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Abstract
A Gram-stain-negative, aerobic, rod-shaped bacterial strain, designated ZYSR67-ZT, was isolated from a pharmaceutical 
wastewater sample collected from a chemical factory in Zhejiang, China. The strain was motile by a single polar flagellum 
and grew at 4–42 °C (optimum, 35 °C), pH 5.0–9.0 (optimum, 6.0) and 0–5.0% (w/v) NaCl (optimum, 2.0%). Based on 
multilocus sequence analysis using 16S rRNA, gyrB, rpoB and rpoD, the strain ZYSR67-ZT formed a distinct phylogenetic 
group in the genus Pseudomonas. The average nucleotide identity values between strain ZYSR67-ZT and the closely related 
10 type strains of the Pseudomonas species were 75.8–78.6%. The in silico DNA–DNA hybridization values indicated that 
strain ZYSR67-ZT and the type strains of the Pseudomonas shared 21.4–23.1% DNA relatedness. The predominant isopre-
noid quinone system was ubiquinone-9 while ubiquinone-8 was present in trace amounts. The major fatty acids (> 10%) 
identified were C12:0, C16:0, C18:1 ω7c and summed features 3 (C16:1 ω7c and/or iso-C15:0 2OH). The major polar lipids 
consisted of phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. The genomic DNA G+C content 
was 62.6 mol%. On the basis of morphological, physiological and chemotaxonomic characteristics, together with the results 
of phylogenetic analysis, strain ZYSR67-ZT was proposed to represent a novel species of the genus Pseudomonas, named 
Pseudomonas pharmafabricae sp. nov.. The type strain is ZYSR67-ZT (= CGMCC 1.15498T = JCM 31306T).

Introduction

The genus Pseudomonas, belonging to the family Pseu-
domonadaceae was first described by Migula [16]. At the 
time of writing, this genus comprises 232 validly named 
species (http://www.bacte​rio.net/pseud​omona​s.html). This 
genus is typically featured as being Gram-staining-nega-
tive, non-spore forming, rod-shaped, having one or more 
polar flagella, and with Q-9 as the major respiratory qui-
none. Most members of this genus are aerobic, but some 
are (facultatively) anaerobic using NO3 as alternate electron 
acceptor. The DNA G+C content of this genus is generally 
58–69 mol% [10, 18, 29, 37].

Pseudomonas is one of the most diverse and ubiquitous 
bacterial genera whose species have been isolated from a 
variety of environments, such as soils, plants, animals, min-
eral waters, marine environments and clinical materials [20]. 
Members of this genus display great importance in waste-
water treatment processes due to their high biodegradation 
capability of many organic compounds [33]. A few bacteria 
belonging to the ‘viable but non-culturable’ (VBNC) state 
have already been isolated from soil and wastewater through 
adding the resuscitation-promoting factor (Rpf) produced by 

The GenBank/EMBL/DDBJ accession number for the 16S rRNA 
gene, gyrB, rpoB and rpoD sequences of strain ZYSR67-ZT are 
KX910087, KY887561, KY887563 and KY887562, respectively. 
WGS whole-genome project accession number for strain ZYSR67-
ZT is PIYS00000000. The Digital Protologue database Taxon 
Number for strain ZYSR67-ZT is TA00200.
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Micrococcus luteus JCM 21373T [7, 35]. Some were sub-
sequently classified as belonging to novel species [12, 24, 
35]. In this study, using the same strategy, we describe a 
recovered VBNC bacteria strain ZYSR67-ZT isolated from a 
pharmaceutical wastewater sample. Based on the polyphasic 
taxonomic analysis, the isolate represents a novel species of 
the genus Pseudomonas, for which the name Pseudomonas 
pharmafabricae sp. nov. is proposed.

