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(57) Abstract: The present invention pertains to mass spectrometry-based methods for the detection of mycobacterial lipids such as
mycolic acids to be used as biomarkers for tuberculosis infection as well as for assessment for treatment efficacy.
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' MYCOLIC ACIDS AS DIAGNOSTIC MARKERS FOR TUBERCULOSIS CASE

DETE(,TION AND DRUG EFFICACY

BACKGROUND OF THE INVENTION

The number of mycobacterial infections has increased dramaticélly ovér the
past two decades due to, among other factors, the HIV/AIDS epidemic. [nfection.
with Mycobacterium tuberculosis (MTB) remains a major global health threat, with
over nine million new cases and close to two million deaths annually. Détection of
active tuberculosis (TB) infection remains a serious problem in areas where TB is
present and in pre-clinical and clinical trials. Furthermore, there are currently no

markers available that reliably reflect drug response and clearance of bacterial

_ remnants, for example from lesions in the lung.

SUMMARY OF THE INVENTION

The methods of the invention are drawn to methods of assessing a test
sample for the presence of Mycobacterium tuberculosis by assessing a profile of
mycolic acids, such as C26-a-mycolic acids, in a test sample using electrospray
ionization mass spectrometry. The présence of a profile of mycolic acids
comparable to a profile in a positive sample, indicates the presence of
Mycobacterium tuberculosis and is diagnostic for active tuberculosis infection. The
methods further comprise methods for assessing efficacy of a trcatrhent for |
tuberculosis, as the presence of a profile of mycolic acids in a test sample from an
individual after treatment that is comparable to the profile of myéolic acidsina
positive sample is indicative of the continued presence of Mycobacteriz)m
tuberculosis, and thus of a lack of efficacy or of a need for further treatment. A
profile in a test sample from an individual after treatment that is not éomparable to
the profile in a positive sample is indicative of anabsence of detectable

Mycobacterium tuberculosis, and therefore of the efficacy of the treatment.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more particular

~ description of example embodiments of the invention, as illustrated in the

accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the preseht mvention.

Figs. 1 A-1E depict mass spectronomy and fingerprints of mycolic acids

(MAs). MAs from bacterial cell walls were extracted and analyzed by electrospréy

- ionization mass spectrometry (ESI/MS) in negative mode. Fig. 1A: ESI/MS

spectrum of MAs derived from M. tuberculosis Beijing strain. Fig, 1B: product i0n>
analysis (MS/MS) of m/z 1,164, indicating the presence of C22:0 (m/z 339), C24:0
(m/z 367) and C26:0 (m/z 395) fatty acyls in the alpha-branch. (See Fig. 5-12 for
additional ESI/MS of MAs derived from Corynebacteria, Nocardia and

, Mycobaé_teria.) Fig 1C: Signal intensity for each MA species is expressed in a heat

plot format; the inset shows an enlarged section of the alpha-MAs in nine
mycobacterial strains. The triangle indicates a major alpha-MA CgoH560; with C26
as the alpha-branch. The asterisk indicates the alpha-MA C7¢H 4303 with C24 as the
alpha-branch. The full list of all 1,942 MAs is described in Table S1. Fig. 1D:
single stage mass spectra of sputum from non-TB control and from TB patient
(ESI/MS), with ion counts indicated as counts per second (CPS). Fig. 1E: limit of
detection of MA in sputum and in media, using serial dilutions of M. tuberculosis
spiked into control sputum and medium.. After MA extraction, the MA were
resusupended in 120 puL mobile phase and quanﬁﬁed by MRM and normalization to
internal MA standard C32. Ton responses for both medium and sputum are shown
using a non-linear polynomial regression curve. |

Figs. 2A-2F demonstrate that mycolic acids (MAs) in sputum are diagnostic
for TB infection in humans. Fig. 2A: diagram illustrating case-control set-up and
number of TB patients (n=70) and non-TB controls (n=40). Fig. 2B: sputum
samples were extracted using organic solvents and levels of individual MA ‘
molecular species were determined using mass spectrometry in multiple reaction

monitdring (MRM) mode. Major MA species for alpha-, M- (methoxy-).and K-
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(keto-) MA with their respective molecular composition are plotted, with (24) and
(26) indicating the number of carbon atoms in their respective alpha chains. Fig.

