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Abstract In order to reveal nucleoside antibiotics JX produced by a strain of Micromonospora carbonaceous JX-1, which have
broad spectrum of antimicrobial activity, had effect on peptidoglycan synthesis of Kocuria rhizophila, this research used ultrasound
and weighing method to observe the change of content of cell wall in K. rhizophila under the effect of antibiotics. We used isobaric
tags for relative and absolute quantization (iTRAQ) to analyze the proteomics of K. rhizophila before or after the treatment of
antibiotics. Result showed that the cell division of K. rhizophila was inhibited, and the content of cell wall of K. rhizophila was
increased under the influence of antibiotics JX. Based on iTRAQ, 1780 proteins were identified in the cell of K. rhizophila under the
stress of antibiotics. Among them, 149 were differential expression protein, including 106 proteins up-regulated and 43 proteins
down-regulated. The up-regulated proteins contained the enzyme Murg which involved in the biosynthesis of peptidoglycan. This
research provided the basic data about antimicrobial mechanisms of the antibiotics JX from M. carbonacea JXNU-1.

Keywords Micromonospora carbonacea, Kocuria rhizophila, Peptidoglycan, Quantitative proteomic, Isobaric tags for relative
and absolute quantitation

MARER
Weks HEA: 2016 4204 A 22 H R FE/IN BLFE 1 (Micromonospora  carbonacea),
B HM: 2016 4£ 05 H 25 H 54322 FJ@ T /N7 & (Buchanan and Gibbons,

REHM: 2016 4505 /] 28 H e I B TR 5 A ) Ve G A
WA AR 5 AR S H (31160020, 1984 BRIURIL RFR/NRAR AR IR AR

31360018) AT T4 1 AR 2 4 1 (20132BAB204007) S AR BT HUMVRT K G e i 9 55 2 Pl ALV 1
[ %3 ) (Sanders and Sanders, 1974; 1414, 2007), [Kifisz
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BIE WA BT 12 R

AL AR AT SR — R R AT g
MR R BE /N LA T IXNU-1(M. carbonacea
IXNU-1), HABEF=4nt 522 G RH PR 40 R 5 A 22 IR
I B 3 B IR s I L B e M () L4E, 2008a;
WAL, 2011; $AREAFSE, 2013). [FIRS, WF9C 7 AE
NERAITE IXNU-1 KB AR R T2, B4R T i%
PR T 7= B AR 3R ) 2 B FAE P R (R R 4
2006) i 57 T MZHE K o B aidb i AE =T
5 UIUEREVIE e A — B R PUE R
HLEE, 2008b) (AHF 70K HE A APIAER IX), 5
SCHRARE R R /N A BV M = ) B R AN, (HE
PUENEAIAIE 2 .

& H3 2% 77 B (Kocuria rhizophila), Ji 4% B 51
BRI (ATCCO341), /2 2 [ S 56 1) % ¥R 1 2 —
(Tang and Gillevet, 2003). A 7t LAFiAE 2 IX At
FXTG, VARG w RN, WH7ididE® IX
X AR 2 o TR K SR M & i sz, [ B 3 [RLAE
R BRI AR N2 %} 52 & (Isobaric tags for relative and
absolute quantitation, iTRAQ)H A 544 A (it
FIER B 5 3% (Nano liquid  chromatography-tandem
mass spectrometry, Nano LC-MS/MS)$5 A i i
i 126 5 IR S WE & A G 1) 22 R RIA B E, R S
I 2968 F-PCR HEATRHIE, AR PLA R IX L
PR LER PR A SOOI, XA /N BT T pi AR 2K IR A
REAEE L.

1R 59
L1 PR IX/ER TS RE MRS

SR AT TR R 2 2 DM B0 BT 24 P TR S P R/
—ANMEbR, WE AR R I E B 25 s AT
PRIV BE ) — i W70 ANAIE 9T 1 deis FaE — 0%
FREE AT TPUAE R IX RIRAR 2 o IR 1) AR eI
B < B (Minimum inhibition concentration,MIC) A
3.64 ug/mL. SRJ575%¢ | WG v IR B 7E S (I BTk
FERIPTA R IX MEH FIAREES, fEhidh R IX 1
FTR, AR o IQ B R 4E AR B 2 485K (B 1)

