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environmental antibiotics by biological methods is considered to be an environmentally friendly
approach to deal with antibiotic contamination. [Objective] To screen out a bacterial strain with
efficient lincomycin degradation and study its degradation mechanism. [Methods] The strain
was identified based on physiological and biochemical characteristics and 16S rDNA sequence.
The antibiotic resistance genes were identified by PCR and the degradation products of
lincomycin by mass spectrometry. [Results] An efficient lincomycin-degrading strain
Pseudomonas RST-1 was isolated from a lincomycin mycelia dreg composting sample. After
incubation in the beef extract peptone medium with 3.0 g/L lincomycin for 40 h, Pseudomonas
RST-1 degraded up to 57.3% of lincomycin. The strain carried antibiotic resistance genes such
as intll, sull, and sul2. The results of mass spectrometry revealed that lincomycin was degraded
into demethyllincomycin and 2-propyl-N-methylproline. [Conclusion] The strain RST-1 has the
ability to degrade lincomycin efficiently, which may be achieved through demethylation and
amide bond hydrolysis. These results laid a foundation for the construction of
lincomycin-degrading strains and development of efficient degradation microbial agents.
Keywords: antibiotic; lincomycin; Pseudomonas; antibiotic resistance genes; degradation products
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Table I Lincomycin resistance genes PCR primers

51¥ 4 1975 P

Primer name Primer sequence (5'—3") Products length (bp)

ermA F: AAAACCCAAAGGACACTC 438
R: ATTCCACCATCAATAGCA

ermB F: AACGACGAAACTGGCTAA 413
R: CTGTGGTATGGCGGGTAA

ermC F: GGGGATTTTACCCTTGAA 308
R: AATGCCAATGAGCGTTTT

intl] F: TTCGGCATTCTGAATCTCACC 348
R: GCAGTCCGCCTCAGCAAT

InuB F: TGAGTACGGAACAGAGGT 376
R: GTTTAGCCAATTATCAGCAT

InuC F: TCAGTCAAGAGCCCATAA 318
R: TCAAACTCGTATCCCAGA

Inud F: ACTTATTGGTTAGATGGTGGCT 257
R: CCTTCTGGGTTTGCTTGG

sull F: TTCGGCATTCTGAATCTCACC 348
R: GCAGTCCGCCTCAGCAAT

sul2 F: TTTTCGGCATCGTCAACATAA 789
R: AGAGCGAGGTTTCGGGAGC

vgad F: CATTATCGCCATCTGTCA 541
R: AATTCTTCCGAAGGTTCA

vgaB F: CGAAATCGTTGGAAACAC 569
R: TTCTAATGCCTCAACAGC
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Figure 1 Colony morphology and cell morphology of strain RST-1. A: The colony morphology of strain
RST-1 on beef paste protein medium. B: Its Gram staining picture. C: Multicellular cells morphology of
strain RST-1 under scanning electron microscope. D: Single cells morphology of strain RST-1 under scanning
electron microscope.
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Table 2 Physiological and biochemical characteristics
of strain RST-1
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I+ + + + 1+
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Figure 2 Growth and lincomycin degradation
curves of RST-1 strain in beef-protein medium.
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541 Pseudomonas monteilii RST-1 strain (OP727561)

96 - Psendomonas monteilii CIP 104883 (NR024910)
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85 Pseudomonas soli F-279208 (NR134794)
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79 Pseudomaonas costantinii CFBP 5705 (NR025164)
IOOE Pseudomonas tolaasii AUCC 33618 (NRI113613)
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Figure 3 Phylogenetic tree of strain RST-1 based on 16S rRNA gene sequence. The GenBank accession No.
of aligned sequences were shown in the parenthesis; Values at branch nodes represent bootstrap value; The
length of branch represents the evolutionary distance and the coefficient is 0.01.
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Figure 4 PCR agarose gel electrophoresis of RST-1 antibiotic resistance genes.
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Figure 5 Secondary mass spectrometry of lincomycin degradation products by strain RST-1. A: Secondary
mass spectrometry of lincomycin and its corresponding molecular structures. B: Secondary mass

spectrometry of demethyllincomycin its corresponding molecular structures. C: Secondary mass spectrometry
of its corresponding molecular structures.

&3 EPK RST-1 RN B RAIER =0
Table 3 Analysis of lincomycin degradation product by strain RST-1

R AL Kt A 1) Vins i — ik TR
Degradation Degradation products Molecular Primary mass Characteristic fragmentation of
mechanism formula spectrometry (m/z)  secondary mass spectrometry (m/z)
Z AL LILIEEES CigH3sN,06S  407.22 126.13, 359.21, 407.22
Demethylation Lincomycin

ZH M &R C17H3;3N,06S - 393.21 112.11, 345.21, 393.21

Demethyl lincomycin
T e £ 7K fife 2-TH - N- PRSI 22 PR CoH;NO, 172.13 126.13, 172.13

Amide bond hydrolysis  2-propyl-N-methylproline
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A 5 T % PR T 5 2K AR B bk RST-1 7
A TR B RS SR BE AR AT B 2R VR B2 3.0 /L 1)
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FEAF 5T A EL 3B i 1) i e 10, TRl
ACKF RST-1 B RRE A RRT 25 3R 9 AILBR A T T
BIE o AL IS FEPTHENLE B 5 91 3E T PCR
K, S8R R X RR] B R I PTELEL, RS
WA - AT, A BT ARORT 5 R 1Y AT e R AR
FEY, MR AR R AR . MRS ARRT B R PR
B 3 FhpLrE AL 5 | P T PCR A, 25 5
KB R RST-1 B intll . sull . sul?2 &5tk
FEIR, R WK A SMHEFIAZORE A R AP 1 A5
BUMELS] o intl] e HE TR SR 2904 itk
SR AR A BT, inel ] (G H R W% T
e FRBE R A7 AR UM 3 RO 3 B 1 A 25 KU <
AR SCE 10 R R AT R AT, S A H
LR AT 5 2T 2- PR - N- P R 4 PR R R a4
R ERE RST-1 BRI B RSB &4 T
Z PR R HOK R AE T . BET, & TARAT
5 2% FY A A0 T e B K A oF I P T R TR
TCAH R IE . MRAT 8 25 B R B S A bR
AT RATR-LH M ER, RIGTE ImbJ
DAL= A 1 H S B A T A bk ] 3 2208,
ImbJ FE R 7= A= 1 FR BE G R il 2 5 T 3, sl A7
1E HAth 7 2= W LB VE B A 598 . Crofts
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@Jr

//‘OH

B-lactamase
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Figure 6 Hypothesized pathway for penicillin degradation
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