyMol 2.5 #4474k, 15 2K
A2M3 [ = HE S5
1.11 DNA EEBEPEHSCIE

R T P 4 E A KN AN R SE R 4 DNA 2
[V AEAR VR, 204 DNA $RBGR &
PEIA B A A BRI AL 4] DNA, £
BRI TE 50 mL B FR R 75 IR (NB)H 37 °CHs
3% 12h, JHANE RN DNA BRI & B4
HO AR RN 4] DNA, i 260 nm Al
280 nm ALAEEEFE HEAE(1.70<0D,60/OD,50<1.90)3k
PEARRBUYIEING] DNA RYZ6REE ., 3 R, ¥ 10 uL
DNA (110 ng/pL) HiEZEa K A2M3 7E 37 °C'F
IREME 90 min (JK:DNA=100:1., 50:1. 25:1.
25:2, 25:4. 0), F55 1 uL i 10xDNA [FEZEnh
WIRA, IRAEWE 8 uL bFE, 18 1% IR HEEE I
I THIK(HB 110 V), i GelDoc XR BEBEAL
BRGAEEINE IR N 20 s, WIS DNA BEE
[EREEE
1.12 5 EBZ% 14454 DNA B AIESIIE

R AL 2 %€ (ethidium bromide, EB)%x 44 45
4 DNA 2 GG SC I RE G /AT Ik A2M3 54
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WO ERF N4 DNA WER TR, R
Zhang ZE Y7 AT IE MY, TE &b
VNS 4 BB A BR TR Y 2L I 41 DNA (110 ng/uL)
FiBeH 50 ng/mL. [] 96 LB FHIA 50 pL Ay
DNA &A1 10 pL 100 pg/mL ) EB i&#k ,37 °C
THREEHFE 10 min, ZRIFFIA 50 uL A9 BRI
(1/2xMIC. 1xMIC. 2xMIC 1 4xMIC), =5 [I%}
HEHT 50 uL 1y PBS A0, IRSISHLA 37 °CHEAL
BeFesavh, OB R 30 min, 67 2 I REREFRIY
W 5E FE S E SR D 535 nm ek B K
610—770 nm i [l N 92661
1.13 BRIt 59

JIEA S E A IEAT 3 Yk, T AR 3 YR ST 5
06 s £ DAY 25 (8 45 ME 22 (standard  deviation,
SD)F/RN . BUdEfi#if] SPSS Statistics 26 #RAF X 5L
A5 KT 0T, R R Ak 56 22 5
FEES, P<0.05 FoRERBE,

2 ZERE54

21 ABRPEBEMEFRIINFESEK

FENZE S BT o e, BT 1700 4>
B, i 43 AMRBEAR A o2-BEEREMER 1),
FERIFHA 5 B AR LS A T (& 1),
XTHEE Y 43 D IRBGF A THE— 2B e, R BX
SRR 7-39 DESEIR, L R —4—+2,
B KLY 8.00%—-67.00%, 7E 43 Fh a-2-F Bk
EERTERCF, —Fh 1 186.5 Da A 11 P2 IR
M RR(SGFIPLKPTVK) #4454 A2M3, B HIHL
IKHEN 36.00%, FHLMEN+2, R ERA R
FIPTEEE J7, R 3k AseE— 20 1 B RAIE .

R A2M3 SR EAH G BUE G R, 45 RR,
PR ISR AR E RS, A B AR
PEo K A2M3 s bt B anE 2 R, 2R
JE R A2M3 B YA T B o AT IR A2M3
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*1 IFB o 2-EXEQTBAENEKNIELSHY

Table 1 Physicochemical properties of potential antimicrobial peptides of alpha-2-macroglobulin

Peptide sequences Length (AA) Net charge Hydrophobic ratio (%) Mw (Da) Domain
AAQVTIQSSGTFSSK 15 +1 33.00 1511.2
AFALAGNQDK 10 0 50.00 1034.1
AVDQSVLLMKPDAELSASSVYNLLPEK 27 -2 44.00 2918.4 A2M_N_2
AVLPTGDVIGDSAK 14 -1 43.00 1342.5 A2M N 2
DLTGFPGPLNDQDNEDCINRHNVYINGI 39 —4 23.00 4352.7
TYTPVSSTNEK