2C: individual MA molecular species varied in the strength of their differentiation

' between non-TB controls and TB patients. Fig. 2D: receiver operating

characteristic (ROC) curve is shown displaying the classifying performance
(positive diagnostic likelihood ratio) of individual MA molecular species, expressed
by true positive rate (sensitivity) and false positive rate (l-speciﬁcity)., with alpha-
MA CgoH,5603 providing best accuracy. Fig. 2E: confusion matrix for all 110
samples. Fig. 2F: confusion matrix for the 39 HIV positive samples.

Figs. 3A-B show that mycolic acids (MAs) in lung tissue are diagnostic
markers for TB infection in mice. F ig.. 3A: levels of individual MA molecular
species in the tung of one infected, untreated mouse 5 weeks post-infection. Fig.
3B: MA levels of non-infected control mice compared to MTB-infected and to

-rifampiéin-t-reated mice. Average bacillary load in infections was 15.2 million

" cfw/lung (n-5).

Fig. 4 depicts mass spectra profiles of mycolic acids (MAs) from
corynebacteria. C. hofinanii peaks at m/z 495 and 521 for C32:0 and C34:1 acids;
C. matruchotli peaks at m/z 495, 521, 547 for C32:0, C34:1, and C36:2 acids; C.
ovis, one major homologue at m/z 495 for C32:0 corynomycolic acids; C. vitarumen
peaks at m/z 493, 495, 521, and 523 corresponding to C32:1, C32:0, C34:1, and
C34:0 acids, respectively; C. diphtheria, one major homologue at m/z 495 for C32:0
corynomycolic acid C3;HesOs.

Fig. 5 depicts mass spectra profiles of mycolic acids (MAs) from nocardia.
N. brasillensis, C54, C56, C58 with 2 and 3 double bonds; N. asteroids, C54:2,
C56:2. The value m/z 828 corresponds to homologue CsgHi0sO3 with 2 double
bonds; N. rubra, C40 to C48 with 1 and 2 double bonds; N. coralline, C40 to 46
with 1 and 2 double bonds. |

Fig. 6 depicts mass spectra profiles of mycolic acids (MAs) from various
Mycobacterium tuberculosis (MTB) strains. The major MA species in M. .
tuberculosis are alpha and methoxy-MA, such as m/z 1,136 for alphé—MA
homologue C7gH;4,03 and m/z 1,252 for rhethoxy—MA CssHi6804; while M. bovis
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BCG contains alpha-MA as well as Keto-MA, such as m/z 1,236 for keto-MA
CsaH16404.

Fig. 7 depicts mass spectra profiles of mycolic acids (MAs) of non

tuberculous mycobacteria: absence of oxygenated MA,; alpha MA only: M. fallax,
5 M triviage, alpha and alpha” MA: M. abscessus, M.-chelonae.

Fig. 8 depicts mass spectra profiles of mycolic acids (MAs) of non
tuberculous mycobacteria: alpha, keto, methoxy: M. gordonae, M. kansasii, M.
ulcerans.

Fig. 9 depicts mass spectra profiles of mycolic acids (MAs) of non

10 tuberculous mycobacteria: alpha, alpha’, epoxy: M. chitae, M. farcinogenes, M.
Jortuitum, M. porcinum, M. senegalen&e, M. smegmatis. -

F ig. 10 depicts mass spectra profiles of mycolic acids (MAs) of non
tuberculous mycobacteria: alpha, keto, wax: M. avium complex (MAC), M. phlei,
M. xenopi. The presence of wax ester is evoked by the existence of dicarboxylic

15 7acids, at m/z 916 for the homologue C@Huﬁos,

Fig. 11 depicts mass spectra profiles of mycolic acids (MAs) of non
tuberculous mycobacteria: alpha, alpha’, keto: M. simiae.

Fig. 12 depicts mass spectra profiles of mycolic acids (MAs) of non
tuberculous mycobacteria: alpha, omega-1 methoxy: M alvel.

20 Figs. 13A-B depict tandem mass spectronomy of mycolic acids (MAs).
Corresponding ESI/MS and MS/MS results for MAs derived from Nocadia
asteroids (Fig. 13A) and Corynebacterium diphtheria (Fig. 13B) are shown.
Product ion analysis (MS/MS) of m/z 814 indicating the presence of C14:0 (m/z
227), C16:0 (m/z 255), and C18:0 (m/z 283) fatty acyls in the alpha-branch are

25  shown (Fig. 13A insert). Product ion analysis (MS/MS) of m/z 523 indicating the
presence of C16:1 (m/z 253), C18:0 (m/z 283) fatty acyls in the alpha-branch are
also shown (Fig. 13B insert).

