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Detection of bacterial culture broth based on high-field asymmetric ion mobility spectrometry
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Abstract: Objective To detect and identify common wound-infecting bacterial species using high-field asymmetric ion mobili-
ty spectrometry (FAIMS). Methods Under optimal experimental conditions, escherichia coli (ECO), staphylococcus aureus
(SAU), pseudomonas aeruginosa(PAE) cultured in thioglycolate(TH) broth and bare TH broth were tested by FAIMS analyzer,

and their ion mobility spectra were obtained. The spectra shape was analyzed and the peaks were extracted. The characteristic

ion peaks of the three kinds of bacteria in TH broth were determined by comparative analysis. Resulsts Both ECO and
SAU showed stable characteristic ion peaks that differentiate them from the other three samples. The characteristic peaks can
be defined by dispersion field, compensation voltage and ion current. PAE showed two characteristic ion peaks, with an unsta-
ble one and the other which was stable enough for the identification of the bacterium. Conclusion FAIMS can differenti-
ate ECO, SAU and PAE cultured in TH broth, which are the three most common kinds of bacteria found in infected wound,
suggesting a new method for the rapid identification of wound-infecting bacteria.

Keywords: high- field asymmetric ion mobility spectrometry; bacterium detection; characteristic ion peak; escherichia coli;

staphylococcus aureus; pseudomonas aeruginosa
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Fig.2 Schematic diagram of high—field asymmetric ion
mobility spectrometry (FAIMS)
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Tab.1 Parameter ranges of the right characteristic peaks of the

three bacteria

Parameter DF/% CV/V ION (A.U))
ECO 50.0-62.5 -0.67-1.28 0.390-0.025
SAU 40.0-75.0 -0.18-0.74 1.360-0.066
PAE 50.0-80.0 -0.11-0.08 0.480-0.120
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Tab.2 Parameter values of the left ion peaks of ECO and PAE

Parameter DF/% CV/V ION (A.U.)
ECO 52.5 -1.681 0.066
55.0 -1.821 0.034
PAE 47.5 -1.328 0.185
50.0 -1.633 0.090
52.5 -1.891 0.049
3R 4

AR T FAIMS $R T2 b 5 B A
¥, ) Owlstone 2 7] #Y Lonestar {F & FAIMS 73 #t1
X ECO .SAU \PAE {1 TH R 735 77 1 S 4 TH A 1%
R IR APPRE S AT R, 15 B E A0 B P .
X 4 B 0 B IR R UEA T L A AT B EBURRAE
132N A BBl 38 1 43 i 2 ECO 5 SAU [RFIE

B, X T PAEASE] T AP T g, Hoh Ay
B AR B 2 0 RS B, PR S
TG4 5 Hofth 3 FPRE i R— 25, 7T LAIAE A PAE R
WESEATAN TR R ] . AL S5 5 N FAIMS # R
A5 11 2401 PR R 4 P PR A I B AR T — i 1) S R A R
FEMIZ A AAE A0 A I 45U AT VA B T AT 5 &

(5% 0ik]

[1] BURYAKOV I A, KRYLOV E V, NAZAROV E G, et al. A new
method of separation of multi-atomic ions by mobility at atmosph-
eric pressure using a high-frequency amplitude-asymmetric strong
electric field[J]. Int J Mass Spectrom Ion Processes, 1993, 128(3):
143-148.

[2] ZHANG J, LI L F, GUO D P, et al. Determination of hazardous
chemicals by Microchip-based field asymmetric waveform ion mo-
bility spectrometric technology [J]. Chinese Journal of Analytical
Chemistry, 2013, 41(7): 986-992.

[3] CUMERAS R, GRACIA I, FIGUERAS E, et al. Finite- element
analysis of a miniaturized ion mobility spectrometer for security
applications[ J]. Sens Actuators B, 2012, 170(31): 13-20.

[4] GABRYELSKI W, FROESE L K. Rapid and sensitive differentiation
of anomers, linkage, and position isomers of disaccharides using
high-field asymmetric waveform ion mobility spectrometry (FAIMS)
[J].J Am Soc Mass Spectrom, 2003, 14(3): 265-277.

[5] TAYLOR G N, MATHERLY R. Use of portable analytical methods
to determine the stoichiometry of reaction for hexahydrotriazine-
based hydrogen sulfide scavenger operations [J]. Anal Chem,
2014, 86(10): 4879-4882.

(6] Zm, #hmik, 3LIESL, . REAFL A MM 09 & 5 R xR KT
BF AT, Rk 5 RE ST, 2011, 31(1): 12-15.
LIZ, LIN B T, KONG DY, et al. FAIMS of trace volatile organic
compounds [J]. Spectroscopy and Spectral Analysis, 2011, 31(1):
12-15.

[7] ZHUANG L I, LIN B T, CHEN C L, et al. Volatile phenolic
compounds detection by 2D scanning high-field asymmetric wave-
form ion mobility spectrometry [J]. Chinese Journal of Analytical
Chemistry, 2011, 39(1): 107-110.

(8] MNF, FR4%, 34 5 MW EsRul s T 55 Kbk

AR = AR RE[T]. & A AL S F R, 2013, 34(11): 2499-
2504.
TAOYY, LILF, LI X, et al. Rapid determination of diethanolamine
by field asymmetric ion mobility spectrometry (FAIMS) technique
[J]. Chemical Journal of Chinese Universities, 2013, 34(11): 2499-
2504.

