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Preparation, characterization and activity evaluation of
Spirulina-chitooligosaccharides capable of inhibiting biofilms

SUN Ruijie'?, XU Tong’, LIU Yangyang'?, ZHANG Liming’, JIAO Siming’, ZHANG Yuchen?,
GAO Xiaodong'?*", WANG Zhuo*’, DU Yuguang®

1 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 State Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of Sciences,
Beijing 100080, China

Abstract: The biofilms formed by pathogenic microorganisms seriously threaten human health
and significantly enhance drug resistance, which urgently call for developing drugs specifically
targeting on biofilms. Chitooligosaccharides extracted from shrimp and crab shells are natural
alkaline oligosaccharides with excellent antibacterial effects. Nevertheless, their inhibition
efficacy on biofilms still needs to be improved. Spirulina (SP) is a microalga with negatively
charged surface, and its spiral structure facilitates colonization in the depth of the biofilm.
Therefore, the complex of Spirulina and chitooligosaccharides may play a synergistic role in
killing pathogens in the depth of biofilm. This research first screened chitooligosaccharides with
significant bactericidal effects. Subsequently, Spirulina@Chitooligosaccharides (SP@COS
complex was prepared by combining chitooligosaccharides with Spirulina through electrostatic
adsorption. The binding of the complex was characterized by zeta potential, z-average size, and
fluorescence labeling. Ultraviolet-visible spectroscopy (UV-Vis) showed the encapsulation
efficiency and the drug loading efficiency reached up to 90% and 16%, respectively. The prepared
SP@COS2 exhibited a profound synergistic inhibition effect on bacterial and fungal biofilms,
which was mainly achieved by destroying the cell structure of the biofilm. These results
demonstrate the potential of Spirulina-chitooligosaccharides complex as a biofilm inhibitor and
provide a new idea for addressing the harm of pathogenic microorganisms.

Keywords: biofilm; anti-biofilm; microalga; Spirulina; chitooligosaccharides
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Figure 1 The formation of SP@COS and the
process of destroying biofilm.
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IR ER . B 30 mL e T 2
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W¥E 12 ho DACHIKPES 3 IR, Al L
H, B, RS ARKERN SP@COS2 E4&
VI
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(1) zeta HLA . RLAR A0

B 1 mL AR S SP@COS2 i, finA
BNACE R AL AR St R Zetasizer
Software F£J¥, MR EEHET, FE 50k

Table 1  Structural characteristics of different chitooligosaccharides

Type of Molecular  Degree of Degree of Monosaccharide composition

chitooligosaccharides weight (Da) polymerization  deacetylation (%)

COS1 800 2-8 95 Mainly glucosamine, a small amount of N-acetyl
glucosamine

COS2 8000 2-20 95 Mainly glucosamine, a small amount of N-acetyl
glucosamine

COS3 600 2-7 5 Mainly N-acetyl glucosamine, a small amount of
glucosamine

COS4 1 000 2-20 63 Glucosamine and N-acetyl glucosamine
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Figure 2

Antibacterial curve. Comparison of the inhibitory effects of four chitooligosaccharides on

Escherichia coli (A) and Saphylococcus aureus (B). The concentration-inhibition curve of COS2 against: E.

coli (C) and S aureus (D).

F2 COS2#91Csv MIC 1 MBC

Table 2 1C50, MIC and MBC of COS2
Unit (mg/mL) Escherichia coli Saphylococcus aureus

1Cso MIC MBC ICso MIC MBC
COS2 0.2 5 5 0.01 2 5
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Figure 3 Monitoring the growth of Spirulina. A: The culture broth state of Spirulina subcultured for 0 and

72 h. B: Super-resolution confocal microscopy images of Spirulina. C: Fluorescence microscope image of
Spirulina at 0, 24 h, and 72 h. Bar=100 pm. D: Growth curve. E: Standard curve.
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*: P<0.05; **: P<0.01; ***:

Figure 4 Z-average (A) and zeta potential (B) of Spirulina, COS2, and SP@COS2. *: P<0.05; **: P<0.01;

**%: P<0.001, ns: No significant difference.
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Figure 5  Super-resolution confocal microscopy images. A: COS2-FITC binding to Spirulina. B:
FITC-WGA recognizes COS2. C: FB28 recognizes of COS2. Average fluorescence intensity of D: COS2-FITC
binding to Spirulina. E: FITC-WGA recognizes COS2. F: FB28 recognizes of COS2. *: P<0.05; **: P<0.01;
**%*: P<0.001; ns: No significant difference.

&: 010-64807509 B<: cjb@im.ac.cn



4144 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

76 1 mg/mL BHEEIRAL, BT8R A S A
LA, PP T O P 28 (FB28)
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0.25 mg/mL DA bR, AEE 90%L) . 1 mg/mL
FEEPE IR E G, A RAE 16.2%,
NI 96.48%.
2.4 SP@COS2 44 FERIHNHI R ITN
WETETIR, WIS IFRIE T SP@COS2.
BT ORIEAG T SP@COS2 Xif A= Wik s iy 410 i 4
FH o B 206 A0 B8 AR 0 B 3 M EA T T I
WK 7A. 7B P, JCIRSE g 2 IR i ik 2
B2 BV, SP@COS2 ¥ COS2 AT i
HHEHEOR(P<0.000 1), fF58& 3, 2.5 mg/mL
) COS2 Xf KMt b LE W a6 i 10% K1) 41
YERT, 1.25 mg/mL B COS2 %4 v €0 3 25 BR
AEYIBIER T 10%893HEN, B SP@COS2
1£ 0.312 5 mg/mL ¥R ERT A THIVEA, BEikx)
KIGHFREINHIZ T 10%, 48 (04 3R N
50%. 5 mg/mL Y COS2 XF K WHT 1 A Wk I Y
PEAR 15%22 47, 1 SP@COS2 i 2
ALIRE] 60%LA b, IZMREER) COS2 X 4 B (A 72
BRI AR BRI 2 60%, SP@COS2 AT
TN 80%. ULAL, RMIE T IEHERERT T KA
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{USTESE AR TR, I Zeh 25% 4445, T
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Figure 6 UV-Vis analysis. UV-Vis spectra of COS2-FITC (A) and SP@COS2-FITC (B). C: The standard
curve of COS2-FITC. Encapsulation efficiency (D) and drug loading efficiency (E) of SP@COS2-FITC.
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Figure 7

Inhibition rate of different concentrations of SP@COS2 and COS2 on different biofilms. A:

Escherichia coli biofilm. B: Saphylococcus aureus biofilm. C: Candida albicans planktonic bacteria. D:
Candida albicans biofilm. *: P<0.05; ***: P<0.001; ****: P<(0.000 1, ns: No significant difference.

2.5 SP@COS2. COS2 X HBZKEEY
AR AT S22

PR T SP@COS2 A WAt HiA: )
PERERT S, ABMIE S S a5 n s A, RS R

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

Mg AT COS2 MMiilHEAT T X . AnlEl 8A i,
FE S EREAE YWY U5, A 5 mg/mL
f) SP@COS2 E&WIAbHE 24 h, EEEAY,
S ZRWEEREER, A7 AR 28 Xt
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Figure 8 Morphological changes of Candida albicans biofilm. A: SP@COS2 treatment group. B: COS2

treatment group. C: Candida albicans normal biofilm.
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