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Preparation and antimicrobial propertiesof bovine serum albumin-
enhanced photodynamic nanofibrous membranes
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Abstract: In order to explore the application of photodynamic antimicrobial technology in the field of
personal health protection, PCL/D-M/BSA membranes were synthesized from bovine serum albumin (BSA)
modification on PCL/D-M membranes, which were prepared via electrospinning technology using
polycaprolactone (PCL) as base material and 4',5'-bis(2,6-dimethyl-4-pyranylidene malononitrile)-2’,7'-
dichlorofluorescein (DCF-MPYM) as photosensitizer, and characterized by SEM. The effects of
DCF-MPYM and BSA mass fraction on the hydrophilicity, mechanical properties and antimicrobial
properties of nanofiber membranes were investigated by contact angle measurement, electronic fabric
strength tester and Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) antimicrobial test. The
optimized PCL/D-M/BSA membrane was finally compounded with activated carbon mask to obtain
functional textile with good breathability and antibacterial performance. The results indicated that the
PCL/15D-M membrane with a mass fraction of 0.034% DCF-MPYM displayed ideal fiber diameter,
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excellent mechanical properties and good hydrophilicity, showing an average fiber diameter of (120+56) nm,

a maximum breaking strength of 252.35 cN, a maximum elongation at break of 46.74%, and a water contact
angle of 123.13°. The PCL/D-M/BSA membrane prepared with a mass fraction of 0.166% BSA exhibited
an average diameter of (96£26) nm, a maximum breaking strength of 382.39 cN, a maximum elongation at
break of 84.18%, and a water contact angle of 62.07°. The bacterial inhibition rates of PCL/D-M/BSA membrane
against E. coli and S. aureus reached 95.0%+2.0% and 99.0%=+1.0%, respectively, while the prepared composite

functional textile exhibited a gas permeability of 113.45 mm/s and an antibacterial rate of 95.0%1.0%.

K ey words. nanofiber membranes; photodynamic antimicrobial properties; photosensitizers; polycaprolactone;

bovine serum albumin; dyeing and finishing auxiliaryies
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A 15 mg (0.02 mmol ) DCF-MPYM, 7 i FHicHE
12 h, #1453 PCL&DCE-MPYM %522 ; )5, K
YK Wk R 25 22 LTS 42 (HR 70 kV, %i#4
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PCL/20D-M.,
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WeBE 75 g/L 1Y) BSA I, Hl1F T K4 4L ( PCL/
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i &R 0.166%
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HAF % BSA W BT B, KA 1 mL Fie
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3 HiE S PCL/15D-M/12.5BSA . PCL/15D-M/25BSA .
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[ DCF-MPYM Y5 (0. 5. 10 A1 15 mmol/L,
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AT IRG WA AR E CRHGUTCR RS 1h,
SROLE N 15 A, JEIRIEE 60 cm. JEIE)E,

B (1 mL ) AB LRI AT 12 9 #6474 W%
22 10 5 R HIFRE, B 30 puL W BEWIA T [ 3% 3
WEFENL, 7E 37 °C PR3 24 h, Siit 3 4 PATRER
WAL, 1FRNE BT . RS (1) TR
% (%), 4T DCF-MPYM ¥ 5 % 411 B 5 ) 50
W R/% = (W—0,)/W, % 100 (1)

Ko WO ZS FIRE S A B R B filh— s B )5 7
W RSEE, CFU/mL; Q, MGG 5 40 1k
a4 il — BB B) 5 40 35 TR R BE 341, CFU/mL.
1.4.2 FRBBETIE 6 FH A

B 12 FUA, LA 100 L 34095 B 8ORT 900 L
KW PBS (pH=7.4) %, 6 fLH i A DCF-MPYM
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oyl B T, JCm A0S, K
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fEZRFNFERE, WL 30 uL # B J5 19 E. coli B S. aureus
DRVRUR T EAREE R R SR L, 78 37 °CFE55% 24 h,
ST HEER . R (1) IPEMER, HEOLI
[F) X 4170 T 248 P 52 0
1.5 REEFHED LR
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Wb, IREWAIE, R UV-Vis 2350080 B8 s
FEHRFTIRAEWWOEE, & 10 min id5% 1 K.
3% 50 mg BSA ¥ TREFK, Bl U ik
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Fig. 1 SEM images (a~e) and fiber diameter distribution diagrams (a'~e’) of PCL membrane and PCL/D-M membranes
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¥y, R R AT 4RI S A 23R PCL/15D-M B
B B AR BT S 2 o) Ve RN 2T 4k B AR5 A o TR
PCL/D-M [ JEEE 14 J (42+5) wm, 5 90K 21 4k i () J5&
JEM 228N