1.2 BUAER IX MFERE T R4 R & E R m
SEBG BT T REAR S e IR 4 AIFE 0. 1/2MIC,
4/5MIC A1 MIC It IX VBRI T 4 ke & 848
b, KIAE—ERPFER IX IRETEREN, BR%T
IR ANBREE RS BREPTAE 2 IX MR AR 230
TR, PR IXIREEE] MIC |, FEIR% W
PG B 40 2 B G R 2 4B BE RS 0 T 76.59%(1&] 2) .
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Figure 1 Effect of the antibiotics JX from M. carbonacea
JXNU-1 on morphology of K. rhizophila (>5 000)

100
80 1
60 1
40 A
20 4
0 4

Increase percentage (%)

K (%)

02 04 06 08 1.0
PR (MIC)

Concentration of antibiotics (MIC)

0.0

P 2 0k 3 IX R B AR 2% o DT 4 i B 5 1 5
Figure 2 Effect of the antibiotics on cell wall synthesis of K.
rhizophila
13 EBEERRRRE % E

AW FAEFH ITRAQ HAZEAT & LA X E &
JIT A J i A 2% & Triple TOF 5600, 7E Ak S26 h 3t
7531 327 366 FKik[E, R Mascot B AT 704t
ULECE] 77 809 5Kk, Hrp 70 346 5K/2 Unique i
K, %EFEATT 17804, 13 420 MkE, H
W& 12 178 4> Unique AkEX

14 ZRFEEENIFIL

A ITRAQ FAK & AT AR & i, 43t
—HEARMFEEZEREHORT 1.2 5. FRRER
5:(p<0.05), 52 SIZER F AN R L A 1) 22 S 2R
ST S Vi p = e Ay E A CI T e A
WA ZEAFREEZLT 1. AW Bk % e 5
1)1 780 AR M ZE AL LA 2 NJREC L, SRS
i AR (B 3), & T RS 0 Ay RIA & i
P, ETRASR O Ml RIS & N E .
W 72 SRR B IR 25 A N AE 2 IREE S p 22 /b
A 1 IREEEZERERE]2 8i#<0.833) M4t
23 1 (p<0.05), H HAEFI R EE fhRIEEHIR
F—8, "RaERREEDRL 149 1~(P<0.05),
Horp, Rk LR F 106 (A5 E>1.20, P<0.05),
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Tk T IHEA 43 N5 %<0.833, P<0.05).
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Figure 3 Distribution of protein abundance in K. rhizophila

1.5 ZREEEAR GO THRE B EH £

ZE R FRIKE AN GO Lhfe i & i dh
ZRFIREA S EY)E TR E M G TEmIE
B 149 M EREAYT, 9NEEEEENRA
f4(Cellular component), 66 4~ & &4 A5 T3
fit(Molecular function), 47 /N30 s % NEY
i&1%(Biological process) (% 1). R4 GO ThAE W&
PEE R AT, R A5 4 B 20 B R SR
ARSI E A MurG (Accession: gi|752628268
[ref[WP_041297629.1)), H FiFfEECN 1.224.

1.6 ZREEEHBK RT-PCR K

1% 16S rRNA AN SR, KH RT-PCR #
ARAHTT B IX AR R b [ B 40 i BE ik
FHES A MurG FH mRNA FRiE/K . 75T
AR IXAEATT, BERE IR MurG 1) mRNA A
xR IEE N 1656, KT 1.

2 i

o RPUAE R A AR, 7T LS A
B WA S BRI B AR
MRS, Hp TR R SHERN
T A% 2R IE S S 4 i BE 2 0 L R AR A AR
MRS TG, B a2, Mg
B RPUAE R T BB A BT Re s e A% R
f] 4 % (Sino, 1988; Rachakonda and Cartee, 2004;
Winn et al., 2010; Isono, 1991). ZASHF7EHE 7T R AL
INELFITR IXNU-1 Fr=din e 25 IX @18 i —
BHERUAER, WPUAER IX AEH FHERE K
WA AR E (B 1), iz IX ] TR 5
A3, SRR, sei kM, PR IX
1B FH R BIRE AR 25 o [C B 40 B i 4 B 2 e T v, 2
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ZULIX e —MER I — PRI R I .