Fig. 14 depicts a comparison of mycolic acid (MA) profiles of extracts from B
cultured mycobacterial strains with MA extracts from Mycobacterium tuberculosis

30 (MTB)-infected mice and mycobacteria-infected human patients. MA profiles were
subject to hierarchical cluster analysis with Euclidea distance as the distance metric.

All sputum samples from TB patients clearly grouped with the MA profiles derived
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from MTB strains (box), possibly by the presence of abundant MA species with
C26:0 fatty acyl alpha-branch in both alpha- and methoxy-MAs (arrow). The same
was true for MA isolated from lungs of TB infected mice. The MA profile of NTM

isolate-1, genctically characterized as Mycobacterium avium complex (MAC),

aligned with MAC in the analysis. NTM sputum-2 and NTM isolate-2 (from the
same patient) aligned closest with the MA profile of M. chelonae. Interestingly,
strain classification of NTM-2 identified it as M. massiliense, which is
indistinguishable from M. chelonae/M. abscessus by partial 1-6S rRNMA gene

sequencing.

DETAILED DESCRIPTION OF THE INVENTION

A descriptioﬁ of example embodiments of the invention follows.

As described herein, Applicants have discovered that electrospray ionization

"mass spectrometry analysis of samples containing Mycobacterium tuberculosis yield

particular profiles of mycolic acids (a-alkyl-B-hydroxy branched chain fatty acids),
and that the presence of Mycobacterium tuberculosis can be assessed by the
presentation of the profile of mycolic acids. Mycolic acids, a-alkyl-B-hydroxy
branched chain fatty acids, are major envelope components of mycobateria; they are
cell wall-associated bacterial molecules and are not synthesized by the human body.
Thus, the presence of mycolic acids is indicative of bacterial infection. Through
electrospray ionization tandem mass spectronometry (ESI/MS), comprehensive lists
of mycolic acid precursor ions and corresponding fragment ions were generated for
multiple reaction monitoring (MRM). Quantification of mycolic acdids, and in
particular C26 a-mycolic acids, is now possible. The presence of particular mycolic
acid profiles can therefore be used to diagnose active tuberculosis infection in an
individual, as well as to assess the efficacy of treatment for tuberculosis in an
individual. _ '

The methods of the invention utilize a test sample. The term, “test sample,”
as used herein, refers to a sample that is suspected of, or confirmed aS, containing
Mycobacterium tuberculosis. Representative test samples include samples of

isolated bacteria; bodily fluid samples (e.g., sputum); and tissue samples (e.g., lung
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tissue). The sample can be obtained, for exainple, from an individual suspected of
having an active tuberculosis infection, or, in the case of the meihods for assessing
efficacy of treatment of tuberculosis, from an individual known to have or
previously diagnosed with an active tuberculosis infection. The HIV status of the
individual is immaterial, as the methods are appropriate for individuals with HIV
positive or HIV negative status. The individual can be a human being, and can also
be another mammal (e.g., a mouse used as a model for Mycobacterium tuberculosis
infection). If necessary or desired, a sampie can be processed, such as to isolate
bacteria therein, or to concentrate the sample, or to digest or decontaminate
components of the sample. '

In the methods of the invention, electrospray ionization mass spectrometry
(ESI/MS), subh as tandem ESI/MS, is used on a test sample. For example, mass

spectrometry targeted analysis by multiple reaction monitoring (MRM) can be used.