(9] &8, Sk id, RBE, . AMEHR-SHETHAB T EHE

(GC-FAIMS) i 5 A T & i 6 e BT 52 [V ], R s 4 2 R S
52,2014, 5(6): 1687-1694.
LI J, GUO Y J, ZHAO W I, et al. Study on liquor flavor by gas
chromatography- field asymmetric ion mobility spectrometry me-
thod [J]. Journal of Food Safety and Quality, 2014, 5(6): 1687-
1694.

[10] 23, &, 204, . SR A G H RS T EBEH A
WARF R B AP R0 AR [T]. AT 5258, 2013, 32(7): 26-28.
WANG Q, YU W J, WANG X Z, et al. Identification of different



31

R &, 2. T R AR PR B TR RSB 1240 B8 B SRR

-301 -

perfumes based on microchip-based FAIMS technique[J]. Chinese
Journal of Analysis Laboratory, 2013, 32(7): 26-28.

[11] A g, B8, RAF . 35 38 3048 B F 24538 (FAIMS) # AR B
& A “P‘z‘%ﬁ“f’:—?-u{: [T, B &, 2014, 34(9): 1611-
1616.

WANG X Z, L1J, ZHAO W J. Rapid detection of sulfur dioxide in
Chinese herbal medicine by FAIMS [J]. Chinese Journal of
Pharmaceutical Analysis, 2014, 34(9): 1611-1616.

[12] ARASARADNAM R P, OUARET N, THOMAS M G, et al. A
novel tool for non invasive diagnosis and tracking of patients with
inflammatory bowel disease (IBD)[J]. Inflamm Bowel Dis, 2013,
19(5): 999-1003.

[13] COVINGTON J A, WEDLAKE L, ANDREYEV J, et al. The
detection of patients at risk of gastrointestinal toxicity during

pelvic radiotherapy by electronic nose and FAIMS: a pilot study

[J]. Sensors, 2012, 12(10): 13002-13018.

[14] COVINGTON J A, WESTENBRINK E W, OUARET N, et al.
Application of a novel tool for diagnosing bile acid diarrhoea[J].
Sensors, 2013, 13(9): 11899-11912.

[15] RAMESH P A, MICHAEL J M, COURTENAY R F, et al.
Detection of colorectal cancer (CRC) by urinary volatile organic
compound analysis[ J]. PLoS One, 2014, 9(9): e108750.

[16] RAMESH P A, ERIC W, MICHAEL J M, et al. Differentiating
coeliac disease from irritable bowel syndrome by urinary volatile
organic compound analysis-a pilot study[J]. PLoS One, 2014, 10
(9): e107312.

[17] COVINGTON J A, DERSCHEE M P, EDGE A S, et al. The
application of FAIMS gas analysis in medical diagnostics [J].
Analyst, 2015, 140(20): 6775-6781.

(%% TR )

( 4255 286 11)

[4] PREFLNZRFESA, PREF AN ZRE S A LFRSE

4. F B s 454 (2014) [T, P Aedh 24 4 &, 2015, 48
(6): 435-444.
Chinese Society of Neurology, Cerebrovascular Group of Chinese
Society of Neurology. Guidelines for the diagnosis and treatment
of cerebral hemorrhage in China (2014) [J]. Chinese Journal of
Neurology, 2015, 48(6): 435-444.

[5] KIDWELL C S, CHALELA J A, SAVER J L, et al. Comparison of
MRI and CT for detection of acute intracerebral hemorrhage [J].
JAMA-J Am Med Assoc, 2004, 292(15): 1823-1830.

[6] JING,SUNJ, QIN M X, et al. A new method for detecting cerebral
hemorrhage in rabbits by magnetic inductive phase shift [J].
Biosens Bioelectron, 2014, 52(2): 374-378.

[7] SUN J, JIN G, QIN M X, et al. Detection of acute cerebral
hemorrhage in rabbits by magnetic induction[J |. Braz J Med Biol
Res, 2014, 47(2): 144-150.

(8] ABA#, B, B4, 5. i MIT 318 18 M 309 L7 B W AEY

HE(T]. % v F B X FFR, 2004, 25(23): 2172-2174.
QIN M X, JIAO L C, LU H, et al. Characteristics of sinusoidally
time-varying electromagnetic field in our single measurement cha-
nnel of brain MIT [J]. Journal of the Fourth Military Medical
University, 2004, 25(23): 2172-2174.

[9] GONZALEZ C A, HOROWITZ L, RUBINSKY B. In vivo inductive
phase shift measurements to detect intraperitoneal fluid [J]. IEEE
Trans Biomed Eng, 2007, 54(5): 953-956.

[10] GRIFFITHS H, STEWART W, GOUGH W. Magnetic induction
tomography: a measuring system for biological tissues[J]. Ann N
Y Acad Sci, 1999, 873(1): 335-345.

[11] & A, AA#, &5, & K TR RS 5 AR A5 4 7

S ey EI AR [T]. A E DA R E, 2015, 3203):
569-574.
PAN W C, QIN M X, JIN G, et al. Experimental detection study on
cerebral hemorrhage in rabbits based on magenetic induction phase
shift spectroscopy under the feature band [J]. Journal of
Biomedical Engineering, 2015, 32(3): 569-574.

[12] 5084, 2o Jo sk e Sy AR AR R [T]. BT R 2 &,
2013, 22(1): 82-83.

SUN H L, YU Q. Progress of studies on experimental animal
models of intracerebral hemorrhage [J]. Journal of Regional
Anatomy and Operative Surgery, 2013, 22(1): 82-83.

[13]SCHEPPS J L, FOSTER K R. The UHF and microware dielectric

properties of normal and tumor tissue water comtent[J]. Phys Med

Biol, 1980, 25(6): 1149-1159.

(3B A)