Materials and Methods

Strains and Culture Conditions

Strain ZYSR67-ZT was isolated from a pharmaceutical 
wastewater sample collected in Jinhua, Zhejiang province, 
China (29°12′N 119°64′E). Enrichment and isolation of this 
strain were performed as described by Yu et al. [35]. Purified 
strain ZYSR67-ZT was routinely cultured on LB medium 
(Tryptone 10 g, Yeast extract 5 g, NaCl 10 g, H2O 1000 mL, 
pH 7.0) at 35 °C and was preserved as suspensions with 20% 
(v/v) glycerol at − 80 °C. Two type species, Pseudomonas 
guguanensis JCM 18416T [14] and P. alcaligenes JCM 
20561T [6], were selected as references for physiological 
and chemotaxonomic analyses. Both of them were obtained 
from the Japan Collection of Microorganisms (JCM) and 
cultured under the same conditions as strain ZYSR67-ZT.

Phenotypic Characterization

Light microscopy (BX40; Olympus) and transmission elec-
tron microscopy (JEM-1230; JEOL) were used to observe 
the morphological characteristics of the strain cells cultured 
in the log-growth phase [30]. Motility was determined by 
inoculation in 0.5% Semi-solid agar LB agar medium and 
then observed whether colonies were radial or out diffusion. 
Optimal growth conditions and growth range were tested 
on LB medium. The temperature range for growth was 
tested at 4–45 °C (4, 10, 12, 15, 20, 28, 30, 35, 37, 40, 42 
and 45 °C). pH range for growth was measured from 4.5 to 
10.0 (0.5 unit intervals) by supplementing 40 mM buffering 
agents, including MES (pH 4.5–6.0), PIPES (pH 6.5–7.5), 
tricine (pH 8.0–8.5) and CAPSO (pH 9.0–10.0). Tolerance 
of NaCl (0–10.0%, w/v, at intervals of 1%) was investigated 
using NaCl-free LB medium. Anaerobic growth was exam-
ined in an anaerobic jar (MGC) with AnaeroPack (MGC) 
on modified LB agar supplemented with sodium thiosul-
phate (20 mM), sodium sulphite (5 mM), sodium sulphate 
(20 mM), sodium nitrite (5 mM), sodium nitrate (20 mM) 
and l-arginine (5.0 g L−1) as potential electron acceptors 
for 15 days.

Gram-staining reaction was carried out according to 
Claus [1]. Catalase activity was determined by utilizing 3% 

(v/v) H2O2 and oxidase activity was determined by oxidase 
reagent (bioMérieux). Hydrolysis of starch, gelatin, casein 
and tyrosine was tested according to Dong and Cai [3]. H2S 
production test was assayed on the basis of Zhang et al. [36]. 
Hydrolysis of Tweens 20, 40, 60 and 80 was examined as 
described by Sun et al. [25]. The other physiological and 
biochemical characteristics were tested using API ZYM, 
API 20NE, API 50CH strips (BioMérieux) and the GN2 
MicroPlate (Biolog Inc., USA) according to the manufac-
turer’s instructions, which were observed after incubation 
at 35 °C for 4, 48, 48 h and 7 days, respectively. Antibi-
otic susceptibility test was carried out by antibiotics discs 
(WS/T125-1999) on LB medium plate, including ampicillin 
(10 µg), tobramycin (10 µg), nystatin (100 µg), rifamycin 
(5 µg), erythromycin (15 µg), bacitracin (0.04 U), ofloxacin 
(5 µg), vancomycin (30 µg), kanamycin (30 µg), clindamycin 
(2 µg), doxycycline (30 µg) and ciprofloxacin (5 µg).