In MRM,; a precursor ion of interest is selected in a first mass analyzer of a tandem

mass speétrometer and fragmented in the collision cell, and a characteristic product
ion (e.g., an acyl chain) is then selected in the second mass analyzer. Different
mycolic acids can then be selectively monitored using transition pairs, using
characteristic transitions specific for each species of mycolic acids as have been
identified herein and described in the Supplementary Table 1 below. A set of
characteristic transitions identifiable using these methods is referred to herein as a

“profile” of the particular mycolic acids.
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Supplementary Table 1
MRM Transitions | No. of Carben |{No. of Hydrogen] No, of Oxygen | a-branch Farry acyls class
1332.4/305.3 92 180 3 26:0 - alpha
1318.4/395.3 91 178 3 26.0 alpha
1304.3/395,3 . 90 176 3 28:0 alpha,
1290.3/395.3 89 174 3 26:0 alpha
1276.3/305.3 88 : 172 3 26:0 : alpha
1262,3/395.3 87 170 3 26:0 : alpha
"11248.3/395.3 86 168 3 26:0 - alpha
4234.3/395.3 BS 166 3 26:0 alpha
1220,3/395.3 84 184 3 26:0 - . alpha
1206.2/395.3 83 162 3 26:0 __alpha
1192.2/395.3 82 180 3 260 alpha
1178.2/395.3 81 158 3 28:0 ] alpha
1164.2/1395,3 80 156 3 28:0 alpha
1150,2/395.3 79 154 3 26:0 alpha
1136.2/395.3 78 152 3 26:0 alpha
1122.1/395.3 77 150 3 26:0 alpha
1108.1/395.3 76 148 3 26:0 alpha
1094.1/395.3 75 148 3 26:0 alpha
1080.1/395.3 74 144 3 280 alpha
1068.1/395.3 73 142 8 28:0 alpha
1052.1/395.3 72 140 3 26:0 alpha
11038.1/395.3 71 138 3 26:0 alpha
1024.0/395.3 70 136 3 26:0 alpha
1010.0/385.3 69 134 3 26:0 alpha
996.0/385.3 68 ] 152 3 26:0 ajpha
982,0/395.3 - 67 130 3 28:0 alpha
968.0/395,3 66 128 3 26:0 alpha
954.0/395.3 65 126 3 26:0 . alpha
939,9/395.3 64 124 3 26:0 alpha
925,9/395.3 ] 63 122 3 280 alpha
911.9/395.3 62 120 3 26.0 alpha
897.9/395,3 61 118 3 26:0 alpha
883.9/395,3 60 116 3 28:0 alpha
869.9/395,3 59 114 3 26:0 alpha
865.9/395.3 58 17 3 26:0 alpha
1318.4/367.3 .91 178 3 24:0 alpha
1304.3/367.3 90 176 3 24:0 alpha
1290.3/367.3 89 174 3 24:0 alpha
1276.3/367.3 88 172 3. _ | . 240 | . ____apha .
1262.3/367.3 87 170 3 24:0 ] alpha
1248.3/367.3 86 168 3 24:0 alpha
1234.3/367.3 85 166 3 24:0 alpha
1220.3/367.3 84 184 3 24:0 alpha
1206.2/367.3 83 162 3 240 alpha
~41192:2/367.3 - - f - 82 o] o 4B frrm §ons 280 R ...a|ph3.. U
1178.2/367.3 81 158 3 24:0 - aipha
1164.2/367.3 80 156 3 240 alpha
1150.2/367.3 78 154 3 240 alpha
1136.2/367.3 78 152 3 240 . alpha
1122.1/367.3 77 150 3 24:0 ) j alpha
1108.1/367.3 76 148 3 24:0 alpha
1094.1/367.3 75 146 3 24:0 -~ alpha
1080.1/367.3 74 144 3 24:0 alpha
1066.1/367.3 73 142 3 24.0 alpha
1052.1/367.3 72 ) 140 3 24:0 - alpha
1038.1/367.3 71 138 3 24:0 alpha
1024.0/367.3 70 . 136 3 24:0 alpha
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1010.0/367.3 89 134 3 24:0 alpha
996.0/367.3 68 132 3 24:0 alpha
882.0/367.3 87 130 3 24:0 alpha
968.0/367.3 66 128 3 24:0 alpha
954.0/367.3 65 126 3 24:0 alpha
939.9/367.3 64 124 3 24:0 alpha
925.9/367.3 63 122 3 24:0 alpha
911.9/367.3 62 120 3 240 alpha
887.9/367.3 61 118 3 24:0 alpha
883.9/367.3 60 116 3 24.0 alpha
869.9/367.3 59 114 3 24:.0 alpha
865.9/367.3 58 112 3 24.0 . alpha
1318.4/339.2 91 178 3 22:0 alpha
1304.3/339.2 20 176 3 22:0 alpha
1280.3/338.2 89 174 3 22:0 alpha
1276.3/339.2 88 172 3 22:0 alpha
1262.3/338.2 87 170 3 22:0 alpha
1248.3/339.2 86 168 3 22:0 alpha
1234.3/338.2 85 168 3 22:0 alpha
1220.3/339.2 84 164 3 22:0 alpha
1206.2/338.2 83 162 3 22:0 alpha
1192.2/339.2 82 160 -3 22:0 alpha
1178.2/339.2 81 158 3 22:0 alpha
1164.2/339.2 80 156 3 22:0 alpha
1150.2/339.2 78 154 3 22,0 alpha
1136.2/339.2 78 152 3 22:0 alpha
1422.1/339.2 77 150 3 22:0 alpha
1108.1/339.2 76 148 3 22:0 alpha
1094.1/338.2 75 148 3 22:0 alpha
1080,1/339.2 74 144 3 22.0 alpha
10686.1/339.2 73 142 3 22:0 alpha
1062.4/338.2 72 140 3 22:0 alpha
1038.1/339.2 71 138 3 22.0 alpha
1024.0/339.2 70 136 3 22.0 aipha
1010.0/339.2 69 134 3 22:0 alpha

