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Analysis of Cellular Fatty Acid Methyl Esters (FAMEs) for the
Identification of Bacillus anthracis

Won Yong Kim*, Tae Wook Song, Mi-Ok Song, Ji-Yeon Nam, Chul-Min Park,
Ki-Jung Kim, Sang-In Chung and Chul-Soon Choi

Department of Microbiology Chung-Ang University College of Medicine

Bacillus anthracis, the etiological agent of anthrax has been classified into the Bacillus
subgroup I with B. cereus, B. mycoides and B. thuringiensis based on morphological and DNA
similarity. DNA studies have further indicated that these species have very AT-rich genomes and
high homology, indeed it has been proposed that these four sub-species be recognized as members
of the one species. Several methods have been developed to obtain good differentiation between
these species. However, none of these methods provides the means for an absolutely correct
differntiation.

The analysis of fatty acid methyl esters (FAMEs) was employed as a quick, simple and reliable
method for the identification of 21 B. anthracis strains and closley related strains. The most
significant differences were found between B. anthracis and B. anthracis closely related strains
in FAME:s profiles. All tested strains of B. anthracis had a branched fatty acid C17:1 Anteiso A,
whereas the fraction of unsaturated fatty acid Iso C17:1 w10c was found in B. anthracis closely
related strains. By UPGMA clustering analysis of FAMEs profiles, all of the tested strains were
classified into two clusters defined at Euclidian distance value of 24.5. The tested strains of B.
anthracis were clustered together including Bacillus sp. Kyungjoo 3. However, the isolates of B.
anthracis closely related spp. Rho, S10A, 11R1, CAU9910, CAU9911, CAU9912 and CAU9913
were clustered with the other group. On the basis of these results, isolates of B. anthracis
Bongchon, Kyungjoo 1, 2 and Bacillus sp. Kyungjoo 3 were reclassified as a B. anthracis. 1t is
concluded that FAMEs analysis provides a sensitive and reliable method for the identification of
B. anthracis from closely related taxa.
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P EG € (A AHEZHYH AN E
g5 o] 845 Ao Nt Bacillus £7-E riboso-
mal RNA 71X E) o5t 107)e] 1§02 &
FHCSBEPND) B anthraciss B. cereus, B. thurin-
giensis, B. megaterium 2 B. mycoides®} 37| Baci-
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B. anthracis= QWA 0 7 utFA] v EEA,
v 88 A, penicillin 7+44 2 Triple sugar iron
R EIEE R e
StR T QG AAIE R Y E3 BT HE B my-
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racis BEdF2E vl ATCCe 9|73t
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et o2 Re B2 Rho, S10A, 11-R159}
£ @A 3 ofite] EFo 2 RE EE|
CAU9910, CAU9911, CAU9912 2 CAU9913FZ
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B. subtilis, B. mycoides, B. coagulans, B. cereus 2 B.
thuringiensis= A3 FEA T4 F27-£3 (KCTO)
o 2Ry st

2. FAMEs &4

1) A =z2| Fh]

Microbial Identification System (MIS, HP 5890
GC, Microbial ID, Newark, DE, U.S.A)Z o] &3
o] 83 FAMEs ¥A.& Miller’”¢] g o] whsict.
Nutrient agar (Difco Laboratories, Detroit, MI, U.S.A.)
A Bl &8 9F 50 mge} A S Teflon-lined screw
cap tube (¢13 X 100 mm, Corning, Inc., Corning,
New York, US.A)l %31 F 15%2] NaOHE #
7}3F 50% methanol &9 1 mlE 7}8}31 100°C oA
3083 7HE® F AL2oAM WA o719 2
mi€] methanolic-HCl (6.0 N HCI 325 ml + methanol
275 mh)E 7hsled 80T oA 1083 7193 & F
W3} 1.25 mle] hexane/methyl-tert-butylether (1:1)
2 ¥ 1087 & EFSA wede e
BAstel A Foz BN T A5YTS
A At 3 mle] 3]4] NaOH (10.8 g NaOH/900 m}
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< 282 71T 4599 23 H =& septum-
capped sample vial (12 X 32 mm, Alltech Associates,
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Table 1. Bacillus species used in this study