Phylogenetic Analysis of 16S rRNA, Housekeeping 
Genes and Whole Genome

The genomic DNA of strain ZYSR67-ZT was extracted using 
a Quick Bacteria Genomic DNA Extraction kit (DongSheng 
Biotech). The 16S rRNA gene sequence was amplified 
using general primer pair 8F (5′-AGA​GTT​TGA​TCC​TGG​
CTC​AG-3′) and 1510R (5′-GGC​TAC​CTT​GTT​ACG​ACT​
T-3′) [2], the PCR products were cloned into pClone007 
Vector (Tsingke) and the positive clones were selected and 
sequenced. The resulting almost-complete 16S rRNA gene 
sequence (1462 bp) was subjected to pairwise sequence 
alignment by the EzTaxon server 2.1 (http://www.ezbio​cloud​
.net/; Yoon et al. [34]). To further ascertain the phylogenetic 
position of the strain ZYSR67-ZT, three housekeeping genes 
gyrB, rpoB and rpoD [14, 31] were amplified using primers 
UP-1 (5′-CAYGCNGGNGGNAAR​TTY​GA-3′) and UP-2r 
(5′-CCRTCNACRTCNGCRTCNGTCAT-3′) (gyrB), LAPS 
(5′-TGG​CCG​AGA ACC​AGT​TCC​GCG​T-3′) and LAPS27 
(5′-CGG​CTT​CGT​CCA​GCT​TGT​TCAG-3′) (rpoB), and 
70F (5′-ACG​ACT​GAC​CCG​GTA​CGC​ATG​TAY​ATGMGN-
GAR​ATG​GGNACNGT-3′) and 70R (5′-ATA​GAA​ATA​
ACC​AGA​CGT​AAGTTNGCYTCNACC​ATY​TCY​TTY​
TT-3′) (rpoD). The gyrB, rpoB and rpoD gene sequences 
of ZYSR67-ZT were compared with their phylogenetically 
related sequences using the Blast program of the GenBank 
database. A pairwise sequence alignment was achieved using 
the CLUSTAL_X program, version 1.8 [28]. Phylogenetic 
trees were constructed by the methods of neighbour-joining 
[22], maximum-parsimony [5] and maximum-likelihood 
[26] with the software package MEGA 6.0 [27], and evalu-
ated by bootstrap analysis [4] after 1000 replications.

The genome of strain ZYSR67-ZT was sequenced by 
Solexa PE150 sequencing technology with the HiSeq plat-
form (Novogene Technology Company). The sequencing 

http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
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generated approximately 1.43 Gbyte of clean data (approxi-
mate 250-fold genome coverage). The de novo assembly 
of the reads was performed using ABySS 2.0.2 [23]. The 
assembly k-value was tested from 32 to 64 to find the opti-
mal k-value using abyss-pe script. The quality of microbial 
genomes was assessed using the bioinformatic tool CheckM 
1.0.7 [19]. The genome sequences of closely related 10 spe-
cies of the genus Pseudomonas were retrieved from the Gen-
Bank database. The average nucleotide identity (ANI) was 
calculated using the OrthoANI algorithm of the Chun lab’s 
online ANI calculator [11]. In silico DNA–DNA hybridiza-
tion (DDH) values were calculated by genome-to-genome 
distance calculator (GGDC) [15]. DNA G+C mol% was cal-
culated from the genomic sequences.

Determination of Isoprenoid Quinones, Fatty Acids 
and Polar Lipids

For chemotaxonomic studies, cell biomass of strain 
ZYSR67-ZT and the two closest reference strains were cul-
tured in LB medium at 35 °C for late-logarithmic phase, 
and then lyophilized. Isoprenoid quinones were extracted 
as described by Komagata and Suzuki [8] and identified by 
HPLC as described by Minnikin et al. [17]. Fatty acid methyl 
esters were extracted as described by Kuykendall et al. [9] 
and analysed according to the instructions of the Microbial 
Identification System (MIDI, Microbial ID, USA) with the 
standard MIS Library Generation Software version 4.5. The 
mixed solution of chloroform/methanol/water (1:2:1, v:v:v) 
was used to extract polar lipids, which were separated on 
two-dimensional TLC (silica gel 60 F254 plate, 10 × 10 cm, 
Merck). Four kinds of sparing reagents were used to detect 
the corresponding lipids, comprising molybdophosphoric 
acid for total lipids, molybdenum blue for phospholipids, 
ninhydrin reagent for lipids containing free aminolipids and 
α-naphthol/sulphuric acid reagent for glycolipids [36].