iITRAQ Hi AR 5L G X m i Lk AH LE, BAT 43
HERE . BRI A, BT LS e R A
wEMA, HHETFRNEREZIA 8 MM . AFFE
A ITRAQ A AL Z Wi FrgAR % b [ 1R 1) B
FIR BRI 400, IR 5 42 A P4 7 R /N B
U IXNU-1 =i 8 28514 R IX XTREARE 7 IR
ARG G . EDUAER IX AERE, FERE
v IR 149 MR H kA 22 3Rk, Horb 106
ANk i, 43 AFRIETNIHEA. £ LEEAT R
P — AN 048 T 4 A BE K SRR S A DR R
MurG(Accession:gi|752628268|ref(\WP_041297629.1),
HEFEMGECN 1.224, X—45 0B sem %ot e &
PCR 43 2| EJiIE

S B 20 B R IR, B RS O A
B % 32 MR R 4 (Koch, 2003), A2 1R £ 254
IHERR . IREERE A A Ot R, AR FLAE 41 B
ITHREIX AN, ] 49 = ANFi BX (Silver, 2006),
F A BAE M T, & UDP-NAMA- T
Jiks 28 i Be AR i B kAT, 55 NAG 5 NAMA-
TR 25 G T RN SN B A DL R R IR R R AR 5
= B AR A MR b dE AT O SRR e e O TR 0%
g R A AR (UK T IR B, 2008) . AT 7R H
iITRAQ FIARHTIRAT—>S 5 21 M BE K ZR M & A
MZERRIEEA MUrG, iZE A SN FIHEA.
TERFE/NRATE IXNU-1 AT 25PiAE R IX 1
T, 240 B BE KSR A B DG HE R murG K& Rk,
MR TS R R &, A REE S 2R
FAME SCERIRIE, MurG S35, X4
JE A A 520 (Tamimount et al., 2007; Gupta et al.,
2015). {HA R FE/N AL IXNU-1 BT =i H 2590
AR IX WAl e MurG ik, JA EAEFH B9 T
HUHIIEANTE 2E

SMEEPLE, AR, RFE/NATE IXNU-1
FEPUAREE X a0 AR 5 B U R A4 e 23 2R 7 7
HIHEE A, [FIE, B w IR AEDUAE R IX
(VE T 38 I A g A B (1) 5 B DABHL RS AE 3R OX
HENHRL, IABIRIE SARAER . 4R, X—
WG REEEAEEME, LR IR
IX FIVE R Il fg ik MurG 2k, ki e k4m it
IKEERE & A f5 T — 2ot
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* 1 EREAM GO hRe L F I £
Table 1 Significant enrichment analysis of Go function of differential proteins

GO % H V&
Gene Ontology term Frequency
4 H 25 1%, I P T HE I 3
Cellular component Cytosol
41 if0 Bt 2
Cell wall
AR e A 2
External encapsulating structure
R 3 2
Cytosolic part
sl NAD" £ (735 K fidD 2
Molecular function NAD* synthase (glutamine-hydrolyzing) activity
3R TR AR 2
3-hydroxyisobutyrate dehydrogenase activity
NAD* A 2
NAD" synthase activity
MR AL 2
Sarcosine oxidase activity
ARG, 1EH Tk CH-NH, SAE N2 & 2
Oxidoreductase activity, acting on the CH-NH group of donors, oxygen as
acceptor
AL S5 il 26
Oxidoreductase activity
22 F R KT 4
Serine-type peptidase activity
w K IR 4
Serine hydrolase activity
HRRES —RERA S 5
Flavin adenine dinucleotide binding
225 R I BE DI 3
Serine-type endopeptidase activity
3-FIL-2- UM T MR LM (2- PR L T AR #6 7%) 2
3-methyl-2-oxobutanoate dehydrogenase (2-methylpropanoyl-transferring)
activity
TEIL4e e A it SR 2
Acyl-CoA dehydrogenase activity
TR R T 2 0 R I L Bl (I PR ) 2
Phosphogluconate dehydrogenase (decarboxylating) activity
FALIE 5 B, 15 A Ttk CH-CH 5
Oxidoreductase activity, acting on the CH-CH group of donors
U T IS 3
Anion transmembrane transporter activity
AR SCRER LR ACHI AR 4
Biological process Branched-chain amino acid metabolic process
JHIE A% TR A BE AR 4
Nicotinamide nucleotide metabolic process
AT R HEFE 25
Oxidation-reduction process
LIRS AR AR HEAR 4
Oxidoreduction coenzyme metabolic process
MEIE R B A AR 4
Pyridine nucleotide metabolic process
B MERE AL A AR 4
Pyridine-containing compound metabolic process
SR PR R 2