% 1 K PCL . PCL/D-M €. PCL/D-M/BSA
I %) Ao S 56 3 2

%1 PCLJK. PCL/D-M Ji. PCL/D-M/BSA (7] J12#VERE

Table 1 Mechanical properties of PCL membrane, PCL/D-
M and PCL/D-M/BSA membranes
HEfh 4 W43 71 /cN WL /%
PCL fi& 151.32 21.64
PCL/5D-M 177.64 30.62
PCL/10D-M 199.30 36.66
PCL/15D-M 252.35 46.74
PCL/20D-M 241.33 35.90
PCL/15D-M/12.5BSA 312.46 60.35
PCL/15D-M/25BSA 337.13 63.03
PCL/15D-M/50BSA 359.86 68.47
PCL/15D-M/75BSA 382.39 84.18
PCL/15D-M/100BSA 380.17 76.65

M 1 ATLUE ), PCL BRI SdsR 717 151.32 N,

W2 RN 21.64%. BliE JEHF] DCF-MPYM %%
I 3G, PCL/D-M 1) 4P B 2 B HG 58 J5
WS E . 24 DCF-MPYM #hnfEJy 15 mg i,
PCL/15D-M [ Ji2# ek Bl A, Hibr g ) g 2%
PETHE 25235 N, WK RIS 46.74%, X /&
K, Je#GH DCE-MPYM 5 PCL 2r T2 AL T
SO AR Sy, BSR T AR AT 4k W] A A AR AT,
AT AR TOAF o R R R MDY Y
DCF-MPYM il it — 24 %= 20 mg W, PCL/
20D-M YT 2L58 J (241.33 oN ) il 24 K &
(35.90% ) HHBLFFE, XIEFN, & E DCF-
MPYM ¥ B Al BB S B b oy R i R 4L, g 2
W Ay A AR, SR A B 200, 9
KEFYE AR K, HRm BB R PR H, X
S G T BT A I A RE ) T

L FRnR, fEf g 2 T 2B BURE &I T,
il 75 B £F e B — BN IR BE ((42+5) um ) FEAF,
PR, RS HO6 bR 7 22 R RE I RE 3/ .

2.2 PCL/D-M BEHIEFKIEBE S Hr

& 2 5 PCL i, PCL/D-M 5[4 7K $2 fish £ I 52
zk

ME 2 /T LIE H, PCL IR A K Ml fA R 131.18°,
FEPL LR B AR L B SE K R S ke
b)), KA AR ARAE, R PCL PR I 25K

2%, BEECHN DCF-MPYM ¥ fin 2 iy 34 4n
PCL/D-M 5 1 7K 42 fish £ 522 30328 37 9 /0N 1) i 35
PCL/20D-M (/KM /N, A 123.03°, ik &
Jy, G DCF-MPYM HAF—ERIEKME, nI
{5 PCL/D-M JEE {9 25 7K 4 o

200

e o o 6 o

131.18°

129.94°

126.86° 123.13° 123,03°

—
[\S]
(=]

KSR AR/()

S
=)
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$ S S

o o>
Y $ S
< QQ QQ Q/O

12 PCL . PCL/D-M ) 7K £z fik £
Fig. 2 Water contact angle of PCL membrane and PCL/D-M
membranes

23 RAPAHEHFASHHEESH
2% 2 3 PCL £, PCL/15D-M #1 PCL/15D-M/
75BSA KRR ICHE EDS & 4%

# 2 PCL . PCL/15D-M FI PCL/15D-M/75BSA (135 1
JCE T AL
Table 2 Mass fraction of surface element of PCL membrane,
PCL/15D-M and PCL/15D-M/75BSA