Results and Discussion

Phenotypic Characterization

Cells of strain ZYSR67-ZT were rod-shaped (0.3–0.5 µm in 
width and 1.0–1.2 µm in length) and motile with a single 
polar flagellum (Supplementary Fig. S1). Abundant growth 
was observed on both LB agar and Nutrient Agar (NA; 
BD Difco™) after incubation at 35 °C for 2 days. Strain 
ZYSR67-ZT grew optimally at 35 °C, pH 6.0, and in the 
presence of 2.0% (w/v) NaCl. Other physiological and bio-
chemical characteristics of strain ZYSR67-ZT are included 
in the species description. All negative properties tested 
using API ZYM, API 20NE and API 50CH strips are pre-
sented in Supplementary Table S2.

A comparison of the physiological and biochemical 
characteristics of strains ZYSR67-ZT, P. guguanensis JCM 
18416T and P. alcaligenes JCM 20561T is shown in Table 1 
and Supplementary Table S1. Several characteristics were 
found to discriminate strain ZYSR67-ZT from P. guguanen-
sis JCM 18416T and P. alcaligenes JCM 20561T. Especially, 
strain ZYSR67-ZT was not able to produce H2S, could not 
hydrolyse starch, casein, tyrosine and Tween 80, while two 
reference strains showed the contrary results. In addition, 
strain ZYSR67-ZT could grow at 4 °C, which was much 
lower than the temperature range of reference strains P. 
guguanensis JCM 18416T (20–42 °C) and P. alcaligenes 
JCM 20561T (25–42 °C).

Genotypic Characterization

On the basis of 16S rRNA gene sequence alignment, strain 
ZYSR67-ZT exhibited the highest similarity value (98.4%) 
with P. guguanensis JCM 18416T and to other species of 
Pseudomonas including P. alcaligenes JCM 20561T (98.1%), 
P. indoloxydans JCM 14246T (98.2%), P. alcaliphila 
CGMCC 1.6415T (97.9%) and P. tuomuerensis CGMCC 
1.1365T (97.2%), respectively. The phylogenetic trees recon-
structed with all three treeing methods indicated that strain 
ZYSR67-ZT formed an independent lineage within Pseu-
domonas and clustered with P. guguanensis JCM 18416T 
and P. alcaligenes JCM 20561T (Fig. 1), indicating that 
the strain represents a novel species within this genus. The 
overall topology of the phylogenetic tree based on individ-
ual or concatenated housekeeping genes (gyrB, rpoD and 
rpoB), also supported the conclusion obtained from 16S 
rRNA gene. MLSA analysis revealed that the gyrB gene 
sequence similarities between strain ZYSR67-ZT and its 
closest phylogenetic neighbours were P. guguanensis JCM 
18416T (84.9%), P. alcaligenes JCM 20561T (87.2%), P. 
indoloxydans JCM 14246T (85.4%), P. alcaliphila CGMCC 
1.6415T (85.6%) and P. tuomuerensis CGMCC 1.1365T 
(83.3%), respectively. The rpoD gene sequence similarities 
with the above 5 closest phylogenetic neighbour reference 
strains were 78.3, 80.2, 76.6, 76.7 and 79.7%, respectively. 
At the same time, the rpoB gene sequence similarity with 
the 5 reference strains were 92.7, 91.8, 91.8, 91.7 and 89.3%, 
respectively. The results obtained from the analysis of all 
these three genes are depicted as a consensus Maximum-
likelihood phylogenetic tree (Supplementary Fig. S2), which 
was reconstructed based on the concatenated gyrB (596 bp), 
rpoB (471 bp) and rpoD (529 bp) gene sequences.