Species Strain Characteristics Source
Reference strain
B. anthracis ATCC 14578 virulent (cap +, tox +) ATCC
B. anthracis ATCC 14185 non-virulent (cap —, tox +) ATCC
B. anthracis ATCC 14186 non-virulent (cap —, tox +) ATCC
B. anthracis Pasteur No. 2 Army non-virulent (cap -, tox +) NVRQS
B. anthracis Sterne 34-F2 non-virulent (cap —, tox +) NVRQS
B. subtilis KCTC 1691 KCTC
B. mycoides KCTC 3453 KCTC
B. coagulans KCTC 1013 KCTC
B. cereus KCTC 1014 KCTC
B. thuringiensis KCTC 3452 KCTC
B. anthracis Isolates
B. anthracis Bongchon Bongchon, China NVRQS
B. anthracis Kyungjoo 1 Kyungjoo, Kyungpook CAU
B. anthracis Kyungjoo 2 Kyungjoo, Kyungpook CAU
B. anthracis closely related isolates
Bacillus sp. Rho Shindo Island, Chonnam SNU
Bacillus sp. S10A Shindo Island, Chonnam SNU
Bacillus sp. - 11R-1 Chunsung-kun, Kangwon SNU
Bacillus sp. Kyungjoo 3 Kyungjoo, Kyungpook CAU
Bacillus sp. CAU 9910 Yesan, Chungnam CAU
Bacillus sp. CAU 9911 Yesan, Chungnam CAU
Bacillus sp. CAU 9912 Yesan, Chungnam CAU
Bacillus sp. CAU 9913 Yesan, Chungnam CAU

" ATCC: American Type Culture Collection, U.S.A.; KCTC: Korean Collection for Type Cultures, Korea
Research Institute of Bioscience and Biotechnology (KRIBB), Korea; VVRQS: National Veterinary Research
and Quarantine Service, Korea; SNU: Seoul National University; CAU: Chung-Ang University.

Inc., Deerfield, IL, US.A)2 $7 cappingdl . ¥4
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2) Gas-liquid chromatography

FAMEs2] #-4]-& Hewlett Packard series II Gas
chromatograph model 5890 GC (Microbial ID, Inc.,
Newark, DE, U.S.A.)& o] &3¢ 2™, separation
columne 25 m X 0.22 mm X 0.33 m methyl phe-
nyl silicone fused silica capillary column (HP 19091B-
102)-& AF&3lA Tk GC B4 24 & carier24 H,
gasE AL83} 3 A E7]) &= FID detector, 7] &%
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170, 3£ 270, A%7] 300C 18 T Injecter
250C S22 3¢t} FAMEs profile2 MIS Soft-
ware (Microbial ID, Inc., Newark, DE, US.A)E ©]
gater] 228 Wl o3 peakd] F
g, AFAIZ, peake] A 2 A H| & 5 T
3} o). Gas chromatography =2 -2 co}g-3 zZoh
(carrier gas, hydrogen; column head pressure, 10 psi;
split ratio, 100:1; split vent, 50 ml/min; septum purge,
5 ml/min; FID hydrogen, 30 ml/min; FID nitrogen, 30
ml/min; FID air, 400 ml/min; initial temperature,
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Table 2. Major celluar fatty acid composition of test groups

Bacillus anthracis

Bacillus anthracis (n=5) closely related species (n=11)

Compound % in test organism % in test organism
Frequency Mean® Minimum Maximum  Frequency Mean® Minimum Maximum
(%) (%) value value (%) (%) value value