.1696.0/339.2 88 132 3 22:0 alpha
982.0/339.2 87 130 3 22,0 alpha
968.0/338.2 66 128 3 22:0 ajpha
964.0/339.2 65 126 3 22:0 aipha
939.9/339.2 64 124 3 22.0 alpha
$925.9/339.2 63 122 3 22:0 alpha
911.8/339.2 62 120 3 22,0 alpha
897.9/339.2 61 118 3 22:0 alpha
883.9/339.2 60 118 3 22:0 alpha
869.9/339.2 598 114 3 22.0 alpha
856.9/338.2 58 112 3 22:0 alpha
1318.4/311.2 91 178 . 3 20.0 alpha
1304.3/311.2 90 176 3 20:0 alpha
1290.3/311.2 B89 174 3 20:0 alpha -
1276.3/311.2 88 172 3 20:0 alpha
1262.3/311.2 87 170 3 20.0 alpha
1248.3/311.2 86 168 3 20:0 alpha
1234.3/311.2 85 166 3 20:0 alpha
1220.3/311.2 84 164 3 20:0 alpha
1206.2/311.2 B3 162 3 20:0 alpna
1192.2/311.2 82 160 ] 20:0 alpha
1178.2/3114.2 81 158 3 20:0 alpha
1164.2/311.2 80 156 3 20:0 alpha
1150.2/311.2 78 154 3 20:0 alpha
1122.1/311.2 77 150 3 20:.0 alpha
1108,1/311.2 76 148 3 20:0 alpha
1094.1/311.2 75 146 3 20:0 alpha
1080.1/311.2 74 144 3 200 alpha
10686.1/311.2 73 142 3 20:0 alpha
1052.1/311.2 72 140 3 20:0 alpha