Valine metabolic process
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3 PRI
3.1 Wk

RFE/N A B IXNU-1(M. carbonacea JXNU-1)
FHYLPE e K22 A 22 2 B e it AR % v QA
(K. rhizophila) H VT 78 iy K 5 A dn B 22 22 B 2 4k

3.2 B EM EE K H

NB A7 15 7% 5 B BN 3 P05 A PR
A, w1 SRR % 2 WOCER(ZEHESE, 2013),
Toh 4% 7% Jk R R e 1 7R R o) 46 2 L OSCR (2 HE 4
2013). iTRAQ8 #rididf| &5 Triethylammonium
bicarbonate buffer (TEAB)IYH ABI A F]; R HEE
(Trypsin) H sigma A 7]; 2-D Quant Kit 4 H GE
Healthcare A & .

3.3 REE/NEHE PR FR SITAE R BB H &

Z W SCHRCEH )L, 2008b) i 7 T Bk
T 4 000 r/min B50» 20 min, E00iE, FiGHHE
IR, HEMEDIERE, IMAWGERTTL
IKBE, 1E 4°CUKFEVITE 4 h, SRJ5 4 000 r/min 250>
15 min, L3 pH AR 7.0, A2 AR 218
K INASTR AR R R TR R AR AR, R B2 117.5
ug/mL, HEFFLAUS IR IERREE, FEIRuEd uE kR
B TER R, A CORFEIRAT 4 .

3.4 AR IR S 5L R K H 41 B & R 2

D5 oA 2R IXSK 4 B A PR e 5 i R B2 i (5245
5, 2010): BChl & A FEREEBUAE 2 IX [ NB KRkt
50 mL, FEANFERTE T G R, (EE RS I
B2k EE R 105 cfu/mL, 200 r/min. 37 CHR%E:
7% 12 h, BHMEIAER X EH FIEHRE K
BATEA, KRR 4 000 r/min B> 20 min, {33
i, BV EE R EE KA PR 4RI T, FREX
FHIF R E AR R, FEmE F AR FAFR 72518
K, EEJF, B EE(EEX 5 s, TIE 35,35 20 min),
4000 r/min E5.C» 20 min, Y4E G, 10 000 >g &
L 20 min, fElE 3G, WCERDTIE RPAHBERY fr, EE
WP RAE A N A R S R A, R E
H=W, BOLEME.

3.5 PrAERNBIRE L REE B R RE N
3.5.1 FEA bR

Be il S AN FIIR LA R IX 1 NB A5 973
50 mL, @AIIHLAZR IX 1 NB R85 7758 ot B
H, N T R B, RS R
B B2 9 105 cfu/mL, 200 r/min. 37 <C }%3%

Copyright © 2016 BioPublisher

12 h, K575 E T 4 000 r/min 5.0 20 min, 3 F
15, PBS Rk 3K, AR AFES .

3.5.2 EHE R HIHRRE

B AR B 2255, 2015): 43 AIFREUH ]
JREMBEARES, )5 EARERER, <50
AIMANZEAE S 2 mm [ EDTA, 1 mm ] PMSF,
5min 5, 1 DTT LKAy 10 mm, A 15
min J&, 25000 g &0 20 min, B_EEWR, RE
s RS KRR, T-20CH#E 2 h, FHH
16 000 g 5.0 20 min, 545 By, ERDLE, W
In— & & A RMRE R, 257 IR E
N2 mm f#) EDTA, 1 mm ) PMSF, 5 minJ&, JI
DTT 2R Z AN 10 mm, # 75 B % 15 min J&, 25 000
g FE0 20 min, B ERIEW, W0 DTT BLREN
10 mm, 56°CAbEE 1 h, &5 sk, RE A IAM
BYRFE N 55 mm, FEEFEE 45 min, HNi& & A
PR, -20°CYTVE 2 h, 25000 >g 0> 20 min,
{835 _E3EW, MM\ 200 pl 0.5 M TEAB, B ViR
15 min, 25 000 >y 250> 20 min, H( LiE, -80°C1#
17 % F . Bradford 5 & F 12% SDS-PAGE #&: il =
HERIUTR &