Saturated fatty acid
C14:.0 100 1.90 2.32 1.62 100 2.98 4.08 233
C15:0 0 9 091 091 0.91
C16:0 100 3.73 4.82 2.54 100 5.42 8.73 3.98
C18:0 11 1.15 15 1.15 0
Unsaturated fatty acid’
C16:1 w7c alcohol 0 72 1.20 1.77 0.95
C16:1 wllc 0 9 2.37 237 237
Iso C17:1 w5c 100 4.83 7.29 331 100 5.46 8.32 1.91
Iso C17:1 wi10c 0 100 4.22 7.06 2.59
Branched fatty acid
C12:0 Iso 0 27 0.90 1.10 0.71
C13:0 Iso 100 4.85 7.73 3.57 100 712 9.33 5.92
C13:0 Anteiso 22 1.21 1.71 0.82 18 1.01 1.05 0.97
C14:0 Iso 100 3.79 6.97 2.60 100 4.56 8.64 2.69
C15:0 Iso 100 3810  45.93 31.34 100 3430  40.01 28.59
C15:0 Anteiso 100 6.70 10.34 3.61 100 3.30 5.15 2.38
C16:0 Iso 100 7.34 10.05 5.74 100 7.65  11.88 4.61
C17:0 Iso 100 9.40  12.05 8.05 100 10.81 14.92 8.14
C17:0 Anteiso 100 2.96 4.23 1.68 72 1.42 2.01 0.96
C17:1 Anteiso A 100 2.68 5.15 1.79 0
Hydroxy fatty acid
C15:02 OH 0 36 1.17 1.25 0.93
Sum in feature®

3 100 3.86 5.10 2.98 100 3.07 4.48 0.80

4 100 8.90 9.83 7.71 100 7.59 10.07 5.61

* Mean values were calculated by using FAME data for the test strains, regardless of the fact that every fatty
acid was not detected in all of the strains.

® The position of the double bond can be located by counting from methyl (w) end of the carbon chain. A cis
isomer is indicated by the suffix c.

° Summed features represent groups of two or three fatty acids which could not be separated by gas-liquid
chromatography with the MIDI system.

Summed feature 3 contained one more of following fatty acids 12:0 aldehyde. Summed feature 4 contained one

more of following fatty acids 16:1 w7c and/or 15:0 iso 20H.

-34-



Won Yong Kim, et al.: Analysis of FAMEs for the Identification of Bacillus anthracis

PA ] C15:0 Iso
g

134 :

ey 5.7 ]

12 1

11 1

10 1

2.5 5 7.5 10 12.5 15 17.5 20 ml
Bacillus anthracis ATCC 14578

FIOT A (LB0B WIFLETS ]

PA | § C15.01so0

o

14 1
12 4

101

- 5350

25 5 7.5 10 12.5 15 17.5 20 ml
Bacillus cereus KCTC 1014
Figure 1. Fatty acid methyl ester profiles of Bacillus anthracis ATCC 14578 and Bacillus cereus KCTC 1014.
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Bacillus subtilis KCTC 1691
Bacillus anthracis Kyungjoo 2
Bacillus anthracis ATCC 14578
Bacillus anthracis Bongchon
Bacillus anthracis ATCC 14185
Bacillus anthracis Sterne34-F2 A
Bacillus anthracis ATCC 14186

Bacillus anthracis Pasteur No. 2 Army

Bacillus sp. Kyungjoo 3
Bacillus anthracis Kyungjoo 1
Bacillus mycoides ~ KCTC 3453
Bacillus thuringensis KCTC 3452
Bacillus coagulans KCTC 1013
Bacillus cereus KCTC 1014
Bacillus sp. CAU 9910
Bacillus sp. CAU 9912
Bacillus sp. CAU 9913 B
Bacillus sp. CAU 9911
Bacillus sp. Rho
Bacillus sp. S10A
Bacillus sp. 11R-1

Figure 2. Dendrogram showing the relationship between test strains based on their celluar fatty acid profiles.

170C; program rate, 5C/min; final temp, 2707C;
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4] saturated fatty acid?] C14:0, C16:0, unsaturated
fatty acidQ] Isol17:1 w5c, branched fatty acidg] C13:0
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Iso, C17:0 Iso, C17:0 Anteiso, C17:1 Anteiso A, su-
mmed feature 3 @ 47} A&t} ¥l C13:0 An-
teiso-2 BongchonF-of| A, C18:02 Kyungjoo 254}
AT AEH QT B. anthracis AT = F
19579 Akl 73%-‘21215} Alg g3 AA) o
A A3 7t B2 saturated fatty acid=2 A C14:0,
C16:0, unsaturated fatty acid= A} Iso17:1 w5c, Iso17:1
w10c, branched fatty acid24] C13:0 Iso, C14:0 Iso,
C15:0 Iso, C15:0 Anteiso, C16:0 Iso, C17:0 Iso, su-
mmed feature 3 2L 40} v} 2+ 1 ETHI A EAA
2 2 et A WAHE B anthracisd) A= C17:1
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