DMYSFLEDMGLK 12 -2 42.00 1448.7
DTVIKPLLVEPEGLEK 16 -2 38.00 1780.1

FEVQVTVPK 0 44.00 1 046.2

FQVDNNNR 0 25.00 1 006.1

GHFSISIPVK 10 1 40.00 1084.3 A2M N 2
GPTQEFK 7 0 14.00 805.9

GTHGLLVK 8 1 38.00 824.0 A2M N 2
GYLNTGYQR 9 +1 11.00 1071.2
HVEEPHTETVR 11 -2 18.00 13335
HYDGSYSTFGER 12 -1 8.00 1418.5
TAQWQSFQLEGGLK 14 0 43.00 1 604.9

KDNSVHWER 9 0 22.00 1170.3
KPQYMVLVPSLLHTETTEK 19 0 32.00 2214.6
LHTEAQIQEEGTVVELTGR 19 -3 32.00 2110.3
LLLQQVSLPELPGEYSMK 18 -1 39.00 20454
LPPNVVEESAR 11 -1 36.00 1210.4
LSFSPSQSLPASHAHLR 17 +1 35.00 1835.1 A2M N 2
PFFGQVR 7 +1 43.00 850.0
PQLQQYEMHGPEGLR 15 -1 20.00 1783.0
QFSFPLSSEPFQGSYK 16 0 25.00 1 849.0
QQNAQGGFSSTQDTVVALHALSK 23 0 35.00 2 387.6
QTVSWAVTPK 10 +1 40.00 11163

RTTVMVK 7 +2 43.00 834.1

SASNMAIVDVK 11 0 55.00 11343 A2M-recep
SLNEEAVK 8 -1 38.00 889.0
SSSNEEVMFLTVQVK 15 -1 40.00 1 698.0
TAQEGDHGSHVYTK 14 -1 14.00 1529.6
TEHPFTVEEFVLPK 14 -2 36.00 1672.9
TEVSSNHVLIYLDK 14 -1 36.00 1617.9 A2M-recep
VGFYESDVMGR 11 -1 36.00 1259.4
VSVQLEASPAFLAVPVEK 18 -1 56.00 1 884.2
VVSMDENFHPLNELIPL 17 -3 47.00 1967.3

AFQPFFVEL 9 -1 67.00 1097.3 A2M
DLKPAIVK 8 +1 50.00 883.1 A2M-recep
GVPIPNK 7 +1 29.00 723.9

NQGNTWLTAF 10 0 40.00 1151.2
SGFIPLKPTVK 11 +2 36.00 1186.5 A2M-recep
VLNYLPK 7 +1 43.00 846.0 A2M
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Figure 1  Structural domains of alpha-2-macroglobulin.
mV | HPLC column Agela (250 mmx4.6 mm 1.D.) C18
Detection wavelength 220 nm
1 600 LGradient 12%-42% B in 30 min -~
Buffer A 0.05% TFA+2% CH,CN &
Buffer B 0.05% TFA+90% CH;CN 2
1400 in
1200 H
PAVIY) § 5 J \‘
ae) e
0 fr R~
-200 . . . . . .
3 6 9 12 15 18 21 24 27

&2 Bk A2M3 WA R4 ibitig

Figure 2  Synthetic purification process of peptide A2M3.

22 PRk A2M3 XMEREEEKENIEE
4 53 #r

T HFFEAR A2M3 X4 B €0 A A ER A A BT
R TE, BHEE A RK A2M3 SR Hoxt
G VR0 2 BRTRT Y B (IR T MR BE (MLIC),
125.0 ug/mL (& 2). MR (E 3)EfE

®2 TEREHBIKE MIC HNELER
Table 2 Results of MIC determination for Saphylococcus
aureus