353MEMERT RENERERHSZN T
HEBUTRAQ ARIL (5 R 4%, 2015): AX 100 pg
BEHFFES, IMAEEREOR(ES: B=20:1),
S7TCHKAF NEHAE 4 h, W0 LLE i — )R
FIlg, 37°C4AFTEEE 8 h, FIHEAEELEMT
kB, H 05 M TEAB FLXIEMIKE, )56
iTRAQ Fric, ANFAKEBHAFRR iTRAQ Frisk
PRid, EERZMNETE 2 h, fEFRC SRR
BORA], it SCX 58 B AH 73 85, % J5 17547 Nano
LC-MS/MS 73-#f. Fii4i#i 4 Data Analysis 4.0 %
1 BB kR 2] mgf ScF, FIH Mascot2.3.02
BAEHEZ B K. rhizophila-NCBI (6 362 sequen-
ces)# AT H R % E, MBULREL 245 H]7E 0.05 Da
PAR. #RJ5, FIFH iTRAQ & &R ratio {8 (FiE &k
HH 5 X A R I8 LU R DY ratio {H-F3I(H)
FIRFEAR IO P E, EHERRIEEA, Hif
ZREAMIREMN: 2 RETHEDH 1IKE
i R = (1.2 B <0.833) gt B
(p<0.05), FF HAEF R P EE P REBHREF—E
o, FIF Blast2GO F2F7 % 43 #1153 1 & 11 4 it
1T GOGEKAKR). COG(H R [AEH%). KEGG(R
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AR S LD R0 )iERE, BRI A MRS
H

L o

3.6 ZERRIEEHA RT-PCR 74T

I EIRTIEWCER AR, SR R AR
(AE 5 R 7 HI 41 s RNA $2EURA 7 £ (DP430)
FEHUS RNA. BL 2 ug & RNA HEAT e b, i
SRS TaKaRa XUEE & sk 6 i B
RT-PCR A2 JE SCHR (38 F 7% 55, 2015): b€ &
PN 255 8 16S rRNA, FilFH Primer 5.0 #
ElER 2)s RMNAARA 20 pub: PowerUpTM
SYBR Green Master Mix (2) 10 uL, b FiE51 9%
1.2 uL, cDNA 40 ng, /G INKE/KE 20 pL,
W3 ANEERE: S EERIRA StepOneTM
and StepOnePlusTM %% € & PCR {X(ABI, USA)
BT, RBZAFEAN: 95°CHIAEYE 2 min, 95°CARTE
15 s, 60°CiB-k 30 s, F£ 40 MEIF; Flf h 22
ENM 60°CH| 95°C, wEREIE KM AACt Jiikit
HAAH, MAXERMNERN 2—aaCt. HERL
R 2—AaCt>1 1, BIFRAE A mRNA 1) L%
B, YEBEEHR 2—aaCt<l B, BIERRNEH
mRNA [ NG HEEL R 2—aAaCt=1 I,
BN &7~ N mRNA Rik & LAk

* 2 SEOtEE PCR 5741
Table 2 Sequences of gRT-PCR primers

R LS —3) THEEIMI(5—3)

Primer Forward Reverse primers(5'—3’)
name primers(5'—3")
16SrRNA CCTTCGCCATCGGT CGGTTTGTCGCGTCT
GTTCCT GCTGT
MurG AGGTCGCTGCCGTG GGGGTGAACTGGGC
GGACTG GTCGGT
3.7 STk

PUA 25 10 B ARG BT R B R FH R A W R
W, HART77% 0225 3k (Sanders and  Sanders,
1974; {245, 2015); ZHER A0 MEE & &R i ik
W, BARTTE NS SCER(E A4, 2010); 8 E R
FEKH Bradford v5ME, B KDL S SCik
(Bradford, 1976).

WAL

ARG R A 7L S8 TAR I BAR AT N, S8R
P AR IR B A BIs 2 MZ= R4 51300k
A SRR, FRE NI L ERE; Kt

Copyright © 2016 BioPublisher

JLRTH K B ks, Resesst, 8
G SN AR b B R R A R SOR .

4]

AHI 7T B E KX 3 2R R 4 0 H (31160029;
31360018) FIVL PG4 H S8 Bl 7 £ 5 1 H (20132BAB-
204007)3: [F] % Bl

ZE IR

Bradford M.M., 1976, A rapid and sensitive method for the
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of protein-dye binding, Analytical Biochemistry, 72:
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Buchanan R.E., and Gibbons N.E., eds.,
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