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Abstract [Objectives] To investigate the phenotypic characteristics of Carnobacterium maltaromaticum, one of the
dominant cultivable bacterial species in the larval gut of the diamondback moth, Plutella xylostella. [Methods] The
phenotype of C. maltaromaticum was analyzed with BIOLOG phenotype MicroArray (PM). A total of 950 different metabolic
phenotypes were tested using PM plates 1-10. [Results] C. maltaromaticum was able to metabolize 34.74% of the tested
carbon sources, 99.47% of nitrogen sources, 100% of sulfur sources, and 79.66% of phosphorus sources. Most informative
utilization patterns for carbon sources of C. maltaromaticum were organic acids and carbohydrates, and for nitrogen were
various amino acids and peptides. The bacterium did not have different biosynthetic pathways but was highly adaptable and
continued to metabolize in osmolytes with up to 10% sodium chloride, 6% potassium chloride, 5% sodium sulfate, 20%
ethylene glycol, 6% sodium formate, 7% urea, 8% sodium lactate, 200 mmol/L sodium phosphate (pH 7.0), 200 mmol/L
sodium benzoate (pH 5.2), 100 mmol/L ammonium sulfate (pH 8.0), 100 mmol/L sodium nitrate, and 100 mmol/L sodium
nitrite. It could not, however, grow in media with 9% to 12% sodium lactate. It had an active metabolism at pH values between

5 and 10, with an optimal pH of around 10.0. In the presence of various amino acids, C. maltaromaticum showed deaminase

* Supported projects 2014 025 2015 2102
31460482 [2015]4012

ok First author E-mail 1094595748@qq.com

HAE Corresponding author E-mail 1iwh2015@126.com

Received 2018-01-16 Accepted 2018-05-03



4 - 687 -
activity but no decarboxylase activity. [Conclusion] Phenotypic characterization of C. maltaromaticum has increased our
knowledge of this bacterium and also revealed useful information on its function and the interaction between it and its host.
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Fig. 1 Datafor Biolog Phenotype MicroArray PM 1-PM 10 plates of the gut bacteria
Carnobacterium maltaromaticum Br-2

EfFEE A-H 1-12

A-H and 1-12 are used to locate each well in PM1-PM 10 plate in figure. Utilization of the isolate of
C. maltaromaticum from the DBM gut is indicated by green areas in the growth curve for each substrate.
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Tablel Substratesin PM1and PM2 MicroPlates effectively metabolized by Carnobacterium maltaromaticum

# #
Cond. Substrate Cond. Substrate #Cond. Substrate
1-A02 1-E04 D- -6- 2-A09

L-arabinose D-fructose-6-phosphate Inulin
1-A03  N- -D- 1-E08  B- -D- 2-B01  N- -D-

N-acetyl-D-glucosamine B-methyl-D-glucoside N-Acetyl-D-galactosamine
1-A10 D-trehalose 1-E10 Maltoriose 2-B03  B-D- B-D-allose
1-A11  D- D-mannose 1-E11  2- 2'-deoxyadenosine  2-B04 Amygdalin
1-B02  D- D-sorbitol 1-E12 Adenosine 2-B05 D- D-arabinose
1-B03 Glycerol 1-F03 M-inositol 2-B08 Arbutin
1-B04  L- L-fucose 1-F06 Bromo succinicacid  2-B11  D- D-fucose
1-B05 D- 1-F11 2-B12  3-0-B-D- -

D-glucuronic acid D-cellobiose 3-0--D-galacto-pyranosyl-D-arabi

nose
1-B06 D- 1-F12 2-C01

D-gluconic acid Inosine Gentiobiose
1-B08  D- D-xylose 1-G07 Acetoacetic acid 2-C04 D- D-melezitose
1-B11  D- D-mannitol 1-G10 Methylpyruvate  2-CO05 Maltitol
1-C01  D- -6- 1-G12  L- 2-C06 a- -D-

D-glucose-6-phosphate L-malic acid a-methyl-D-glucoside
1-C03 D, L- 1-HO5 D- 2-C10  a- -D-

