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Table 1. Pseudomonas isolates recovered from raw milk and species identification results based on

168 rRNA gene sequencing

Species Strain Query Sample Gene
cover  Source Accession
(%) (NCBI) Number
1 P KR3M-28 97 Agricultural MN752870.1
moravensis soil
2 P putida M7 97 MTB- KF358270.1
contaminated
soil
3  P.protegens  HT8 99 Canola CP013184.1
rhizosphere
soil
4 P koreensis N2 97 Rhizosphere MNS527329.1
5 P protegens CM- 97 Sterilized MZ674076.1
YJ10_15- Dendrobium
44
6 P AO 15 97 Oil- KX760140.1
aeruginosa contaminated
soil
7 P NBRAJG90 100 Water EU734822.1
aeruginosa
8  Pseudomonas S6-238 96 Plant tissue JQ660196.1
sp.
9 P 16s 97 Seawater EUS543578.1
fluorescens
10 Pseudomonas KLEPS3 -1 Plant tissue JQ910871.1
sp.
11  Pseudomonas 1 29 - Chemical MH475338.1
sp. fertilizers

1Because the portion of the sequence did not match the reference data effectively; it was not possible to provide the amount of overlap

sy, ol o> « Pseudomonas 4y

fbﬂ*z 6\.&-\.‘}}3|J.>Aer&jJ_9~b—> eI Y—Yy
Saa b LG
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Table 2. Distribution and characteristics of predicted genes in the sequence: position, length, and start codon

Sequence Start Strand Length End (bp) Start (bp)

ID Codon (bp)

Group 1 AGA + 99 99 1
ATG + 27 261 235
ATG + 93 438 346
ATG + 6 579 574
ATG + 27 816 790
ATG + 18 972 955
ATG + 78 1050 973

Group 2 GAG + 12 13 2
ATG + 33 124 92
ATG + 24 223 200
ATG + 87 361 275
ATG + 96 763 668
ATG + 39 949 911

Group 3 AGG + 33 35 3
ATG + 15 383 369
ATG + 90 719 630
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ATG + 9 890 882
ATG + 63 1049 987
AAC - 6 1050 1045
ATG - 72 912 841
ACT — 171 1049 879
ATG — 18 608 591
ATG — 12 152 141
CTA — 111 1048 938
ATG - 9 841 833

Sequence 1 (Group 1) corresponds to the first region of the studied genome and includes several putative genes

on the positive strand.

Sequence 2 (Group 2) represents the middle region of the genome, in which several short ORFs were identified

on the positive strand.

Sequence 3 (Group 3) covers the terminal region of the genome and contains predicted genes on both the
positive and negative strands, some of which have atypical start codons. Each of these sequences contains
multiple putative open reading frames (ORFs), identified through gene prediction analysis using CLC Genomics

Workbench version 8.5 (QIAGEN).
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Fig 1. RAPD pattern of the XD5 gene fragment amplified by PCR in 30 Pseudomonas species.
M: 100 bp DNA ladder (molecular size standard); Lanes 1-30: XD5 gene fragments from the 30 Pseudomonas isolates in
this study.
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Fig 2. RAPD-PCR-based phylogenetic tree with bootstrap values and genetic distances for analyzing evolutionary
relationships among 30 Pseudomonas isolates
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Fig 3 . SDS-PAGE electrophoresis pattern of inoculated and non-inoculated skim milk after thermal treatment and storage
on days 3, 7, and 10, showing the degradation of as-, -, and k-casein bands in inoculated groups A, B, and C, and non-
inoculated groups D, E, and F.

A: Inoculated sample, initially stored at 4 °C; B: Inoculated sample, initially stored at 10 °C; C: Inoculated sample, initially
stored at 25 °C; D: Non-inoculated sample, initially stored at 4 °C; E: Non-inoculated sample, initially stored at 10 °C; F:
Non-inoculated sample, initially stored at 25 °C.
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Table 3. Descriptive statistical summary of protein band intensities (BAND)

Group Time (days) N Mean+SD Minimum Maximum
Inoculated 3 3 333+0.58* 3 4
7 3 3.67+£0.58* 3 4
10 3 467+058° 4 5
Total — 9 3.89+0.78 3 5
Not inoculated 3 3 4.67+0.58° 4 5
7 3 367+1.15* 3 5
10 3 333+£0.58* 3 4
Total — 9 3.89+0.93 3 5

“Different letters indicate significant differences at (p < 0.05)
“*the incubation days at 25°C
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Table 4. Post hoc test results — pairwise comparisons

Treatment Comparison (Time) Mean p-value p-value
Difference (LSD) (Tukey)
Inoculated Group 3 vs. Group 7° -0.33 0.506 0.768
Group 3 vs. Group -1.33 0.030 0.067
10°
Group 7 vs. Group -1.00 0.078 0.165
10°
Not Group 3 vs. Group 7° 1.00 0.184 0.355
inoculated Group 3 vs. Group 10¢ 1.33 0.092 0.193
Group 7 vs. Group 0.33 0.635 0.874
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Different letters (a, b) indicate significant differences at p <0.05 (LSD test). Groups sharing the same letter are not
significantly different
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The present study investigated the molecular mechanisms and
functional aspects of proteolytic gelation in autoclave-sterilized milk,
focusing on Pseudomonas protegens and other psychrotrophic
species. Raw milk collected from dairy farms in Isfahan, was screened
for the presence of Pseudomonas species, and the strain P. protegens
KSM1 was selected for detailed analysis. PCR results showed that
none of the isolates carried the AprX gene of 890 bp, and ORF analysis
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confirmed the presence of only short ORFs (<171 bp). The genetic
diversity of 30 isolates was evaluated using RAPD-PCR with the XD5
primer, revealing similarity coefficients ranging from 0.79 to 1.00 and
divergence up to 43%; P. aeruginosa formed a compact cluster,
whereas P. protegens, P. koreensis, P. putida, and P. fluorescens were
distributed across separate branches. SDS-PAGE analysis indicated
that inoculated samples experienced severe casein degradation, and
the presence of a marker band at 45-50 kDa indicated bacterial
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alkaline protease activity. Proteolysis in inoculated samples increased
significantly, particularly between days 3 and 10 (p<0.05), while
control samples showed minimal changes. These findings
demonstrate that bacterial proteases are the main contributors to
protein degradation during storage. Among the isolates, P. protegens
KSMI1 represents a suitable model for studying protein spoilage
mechanisms and developing strategies to prevent gelation in UHT
milk.
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