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Preparation and Antibacterial Activity of Antimicrobial Peptide PMAP-24KK Hydrogel

MAO Fukang'?, FAN Wengi'*, LU Siyang"”, WANG Junhui'”, WANG Endian'*, CUI Jingjing"*, WANG Xiaoli’,
NIU Mingfu4 , LIAO Chengshuil’z* (1. Laboratory of Functional Microorganisms and Animal Health, Henan University of Science and
Technology, Luoyang 471023, China; 2. Key Laboratory of Live Carrier Biomaterials and Animal Disease Prevention and Control in Luoyang,
Luoyang 471023, China; 3. College of Basic Medicine and Forensic Medicine, Henan University of Science and Technology, Luoyang 471023,
China; 4. College of Food and Bioengineering , Henan University of Science and Technology, Luoyang 471023, China)

ABSTRACT: OBJECTIVE To prepare hydrogels containing antimicrobial peptide PMAP-24KK and evaluate antibacterial activity.
METHODS The antimicrobial peptide PMAP-24KK was combined with sodium alginate, calcium carbonate, and gluconic acid-§-lac-
tone to form the PMAP-24KK hydrogel. Firstly, the formation time, swelling rate, moisture content, water retention rate, and release
rate of PMAP-24KK hydrogel were analyzed. Then, the effect of PMAP-24KK hydrogel on the antibacterial activity in wvitro, the
sustained release, and the antibacterial barrier were determined by drug sensitivity test and skin wound healing in mice was analyzed.
RESULTS The results showed that the PMAP-24KK hydrogel could form a gel state with network structure in about 2 min, and the
swelling rate and moisture content reached equilibrium at 10 h, which were (158.83 £3.26)% and (61.01 £2.41)% , respectively.
The water retention rate and release rate were about 55% and 81% after 24 h, respectively. The PMAP-24KK hydrogel showed the
inhibitory effect on Staphylococcus aureus, Listeria monocytogenes, Salmonella choleraesuis, and Salmonella typhimurium. The
sustained-release activity of PMAP-24KK hydrogel had no significant difference in 18 h, and gradually decreased after 18 h to 36 h
without antibacterial activity. The PMAP-24KK hydrogel can effectively act as an antibacterial barrier and contribute to wound healing
in mouse wound model. CONCLUSION Antimicrobial peptide PMAP-24KK hydrogel with good physicochemical properties and
antibacterial activity is successfully prepared in this study, and it has good sustained-release and antibacterial barrier and promote
wound healing, the study laid a foundation for further application research of antimicrobial peptide hydrogel.

KEY WORDS: antimicrobial peptide; porcine myeloid antimicrobial peptide-24KK; sodium alginate; hydrogel; antibacterial activity
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Fig.1  Physical appearance of antimicrobial peptide PMAP-
24KK hydrogel
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A — 75 PMAP-24KK F7KEEI 3 B — 75 PMAP-24KK F 7K BEIE

A — hydrogel with PMAP24KK; B — hydrogel without PMAP-24KK.

B2 PMAP-24KK KB i H 4w F 2 a5 W& J

Fig.2 Scanning electron microscopic observations of antimicro-

bial peptide PMAP-24KK hydrogel
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Fig. 3 Swelling rate( A) , moisture content( B), and water re-
tention rate( C) of antimicrobial peptidle PMAP-24KK hydrogel.
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Fig. 4 Drug release rate of antimicrobial peptide PMAP-24KK
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%1 PMAP24KK KRy 8R4 R, n=3,%+s

Tab.1 Drug susceptibility test results of antimicrobial peptide PMAP-24KK hydrogel. n =3 ,x =5

Bacteriostatic diameters/mm

Strains

Blank hydrogel PMAP-24KK hydrogel PMAP-24KK Ceftiofur sodium
Staphylococcus aureus ATCC 25923 0 33.00 +1.00") 35.33 £0.58") 24.00 +5.29
Listeria monocytogenes 104038 0 23.33 £1.531 24.67 +1.531 13.67 +0.58
Salmonella choleraesuis C78-1 0 18.00 +1.0012) 24.33 +0.58" 15.33 £0.58
Salmonella typhimurium SL1344 0 18.33 £0.581)2) 24.33 +1.15" 14.33 £1.53

