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MS1	 results	 of	 S.	 aureus	 extracted	 by	 hot	 ammonium	 isobutyrate	
micro-extrac8on	protocol	[2]	
 
 
 
 
 
 
 
 
 
 
	
MS2	results	of	NRS	100	obtained	by	Q-CID	
	
	
	
	

		
	
	
	
	
	
	
	
	
Fragmenta8on	pathways	of	cardiolipin	(m/z	1352)	
	
	
	
	
	
	
	
	
	
	
	
	

		
 
 
 
 
 
 
 
 
 
m/z		1380	has	(19:0,15:0,17:0,15:0),	m/z	1394	has	(20:0,15:0,17:0,15:0)	
and	m/z	1408	has	(19:0,15:0,19:0,15:0).		Ions	from	E.	faecium	were	not	
abundant	enough	to	have	fragmenta8on.	

Introduction  
 
Our	lab	has	developed	rapid	iden8fica8on	method	of	infec8ous	agents	
to	improve	pa8ent	outcomes,	an8microbial	stewardship,	and	length	of	
hospital	 stay	 [1].	 Gram-posi8ve	 bacteria	 include	 a	 wide	 variety	 of	
important	 commensals	 and	 pathogens.	 These	 bacteria	 normally	
colonize	skin,	genital,	respiratory,	and	oral	mucosal	sites,	and	ac8va8on	
of	 the	 innate	 immune	 response	 by	 bacteria	 results	 in	 acute	
inflamma8on.	 Gram-posi8ve	 bacteria	 are	 characterized	 by	 a	 single	
glycerophospholipid	membrane	enclosed	by	a	 thick	pep8doglycan	cell	
wall.	 Lipoteichoic	 acid	 (LTA),	 is	 a	 dominant	 cell	 wall	 component.	
Cardiolipin	is	also	found	in	the	membranes	of	most	bacteria,	and	is	also	
an	 important	 component	 of	 the	 inner	 mitochondrial	 membrane	 in	
eukaryotes.	 Here,	 we	 have	 thoroughly	 inves8gated	 structural	
deriva8on	of	Gram-posi8ve	bacterial	membrane	extracts	using	tandem	
MS.		
	
Gram-posi8ve	 bacteria	 were	 grown	 in	 lysogenic	 broth	 at	 37°C	
overnight.	 The	 rapid,	 hot	 ammonium	 isobutyrate	 micro-extrac8on	
protocol	 [2]	 and	 Bligh-Dyer	 extrac8on	 method	 [3]	 were	 used	 for	
Enterococcus	faecium	and	Staphylococcus	aureus,	respec8vely.	Prior	to	
mass	 spectrometric	 analysis,	 the	 extracted	 samples	were	 dissolved	 in	
CHCl3/CH3OH	 (2:1	 v/v)	 solu8on.	 MALDI	 experiments	 were	 performed	
on	a	Bruker	Solarix	XR	7T	FT-ICR	mass	spectrometer.	Bacterial	extracts	
were	 analyzed	 in	 nega8ve	 ion	 mode	 using	 the	 matrix	 norharmane.	
Quadrupole	CID	was	used	for	tandem	measurements.	ESI	experiments	
were	 performed	 on	 a	 Waters	 Synapt	 G2	 Q-TOF	 mass	 spectrometer.	
Bacterial	 extracts	 were	 infused	 at	 3uL/min	 and	 sensi8vity	 mode	 was	
used	in	the	nega8ve	ion	mode.	Tandem	MS	was	carried	out	using	trap	
CID.	
	
	
	
	
	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       
 
 

       
	
Membranes	 of	 (A)	 Gram-nega8ve	 bacteria	 and	 (B)	 Gram-posi8ve	
bacteria.	[4]   
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Conclusions 
  

•  Hot	 ammonium	 isobutyrate	 extrac8on	 protocol	 extracted	 mostly	
cardiolipin	ions.		

•  Bligh-Dyer	 extrac8on	 methods	 extracted	 phospha8dyl	 glycerol	
which	is	the	major	component	of	membrane.	

•  E.	faecium	has	unsaturated	lipid	which	S.	aureus	has	saturated	lipid	
•  Methicillin-resistant	 Staphylococcus	 aureus	 (MRSA,	 NRS100)	 and	

methicillin-	 sensi8ve	 Staphylococcus	 aureus	 (MSSA,	 EN4220)	 gave	
similar	results.	