The draft genome of ZYSR67-ZT was used to calculate 
the ANI and genome distance by computing in silico DDH 
with multiple type strains of species of the genus Pseu-
domonas. As shown in Table 2, the ANI values between 
strain ZYSR67-ZT and the phylogenetically closely related 
10 species of the genus Pseudomonas are 75.8–78.6%. The 
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in silico DDH values (the recommended results from for-
mula 2) indicated that strain ZYSR67-ZT and the closely 
related 10 type strains of the genus Pseudomonas shared 
only 21.4–23.1% DNA relatedness. The ANI values and in 
silico DDH values were strikingly lower than the threshold 
values of the species boundary (ANI 94–96% and in silico 
DDH 70%) [15, 21], revealing a low taxonomic relatedness 
between strain ZYSR67-ZT and the other type strains of the 
Pseudomonas species. This result indicated that the strain 
ZYSR67-ZT did not belong to any previously known species 
within the genus Pseudomonas. The genomic DNA G+C 
content was 62.6 mol%, within the range observed for spe-
cies of the genus Pseudomonas [18].

Isoprenoid Quinones, Fatty Acids and Polar lipids 
Characterization

The predominant respiratory quinone detected in strain 
ZYSR67-ZT was ubiquinone-9 (Q-9), which was consist-
ent with most members in genus Pseudomonas [14]. Trace 
amount of Q-8 (7.9%) was also detected in strain ZYSR67T, 
but not in P. guguanensis JCM 18416T and P. alcaligenes 
JCM 20561T. Fatty acid analysis of strain ZYSR67-ZT 
revealed that C18:1 ω7c (11.9%), C12:0 (12.5%), C16:0 (25.0%) 
and summed features 3 (C16:1 ω7c and/or iso-C15:0 2OH) 
(30.9%) were the major cellular fatty acids (> 10%). These 
data were similar with other two reference strains, and all 
the three strains possessed C18:1 ω7c and C16:0 as the most 
abundant fatty acids (Table 3). However, the profiles of 
strain ZYSR67-ZT were distinguishable from the reference 
strains by differences in the proportions of some fatty acids 
(Table 3). The polar lipids of strain ZYSR67-ZT were phos-
phatidylethanolamine (PE), phosphatidylglycerol (PG) and 
diphosphatidylglycerol (DPG), one unidentified aminophos-
pholipid (APL1), one unidentified aminolipid (AL1), two 
unidentified phospholipids (PL1, PL2) and two unknown 
glycolipids (GL1, GL2) (Supplementary Fig. S3).

Based on the morphological, physiological, phylogenetic 
and chemotaxonomic characteristics as described above, 
strain ZYSR67-ZT is considered to represent a novel species 
of the genus Pseudomonas, for which the name P. pharma-
fabricae sp. nov. is proposed.

Description of Pseudomonas pharmafabricae sp. 
nov.

Pseudomonas pharmafabricae (phar.ma.fab’ri.cae. L. masc. 
gen. n. pharmafabricae from a pharmaceutical factory).

Table 1   Differential characteristics of strain ZYSR67-ZT and the type 
strains of its phylogenetic neighbours

Strain: (1) ZYSR67-ZT; (2) P. guguanensis JCM 18416T; (3) P. alca-
ligenes JCM 20561T; (4) P. tuomuerensis CGMCC 1.1365T (Xin et al. 
[30]; Lin et  al. [13]; Yang et  al. [32]). Unless otherwise indicated, 
all data were obtained in this study; +, positive reaction; −, negative 
reaction; v, variable. All strains were positive for oxidase and cata-
lase activities, hydrolysis of Tween 40, esterase (C4), esterase lipase 
(C8), leucine arylamidase, valine arylamidase, acid phosphatase and 
naphthol-AS-BI-phosphohydrolase activities (API ZYM), assimi-
lation of arginine dihydrolase (API 20NE). All trains were negative 
for indole production, fermentation of glucose, hydrolyse of esculin, 
assimilation of β-galactosidase, l-arabinose, d-mannose, d-mannitol, 

Characteristics 1 2 3 4

Temperature (°C) 4–42 20–42a 25–42a 15–42
pH range 5.0–9.0 6.0–10.0a 6.0–10.0a 6.0–9.0
NaCl range (%, w/v) 0–5.0 0–7.0a 0–2.0a 0–6.5
Reduction of nitrate to
 Nitrite + − + +
 N2 + − − ND

H2S production − + + −
Hydrolysis of
 Starch − + + −
 Gelatin − + − −
 Casein − + + −
 Tyrosine − + + ND
 Tween 20 + − + +
 Tween 80 − + + v
 Urea − + − v