TLR T HU%
Jise
C 0 cl N S
PCL 8626 1374 — @ —  —
PCL/15D-M 85.04 918 0.07 572 —

PCL/15D-M/75BSA  89.26  9.55 0.09 0.88 023
T " IR

M2 o[ LLAH, PCL R MmN C F1 O
MR G E, FiE S E 5 86.26%F1 13.74%;
PCL/15D-M F ik C Ml O JLE A, B %] C1 Al
N JCE, C. O, Cl 1 N JCE M50 5N
85.04%. 9.18%. 0.07%F1 5.72%. C1 F1 N JLE I
45 B 30F 52, Stk DCE-MPYM i, 1) 11 2% %)
PCL/15D-M I,

2.4 PCL/D-M/BSA BRI L5 a5 £ RE D 7
¥l 3 >4 PCL/15D-M #il PCL/D-M/BSA i) SEM
I FIZF 2 ELAR 5 A 1A

M 3 ATLIE H, BSA BN R R0 T 4 4
S0 K E 42434, PCL/15D-M ., PCL/15D-M/12.5BSA .
PCL/15D-M/25BSA . PCL/15D-M/50BSA . PCL/15D-
M/75BSA HI PCL/15D-M/100BSA 4k £F 4 (1) F- 1
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BT B (120456) . (116£47) . (118+51), (118+41) .,
(96+26)F1(101+28) nm., fifiF BSA 5 v &3S I,
27 Y B KR W00 N H oy A N85 . 3k nT g
P2k, BSA WIIMARE® T i 223, I FRK
TRy, IR HE T SR R R AE R, A
K 3R nT LA 1, 7E BSA B ELHEIN (0~100
g/L), ki BSA Bi vk 34, PCL/15D-M/BSA

IR FS) £ 24 B 1) JRE 2 T 43 o X — &5 SR T RES BSA 5
LI 25 22 R HEINA 5% o B WO 3 A B T 20 o
TE L ORISR E BORLIR DT ), AT 5 T 21 4E Y
i EER E R, SR B MR T4 JO 5 4 K £F
YERERIERE, SR Eon, AN[E BSA i ik BE R Y

PCL/D-M/BSA V-3 )8 Bk (4245) um, FRHH BSA
J VR BE AR AL 6T PCL/D-M/BSA S TG i 355200

7
7
2 7
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a, a'—PCL/15D-M; b, b —PCL/15D-M/12.5BSA; c. ¢'—PCL/15D-M/25BSA; d. d'—PCL/15D-M/50BSA; e. e'—PCL/15D-M/75BSA;

f. f—PCL/15D-M/100BSA

/3 PCL/15D-M Fl PCL/D-M/BSA [ SEM & (a~f) FILF2E HAR A1 (a'~f')
Fig. 3 SEM images (a~f) and fiber diameter distribution diagramg (a'~f") of PCL/15D-M and PCL/D-M/BSA membranes

MW LA N, FfiZE BSA vk B ag e,
PCL/D-M/BSA I {14 Wi 24 5% 77 F1 K7 24 {4 R 52 80
IR TR AR, Hdr, PCL/15D-M/75BSA
BT 458 J1 ik Bk, A 382.39 oN, Wi R
84.18%, XJ&A}, BSA. PCL fil DCF-MPYM 4}

T2 A T AR VSRR Sy, XM A
TIBEFET GOREF AR HEE , TIHR 55 1 21 2 Aot
R 122 MERER Y SR1MT, 24 BSA Bk ik — */F
HahnZE 100 g/L B, PCL/15D-M/100BSA (W%

71 (380.17 ¢cN ) B2 % (76.65% ) i’«J—FFk
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X—IR TR S L E W BSA SRR L4k 547
AR A4 S, T H PCL/15D-M/100BSA 44K 21
PR ARAETE, BB I oL skt 4n, SEk
JIFPERE AT T R . X RN SI I 59 T 41 4
FEE Y AR T 7 25 PR
2.5 PCL/D-M/BSA FEHIEGKMERE ST

&l 4 Jy PCL/15D-M. PCL/D-M/BSA J i 7k 2
il 71 D A

S £ O A - -

123.13° 118.89°

102.18° 9g 51°

K ER A/

> F T F F F
8 P F o S
S @ S
& N s & &
o & & & »
& & & 5
SR SR &

€l 4 PCL/D-M/BSA 7K 2 fih i
Fig. 4 Water contact angles of PCL/D-M/BSA membranes

MIE 4 AITLIE S, PCL/15D-M 7K 3l f
123.13°, 2HiKME. BiE BSA Fis kMmN,
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