•  MALDI-Q-CID	analysis	is	comparable	to	that	of	ESI-Q-CID.	
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MS1	 results	 of	 S.	 aureus	 and	 E.	 Faecium	 extracted	 by	 Bligh-Dyer	
protocol	[3]	

 
 
 
 
 
 
 
 
 
 
 
 
	
MS2	results	of	S.	aureus	NRS	100	obtained	by	Q-CID	
 
 
 
 
 
 
 
 
 
 
 
 
                      
Fragmenta8on	of	phospha8dylglycerol	and	lysyl-phospha8dylglycerol	
 
 
 
 
 
 
 
MS2	results	of	E.	faecium	obtained	by	35eV	Q-CID	

 
	

ESI-Q-TOF 

1323.99556

1338.02901

1352.04197
1-

1366.05850

1380.05349
1-

1394.06576
1-

1408.10715
1-

1423.93165
1- 1451.91926

1-

Sa_NRS1_0_L14_000002.d:	-MS

1323.96061
1-

1352.00176
1-

1366.01917

1380.02428
1-

1394.03698
1-

1408.06776
1-

1423.87878
1- 1451.88699

1-

Sa_NRS100_0_L17_000001.d:	-MS

1323.96490

1352.00248
1-

1366.01868

1380.02284
1-

1394.03213
1-

1408.06077
1-

1422.08780 1451.88105
1-

1465.91693

Sa_NRS385_0_L15_000001.d:	-MS

1323.96103
1-

1337.98677

1352.00181
1-

1366.01960
1380.02453

1394.03620
1-

1408.06663
1-

1423.87575
1-

1451.88490
1-

Sa_NRS484_0_L16_000001.d:	-MS

0

1

2

3

4

8x10
Intens.

0

1

2

3

4

5

6
8x10

0.00

0.25

0.50

0.75

1.00

1.25

8x10

0

1

2

3

8x10

1300 1320 1340 1360 1380 1400 1420 1440 1460 m/z

NRS1	

NRS385	

NRS100	

NRS484	

241.22535
1-

377.21573
1-

571.16883
619.43698

1-

755.42776 1324.93287

Sa_NRS100_MS2of1324_CID45_0_L17_000001.d:	-MS2(qCID	1323.92876)

269.25617
1-

405.24660
1-

647.46790
1-

783.45891
1- 1351.96087

1-

Sa_NRS100_MS2of1352_CID45_0_L17_000003.d:	-MS2(qCID	1351.96087)

241.22535
1- 405.24667

1- 661.48344
1-

821.41383

1365.97650
1-Sa_NRS100_MS2of1366_CID40_0_L17_000001.d:	-MS2(qCID	1365.97650)

269.25616
1- 405.24656

1-

530.39193

647.46798
1-

783.45925 883.96601

1379.99211
1-Sa_NRS100_MS2of1380_CID40_0_L17_000001.d:	-MS2(qCID	1379.99211)

269.25619
405.24663

1-

447.29285
571.16865

689.51456
1-

821.41416
1-

1389.91591
1-Sa_NRS100_MS2of1394_CID40_0_L17_000002.d:	-MS2(qCID	1389.91591)

297.28712 377.21579

433.27752
1-

571.16879

675.49886
1-

853.31710

1408.02365
1-Sa_NRS100_MS2of1408_CID40_0_L17_000001.d:	-MS2(qCID	1408.02365)

0

1

2

3

7x10
Intens.

0.0

0.5

1.0

1.5

8x10

0.0

0.5

1.0

1.5

2.0

7x10

0.0

0.5

1.0

1.5

7x10

0

1

2

7x10

0

1

2

3

7x10

200 400 600 800 1000 1200 1400 m/z

m/z	1324	

m/z	1352	

m/z	1366	

m/z	1380	

m/z	1394	

m/z	1408	

NRS100	

NRS484	

m/z	1408	

m/z	1394	

m/z	1380	

m/z	1352	

m/z	1296	

						 		
				
		

PG(15:0,15:0)	

PG(15:0,16:0)	

PG(15:0,17:0)	

PG(15:0,18:0)	

PG(15:0,19:0)	

PG(15:0,20:0)	

S.	aureus	
EN4220	

S.	aureus	
NRS100	

E.	faecium	
T23567	

Lysyl-PG(15:0,17:0)	

Lysyl-PG(15:0,18:0)	

Lysyl-PG(15:0,19:0)	

35eV CID 

40eV CID 

15:0	

17:0	

241	

269	

497	

469	

241	

269	

497	

469	

721	

145	

15:0	

17:0	

cv	PG(16:1,19:0)	&	PG(16:0,	19:1)	

PG(14:1,19:0)	&	PG(14:0,	19:1)	

PG(14:1,18:0)	&	PG(14:0,	18:1)	
PG(16:1,16:0)	

PG(14:1,17:0)	&	PG(14:0,	17:1)	