Enzymes(API ZYM)
 Alkaline phosphatase + + + −
 Lipase (C14) + + − +
 Cystine arylamidase − + + −
 Trypsine + + + −
 Chymotrypsin − + − −

API 20NE
 Assimilation of

  d-Glucose − + − −
  d-Maltose − + − −
  Potassium gluconate − + − −
  Capric acid − + + v
  Malic acid + + − v
  Trisodium citrate − + − −
  Phenylacetic acid − + − −

API 50CH
 Acid production from

  Glycerol + + − −
  d-Ribose + − − −
  d-Xylose + − − −
  d-Galactose + − − −
  d-Glucose − + − −
  d-Fructose + + − −
  d-Mannose + − − −
  d-Maltose + + − −
  d-Melibiose + − − −
  d-Fucose + − − ND

DNA G+C content (mol%) 62.6 64.1 64.8 60.4

N-acetyl-glucosamine and adipic acid (API 20NE)
a Date from Liu et al. [14]

Table 1   (continued)
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Cells are Gram-stain-negative, aerobic, rod-shaped 
(0.3–0.5 × 1.0–1.2 µm) and motile with single polar flagel-
lum (Supplementary Fig. S1). Colonies are 2–3 mm in diam-
eter, circular, canary yellow, semi-transparent with entire 
margins after incubation on LB agar at 35 °C for 2 days. 
Growth occurs at 4–42 °C (optimum, 35 °C), pH 5.0–9.0 

(optimum, pH 6.0) and with 0–5% (w/v) NaCl (optimum, 
2%). Catalase- and oxidase-positive. Positive results in 
tests for aerobic reduction of nitrate and nitrite, hydroly-
sis of Tween 20, Tween 40 and Tween 60. Sensitive to 
tobramycin, rifamycin, erythromycin, ofloxacin, kanamycin, 
doxycycline and ciprofloxacin. Negative results in tests for 

Fig. 1   Maximum-likelihood 
phylogenetic tree of strain 
ZYSR67-ZT with the closely 
related taxa based on 16S rRNA 
gene sequences (1462 bp). 
Numbers at branching points 
represent bootstrap values 
(%) from 1000 replicates; 
only values ≥50% are shown. 
Escherichia coli ATCC 11775T 
(X80725) was used as an out-
group. Solid circles indicate that 
the corresponding nodes were 
also recovered in neighbour-
joining tree. Bar, 0.05 substitu-
tions per nucleotide position

Pseudomonas flexibilis ATCC 29606T (JRUD01000023)

Pseudomonas tuomuerensis CGMCC 1.1365T (JTAK01000012)

Pseudomonas alcaligenes JCM 20561T (BATI01000076)

Pseudomonas toyotomiensis HT-3T (AB453701)

Pseudomonas guguanensis JCM 18416T (JQ864237)

Pseudomonas pharmacopolae ZYSR67-ZT (KX910087)

Pseudomonas oleovorans subsp. lubricantis RS1T (DQ842018)

Pseudomonas alcaliphila AL15-21T (AB030583)

Pseudomonas chengduensis MBRT (EU307111)

Pseudomonas mendocina NBRC 14162T (BBQC01000018)

Pseudomonas indoloxydans JCM 14246T (DQ916277)

Pseudomonas punonensis LMT03T (JQ344321)

Pseudomonas borbori R-20821T (AM114527)

Pseudomonas marincola KMM 3042T (AB301071)

Pseudomonas glareae KMM 9500T (LC011944)

Pseudomonas cuatrocienegasensis 1NT (EU791281)

Pseudomonas anguilliseptica NCIMB 1949T (X99540)

Pseudomonas guineae M8T (AM491810)

Pseudomonas oleovorans subsp. oleovorans IAM 1508T (D84018)

Pseudomonas duriflava HR2T (EU046271)

Pseudomonas luteola IAM 13000T (D84002)

Pseudomonas asuensis CP155-2T (AJ871471)