D,L-malic acid D-psicose o-methyl-D-mannoside
1-C04 D- D-ribose 1-HO6  L- L-lyxose 2-C12 Palatinose
1-C06  L- L-rhamnose 1-HO7 Glucuronamide  2-D02 Salicin
1-C07  D- D-fructose 1-HO8 Pyruvic acid 2-D06 D- D-tagatose
1-C09  o-D- 1-H09 L- -y- 2-D07

a-D-glucose L-galactonic acid-y-lactone Turanose
1-C10 1-H10 D- 2-E01

Maltose D-galacturonic acid Capric acid
1-C12 Thymidine 2-A03  a- a-cyclodextrin 2-E05 D- D-glucosamine
1-D07  o- 2-A04  B- 2-E12  5- -D-

a-keto-butyric acid B-cyclodextrin 5-keto-D-gluconic acid
1-D09  a-D- a-D-lactose 2-A05  y- y-cyclodextrin 2-F05 Oxalomalic acid
1-DI11 Sucrose 2-A06 Dextrin 2-H09 Dihydroxy acetone
1-D12 Uridine

#Cond. Biolog PM1-PM2

#Cond. is short for the assay conducted on the Biolog PM1-PM2 plates.
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Table2 Substratesin PM3 MicroPlates effectively metabolized by Carnobacterium maltaromaticum
#Cond.  Substrate  #Cond. Substrate #Cond. Substrate #Cond. Substrate
A01 Col L- EO01 GO1
Negative control L-tyrosine Histamine Xanthine
A02 C02 L- E02 B- G02
Ammonia L-valine B-phenylethyl-amine Xanthosine
A03 Nitrite C03 D- D-alanine E03 Tyramine GO03 Uric acid
A04 Nitrate C04 D- D-asparagine E04 Acetamide G04 Alloxan
A0S C05 D- EO05 GO5
Urea D-Aspartic acid Formamide Allantoin
A06 C06 D - E06 G06
Biuret D-Glutamic acid Glucuronamide Parabanic acid
A07 L- C07 D- E07 D,L- G07 D,L-a-
L-alanine D-lysine D,L-lactamide D,L-a-amino-
N-butyric acid
A08 L- C08 D - E08 D- GO08 v-
L-arginine D-serine D-glucosamine y-amino-N-butyric acid
A09 L- C09 D- E09 D- G09 e- N-
L-asparagine D-valine D-galactosamine g-amino-N-caproic acid
Al10 L- Cl0 L- E10 D- G10 D, L-o- D,L-
L-aspartic acid L-citrulline D-mannosamine o- amino-caprylic acid
All L- Cll L- Ell N- -D- G11 &- -N-
L-cysteine L-homoserine N-acetyl-D-glucosamine 6-amino-N-valeric acid
Al12 L- Cl12 L- E12 N- -D- G12 a- -N-
L-glutamic acid L-ornithine N-acetyl-D-galactosamine a-amino-N-valeric acid
B0l L- D01 N- -D, L- FOl N- -D- HO1 -
L-glutamine N-acetyl-D,L-glutamic N-acetyl-D-mannosamine Ala-asp
acid
B02 D02 -L- F02 HO02 -
Glycine N-phthaloyl-L-glutamic Adenine Ala-Gln
Acid
B03 L- D03 L - F03 HO03 -
L-histidine L-pyroglutamic acid Adenosine Ala-Glu
B04 L- D04 F04 HO4 -
L-isoleucine Hydroxylamine Cytidine Ala-Gly
BO5 L- D05 FO5 HO5 -
L-leucine Methylamine Cytosine Ala-His
B06 L- D06 F07 HO06 -
L-lysine N-amylamine Guanosine Ala-Leu
B07 L- D07 FO8 HO7 -
L-methionine N-butylamine Thymine Ala-Thr
B08 L- D08 F09 HO08 -
L-phenylalanine Ethylamine Thymidine Gly-Asn
B09 L- D09 Ethanolamine F10 HO09 -
L-proline Uracil Gly-Gln
BI10 L- D10 Fl1 H10 -
L-serine Ethylenediamine Uridine Gly-Glu
BIl L- D11 F12 H11 -
L-threonine Putrescine Inosine Gly-Met
BI2 L- D12 H12 -
L-tryptophan Agmatine Met-Ala
#Cond. Biolog PM3

#Cond. is short for the assay conducted on the Biolog PM3 plates.
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