Concentration Saphylococcus aureus
(ug/mL) A2M3 LL-37
MIC 125.0 31.3
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t/min
5
4
=)
£ 3
=)
S 9
Q 2 | -e-Control
= | =2mic
-4 [ xMIC
O 1 1 1 -
0.0 0.5 1.0 15 20 25 3.0

t/h

3 BK A2M3 &R B BEKE R E Rk
Figure 3 Time-kill curve of peptide A2M3 against
Saphylococcus aureus. Data  represent the
meanzts.e.m. of three biological replicates.
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HEEY, S25AxTEgMEt, ik A2M3 J5
) 4 B (o R AT ER B A S0 B b, Ik A2M3 X
S ERAEREAE 1 h FHAA RO, Yk A
IxMIC B, 4 B (R A R R A D 124 15.15%;
EﬁF%%‘ R TE 3 h A AR TR K
WFFELE T, Ik A2M3 X4 B (0 A5 25 BR T 1)
TSR Bt FH B[R] 38 i 253 5
2.3 BX A2M3 X ZHE 40 BR AR B 220
75 555 HL B (TEM) RE % LU WL Ik A2M3
Ab B 4 B €0 2 K B A0 B AR AR L.

4
on M

4 SHREFEKIFNEFHERER

Kl 4 fin, (/] PBS ZbBAYANET, WATESIE
B EL T, A G RE L% 20 6 RSE 1% 445 R S T A
2xMIC Ik A2M3 ALBE 3 h J5 , 4T A0 20 i A5t
SN, 2B A TR A A AN FIN] , 55 43 200 1 4
MR, NEYTH, RAPUEK A2M3 X4
B 2 BR TR 9 A0 I AT R IR VE A

R T A E K A2M3 X4 (4 B 0
EIERENRIRZIR , SE IR A2M3 Fixf R 28 4b R 240
B, SR Je P ALAR TR (P 2% €2 -0 R L s i
wE s pis, SxTEAMEE, Ik A2M3 4 HEE

Figure 4 Transmission electron microscopy images of Staphylococcus aureus. A: Untreated S aureus (no
A2M3 present). B: S aureus treated with A2M3. Arrow 1: Cell membrane with blurred edges and irregular
shape; Arrow 2: Cell membranes ruptured and contents released.

)4 B ORI ERTE 1) PL2OGE S I B3N, HAE
BARIIMR S AR &5 I B o e . i
Annexin V-FITC #1 PI ¥U4%, il i AR E—
ALK A2M3 X4 Ak I EH . ARl
WK A2M3 (1xMIC 1 2xMIC)ff 20 B 41 ffa 1)
TG M L BB N R, TSR 43 L S
WA S (& 6). 537 1 h s, IR
AHEIEH 99.08%, 1 1xMIC Fl 2xMIC (7 41l i
RIHIN 86.14%H1 82.88%, ¥ 3h )5, 1xMIC
F1 2xMIC A5 L3253 IR 2 20.76%F1 6.26%
R LG R — RS, K A2M3 X 48 (i A ek
[N i ol 8 iR vy A YA - 2 IS €[S P s

8r 4xMIC
— - = 2xMIC
— - - 1xMIC

— 1/2xMIC
— — - Control

@)}
T

[\S]
T

Fluorescent intensity
IS
T

O 1 1
550 600 650 700 750
Wavelength (nm)

5 B A2M3 LEEeREEBIKEMEEANIE
FERIEMER T

Figure 5  Changes of intracellular membrane
permeability of Staphylococcus aureus treated with
peptide A2M3.
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Figure 7 Leakage of nucleic acid and protein in bacterial cells after peptide A2M3 treatment. A: Leakage of
intracellular nucleic acids at 260 nm. B: Leakage of intracellular proteins at 280 nm. Data shown represent one
of three independent experiments and the values represent mean£SD (n=3); *: P<0.05; ***: P<0.001; ****;

P<0.000 1.

8 Bk A2M3 By =45 TN
Figure 8 3D structure prediction of peptide A2M3.
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Figure 9 Gel retardation analysis of the interaction
between peptide A2M3 and DNA of Staphylococcus
aureus. Lane 1: DNA marker; Lane 2—7: Peptide
A2M3 mass ratios of 100:1, 50:1, 25:1, 25:2, 25:4, 0.
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Figure 10 Fluorescence spectra of peptide A2M3
competing with EB for binding to DNA of
Staphylococcus aureus.
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