Escherichia coli ATCC 117755T (X80725)

84

99

100

66

67

50

59

55 82

0.02

Table 2   Average nucleotide 
identities and in silico 
DNA–DNA hybridization 
(DDH) values calculated 
when comparing the genomic 
sequence of ZYSR67-ZT with 
those of other species of the 
genus Pseudomonas 

The following is the list of strains and their GenBank accession number for the genomic sequence in paren-
theses:
(1) P. guguanensis JCM 18416T (FNJJ00000000); (2) P. alcaligenes JCM 20561T (BATI00000000); (3) P. 
toyotomiensis HT-3T (FOXK00000000); (4) P. chengduensis MBRT (FMZQ00000000); (5) P. oleovorans 
subsp. lubricantis RS1T (FNZC00000000); (6) P. alcaliphila CGMCC 1.6415T (FNAE00000000); (7) P. 
mendocina NBRC 14162T (BBQC00000000); (8) P. tuomuerensis CGMCC 1.1365T (JTAK00000000); (9) 
P. flexibilis ATCC 29606T (FMUP00000000); (10) P. punonensis LMT03T (FRBQ00000000)

Compared species of genus Pseudomonas OrthoANI values with 
ZYSR67-ZT

In silico DDH val-
ues with ZYSR67-
ZT

P. guguanensis JCM 18416T 77.91 22.60
P. alcaligenes JCM 20561T 78.60 23.10
P. toyotomiensis HT-3T 77.41 22.10
P. chengduensis MBRT 77.48 22.30
P. oleovorans subsp. lubricantis RS1T 77.72 22.10
P. alcaliphila CGMCC 1.6415T 77.50 22.20
P. mendocina NBRC 14162T 77.27 22.10
P. tuomuerensis CGMCC 1.1365T 76.63 21.50
P. flexibilis ATCC 29606T 76.65 21.50
P. punonensis LMT03T 75.83 21.40
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Voges–Proskauer, methyl red, hydrolysis of starch, gelatin, 
casein, tyrosine, Tween 80 and urea. Indole and H2S are 
not produced. Resistant to ampicillin, nystatin, bacitracin, 
vancomycin and clindamycin. In API ZYM tests, produc-
tion of alkaline phosphatase, esterase (C4), esterase lipase 
(C8), lipase (C14), naphthol-AS-BI-phosphohydrolase, 
valine arylamidase, trypsin, acid phosphatase and leucine 
arylamidase are positive reactions. In API 20NE tests, posi-
tive results are obtained for activity of arginine dihydrolase 
and assimilation of malic acid. In API 50CH tests, acid is 
produced from glycerol, d-ribose, d-xylose, d-galactose, 
d-fructose, d-mannose, esculin ferric citrate, d-maltose, 
d-melibiose, d-fucose, potassium gluconate and potassium 
5-ketogluconate. In GN2 MicroPlates analysis, positive 
results were observed for utilization of pyruvic acid methyl 
ester, acetic acid, β-hydroxybutyric acid, d,l-lactic acid, suc-
cinic acid, bromosuccinic acid, succinamic acid, l-glutamic 
acid, l-alaninamide, d-alanine, l-alanine, l-asparagine, 
l-histidine, hydroxy-l-proline, l-proline, inosine and putres-
cine. The predominant isoprenoid quinone is Q-9, and pres-
ence of trace amounts of Q-8. The major fatty acids (> 10%) 
are C12:0, C16:0, C18:1 ω7c and summed features 3 (C16:1 ω7c 

and/or iso-C15:0 2OH). The polar lipids are PE, PG, DPG, 
one unidentified aminophospholipid (APL), one unidentified 
aminolipid (AL), two unidentified phospholipids (PL1, PL2) 
and two unknown glycolipids (GL1, GL2). The DNA G+C 
content of the type strain is 62.6 mol%.

The type strain, ZYSR67-ZT (= CGMCC 1.15498T = JCM 
31306T) was isolated from pharmaceutical wastewater sam-
ple collected in Jinhua, Zhejiang province, China.
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