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the inhibitor of the ClpAP-mediated protein degradation for other proteins. Here, we constructed the clpS-overexpression
Mycobacterium smegmatis strain, and showed for the first time that overexpression of ClpS increased the resistance of M.
smegmatis to rifampicin that is one of most widely used antibiotic drugs in treatment of tuberculosis. Using quantitative
proteomic technology, we systematically analyzed effects of ClpS overexpression on changes in M. smegmatis proteome,
and proposed that the increased rifampicin resistance was caused by ClpS-regulated drug sedimentation and drug
metabolism. Our results indicate that the changes in degradation related proteins enhanced drug resistance and quantitative
proteomic analysis is an important tool for understanding molecular mechanisms responsible for bacteria drug resistance.

Keywords: protein degradation system CIpAPS, ClpS, rifampicin, quantitative proteomics
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Fig. 1

Confirmation of ClpS overexpression and knock-out in M. smegmatis. (A) Changes in ion intensity of a

doubly charged tryptic peptide LHAAGLATMQQDR of ClpS from the clpS-overexpression strain; the inserted figure
represents the RT-PCR result of wild-type strain (lane 2), clpS-overexpression strain (lane 3) and clpS knock-out
strain (lane 4). (B) The MS/MS spectrum of the doubly changed tryptic peptide LHAAGLATMQQDR.
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Fig. 2 Growth rates measured for the wild-type strain
(WT, square), clpS-overexpression strain (4910up,
circle) and clpS knock-out strain (4910down, triangle)
growing in the culture medium treated with (solid) or

BAE s R, P4 T A ASTE R AR without (hollow) 10 mg/L rifampicin (R).
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Fig. 3 Schematic of the quantitation method with TMT Isobaric Mass Tagging. (A) Experimental procedure. (B)
Structure of the TMT reagent, which has three parts: the amine-reactive group to modify a-amino groups of
N-terminus and the g-amino groups of lysine residue in tryptic peptides, the mass reporter group that is used in the
MS/MS spectrum for quantitation, the spacer arm that balances the mass of reporter group by incorporation of stable
isotopic atoms. (C) Structures of isobaric reagents: TMT>-126 and TMT?-127, * indicates the position of *C atom.
Peptides with the same sequence generated from two samples have the identical molecular weight after TMT-labeling,
but they generate two reporter ions in MS/MS spectra. The intensity ratios of the reporter ions represent the relative

protein rations from two samples.
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Fig. 4 MS/MS of a TMT-labeled tryptic peptide ILLLDGLPNYQR of bacterioferritin. Samples from the WT strain
were labeled with TMT?-126, while those from clpS-overexpression strain were labeled with TMT?-127.
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Fig. 5

Functional classification of differentially expressed proteins between clpS-overexpression strain and

wild-type strain. (A) 199 up-regulated proteins. (B) 117 down-regulated proteins.
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Fig. 6 Quantitation of selected up-regulated proteins: clpS-overexpression strain (grey) and wild-type strain (white).
(A) DNA binding proteins and transcriptional regulators. (B) Chaperone proteins and oxidation-reduction related
enzymes. (C) Bacterioferritin and acetyltransferases. (D) Acetyl-CoA synthesis and lipid metabolism related
enzymes.
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Fig. 9 A scheme of proposed mechanisms of drug resistance in rifampicin-treated M. smegmatis.
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