1. 5 ceftiofur sodium #H L, D P <0.05; 5 PMAP-24KK #{ [t ,2 P <0.05,
Note: VP <0.05, vs ceftiofur sodium; 2P <0. 05, vs PMAP-24KK.
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A - PMAP-24KK hydrogel at 12 h after preparation; B — PMAP-24KK hydrogel at
24 h after preparation; C — PMAP-24KK hydrogel at 36 h after preparation; D — the
diameter of inhibition zone of PMAP-24KK sustained release from hydrogel at differ-
ent time points. n =3 % *s.
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Fig.5 Sustained release test results of antimicrobial peptide

PMAP-24KK hydrogel

3.7 PMAP-24KK K% it iy 470 1 JF B 3 R o 45 R

%% PMAP-24KK 7K B i Bt i (1 B A
TE ARG IR 11 55— J2 K BEIR W 4 o (0 ) 4
BREA AT R S E ALY T A A FE T TR

T E 2R 2024 457 H 5 59 5 13 )

PRIV 3 I H T T 7K R e 3 T, B2 0 240 T R A 7K
B R R A e B, &5 SR LR 6., 448 T K
BERCRE T, [ AR A IR, X B WK BE A 23 1
F A O E R moRb i a k% . SXE IR
[ Y 2, 7 2% PMAP-24KK 7K %8 ¢ 19 B 18 -4 I,
12 hif A AR B 4 i A AR AR K (B 6) . 3R
] PMAP-24KK 7K & i 7 %50 H %5 20 4 A 21 B B
YEH .

A - RO EIRE; B - PIGRENRE; C - SESLYTTE; D - RG]
P51 - B PMAP-24KK /K R 09 - 452 — A3 5 PMAP-24KK /K #EJi (9
P

A - Staphylococcus aureus; B — Listeria monocytogenes; C — Salmonella choleraesu-
is; D — Salmonella typhimurium ; 1 — the plate coated with PMAP-24KK hydrogel ;
2 —the plate coated without PMAP-24KK hydrogel

6 PMAP-24KK ACH it i 40 5 B [ R Je 5 R
Fig. 6 Antimicrobial barrier test results of antimicrobial peptide

PMAP-24KK hydrogel
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A - healthy group; B — trauma group; C — hydrogel group; D — PMAP-24KK
group; E — PMAP-24KK hydrogel group; F — antibiotic group.
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Fig.7 Effects of antibacterial peptide PMAP-24KK hydrogel on

skin wound healing in mice( x200)
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PMAP-24 KK 7K 0T 4 2 (0 7 45 2K 14 | B3 2%
Frod JEERLD TR A B T A K B A
IHIZCR 9 H 5 PMAP-24KK #f LI A 2 %
I 1 B U B TR T o 29 R R AE I DR 0
hEAREEE Y ARSI AT RE S 5
W AE AR DY I R B R RS, T 245 400 9% e T AR 5 2
W1 ) 3R RN 25 35, Rk 20 2 25 YR B, A 25 ik
AR R E" . ABET K BLYL A Ik PMAP-24KK
IKEERE REFE L BE BT B IR, 36 h P X 4 o5 €0 7 4
BRUA A AR 2= B A 0 B v K B i L
A AP 28 R, mT DA w8 A I A IO BsF
FF R ok 25 25 YR 8, H AR B 51 B 2 6
MR E o

Ji B g 47 2 A A5 10 R LA 1A 380 vk o
24 B B R A 11 B ) SRk I R BRI S R 4 B
B L A5 20 TR R e , R I SR K B i EL A Bt 1A R B
VEFI™ . PMAP-24KK 7K BE REA 55 %o 43 25 €63
HJERIFA S 2/ 12 h B BRBEAE T, 761 RN A i A
] DA 20T i — 2 B . 5 R AR T AR
Ke— B IA], 7K B A 3 A T 25 A 2 W 5k B AR )
SR, T K R DU e A A5 b By L A 4, (AT
TEPELER A L BE— A5 /0N BRI A0 B i 5
T PMAP-24KK 7K %EJ58 T LA FEAR A% 171 14 9 4 , A BY
FHOfE.

25 TR AR R il A T RO R AL
Jik PMAP-24KK 7K % i , 7] 2% 1% B i HL A Be v 3 1
P4 EE Ik PMAP-24KK | H EA &40 1 5t Fs Al i

Hh [ 22k 2024 4R 7 H 5 59 5 13 1]
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