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Identification and biofilm formation characterization of Citrobacter
werkmanii isolated from industrial spoilage
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Abstract: [Objective] A microorganism from the samples of industrial spoilage with high-yield bac-
terium biofilm was isolated and identified. Meanwhile studies on characterization of biofilm forma-
tion were also carried out. [Methods] First of all, crystal violet stain was used to evaluate the ability
of the biofilm-forming of screened strains in 96-cell microplates. And then, colonial morphology,
physio-biochemical tests and 16S rRNA sequence analysis were adopted to determine the phyloge-
netic position of the isolated strains. Finally, the effects of attachment materials and culture tempera-
ture on the characterization of biofilm formation were also researched using scanning electron mi-
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croscope (SEM) and crystal violet stain respectively. [Results] The best biofilm-forming strain was
identified and clarified into Citrobacter werkmanii. And biofilm could be formed on the surfaces of
glass, stainless steel and polyvinylchloride (PVC) respectively. Moreover the characterization of bio-
film could be significantly influenced by temperature and the best biofilm was found on the PVC at
30 °C no matter which materials. [Conclusion] In industrial spoilage, the biofilm-forming strains
could be found and its ability to produce biofilm could also be affected by materials and temperature.

Keywords: Citrobacter werkmanii, Identification, SEM, Biofilm, Temperature
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Figure 1 Gram stain of selected strain
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Table 1 Physiological and biochemical characteristics of isolated strain

Hi

Characteristics

AT BT

C. werkmanii

B-EFLHEH M ONGP

IS EBRAUKf#EF Arginine double hydrolytic enzyme
AR BARAE Lysine decarboxylase
BRI Ornithine decarboxylase
Fri&ERREE Citrate (Simmons)

itk &= H,S production

%M Urease
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3R LT Wl Az 2, T F 3 F i Voges-Proskauer
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% Mk Melibiose
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P H7 A4 Arabinose

i 8 2K A AL Oxidase

3-FRFLIRHFR G 3-Hydroxybenzoate

N FR%E Malonate

+ +

+ +

W o+ BHE; - B

Note: +: Positive; —: Negative.
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® Citrobacter werkmanii BF-6
Citrobacter werkmanii CDC 0876-58 (NR_024862)
Citrobacter murliniae CDC 2970-59 (NR_028688)
Citrobacter freundii DSM 30039 (NR_028894)
Citrobacter braakii 167 (NR_028687)
Citrobacter gillenii CDC 4693-86 (NR_041697)
Citrobacter youngae GTC 1314 (NR_041527)
Citrobacter farmeri CDC 2991-81 (NR_024861)

90 —|:Citrobacter rodentium DO 14784 (NR_028685)
84 Citrobacter sedlakii 1-75 (NR_028686)

2 fi&kifE 16S rRNA EE F IR ENR BF-6 B XBEMMRRELEN
Figure 2 Phylogenetic tree of BF-6 and related bacterial species
Note: Phylogenetic tree was constructed by the bootstrapping and Neighbor-Joining method with MEGA 4.0 software.

Bl 3 E#k BF-6 ERFNH(A). WEHE®B). PVC (OFRAFEKEYEAFEFEHIER
Figure 3 SEM of biofilm formation by BF-6 on the surface of stainless steel (A), glass (B) and PVC (C)
d: KREGOKR 1000 £%, Bar: 10 pm; /NEDERFRHORE, BORARECS 000 £5, Bar: 2 pm.
Note: Big picture: 1 000x magnification, bar: 10 pm; Small picture: 5 000x magnification, bar: 2 pm.
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