-|1038.1/311.2 71 138 3 20:0 alpha
1024.0/311.2 70 138 3 200 alpha -
1010.0/311.2 69 134 3. 20:0 alpha
996.0/311.2 68 - 132 3 20:0 alpha
982.0/311.2 67 130 3 20:0 alpha
968.0/311.2 66 128 3 20:0 __alpha
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954.0/311.2 65 126 3 20:0 alpha
939.9/311.2 64 124 3 20:0 alpha
925.9/311.2 63 122 3 20:0 alpha
911.9/311.2 62 120 3 20:0 alpha
897.9/311.2 61 118 3 20:0 alpha
883.9/311.2 60 116 3 20:0 alpha
869.9/311.2 59 114 3 20:0 alpha
855.9/311.2 58 112 3 20:0 alpha
841.8/311.2 57 110 3 20:.0 alpha
827.8/311.2 56 108 3 20:0 alpha
813.8/311.2 55 108 3 20:0 alpha
789.8/311.2 54 104 3 20:0 alpha
785.8/311.2 53 102 3 20.0 alpha
771.8/311.2 52 100 3 20:0 alpha
1152.2/395.3 79 158" 3 26.0 alpha prime
1138.2/385.3 78 154 3 26.0 alpha prime
1124.2/385.3 77 152 3 26.0. alpha prime
1110.1/395.3 76 150 3 26:0 alpha prime
1096.1/385.3 - 75 148 3 28:0 alpha prime
1082.1/395.3 74 146 3 26:0 ajpha prime
1068,1/355.3' 73 144 3 28:0 alpha prime
1054.1/395.3 72 142 3 28:0 alpha prime
1040.1/395.3 71 140 3 26:0 alpha prime
1026,1/395.3 70" 138 3 28.0 alpha prime
1012.0/395.3 69 136 ] 260 alpha prime
998.0/395.3 68 134 3 26.0 alpha prime
984.0/395.3 67 132 3 280 aipha prime
970.0/395.3 66 130 3 26:0 aipha prime
956.0/395,3 65 128 3 2610 alpha prime
942.0/385.3 64 126 3 26:0 alpha prime
027.9/395.3 83 124 3 26:0 alpha prime
913,9/3€5.3 62 122 3 26:0 alpha prime
899.9/385.3 61 120 3 26:0 alpha prime
885.9/385.3 60 118 3 26.0 alpha prime
871.8/395.3 59 118 3 26:0 alpha prime
867.9/385.3 58 114 3 26.0 alpha prime
843.9/395.3 57 112 3 26:0 alpha prime
828.8/395.3 56 110 3 26:0 alpha prime
815.8/395.3 55 108 3 26.0 alpha prime
1110.1/367.3 76 150 3 24:0 alpha prime
1096.1/367.3 75 148 3 24:0 alpha prime
1082.1/367.3 74 148 3 24:0 aipha prime
110568.1/367.3 73 144 3 24:0 alpha prime
1054.1/367.3 72 142 3 24,0 alpha prime
1040.1/367.3 71 140 3 24:0 alpha prime
1026.1/367.3 70 138 3 240 alpha prime
1012.0/367.3 69 136 3 24.0 alpha prime -
8998.0/367.3 58 134 3 24:0 aipha prime
984.0/367.3 67 132 3 24:0 - alpha prime
970.0/367.3 66 130 3 24:0 alpha prime
956.0/367.3 65 128 3 24:0 alpha prime
942.0/367.3 64 126 3 24:.0 alpha prime
927.9/367.3 €3 124 3 240 aipha prime
913.9/367.3 62 122 3 24:0 alpha prime
899.9/367.3 61 120 3 24:0 alpha prime
885.9/367.3 60 118 .3 24:0 alpha prime
871.9/367.3 59 116 3 24.0 alpha prime
857.9/367.3 58 114 3 24:0 alpha prime
843.8/367.3 57 112 3 240 alpha prime

..{829.8/387.3.......] .. .56.. . .. ... 410 .. . .3 24:0 -alpha prime
816.8/367.3 56 108 3 24:0 alpha prime
1110.1/339.2 76 160 3 22:0 alpha prime
1096.1/339.2 75 148 3 22.0 alpha prime
1082.1/339.2 74 146 3 22:0 alpha prime *
1068.1/339.2 73 144 3 22:0 alpha prime
1064,1/339.2 72 142 3 22:0 alpha prime

§1040.1/339.2 71 140 3 22:0 - alpha prime
1026.1/338.2 70 138 3 22:0 aipha prime
1012.0/338.2 69 136 3. 22,0 alpha prime
998.0/339.2 68 134 3 22:0 alpha prime
984.0/339.2 87 132 3 22:0 alpha prime
970.0/338.2 66 130 3 22:0 alpha prime
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956.0/339.2 65 128 3 22:0 alpha prime
942.0/339.2 64 128 3 22:0 alpha prime
927.9/339.2 63 124 3 22:0 alpha prime
913.8/339.2 62 122 3 22:0 alpha prime
898.9/339.2 61 120 3 22,0 alpha prime
885.9/339.2 60 118 3 22:0 alpha prime
871.6/339,2 59 116 3 22:0 alpha prime
857.9/339.2 58 114 3 22:0 alpha prime
843.9/339.2 57 112 3 22.0 alpha prime
829.8/339.2 56 110 3 22:0 alpha prime
815.8/339.2 55 108 3 22:0 alpha prime
1110.1/311.2 76 150 3 20:0 alpha prime
1086.1/311.2 75 148 3 20:0 alpha prime
1082.1/311.2 74 146 3 20:0 alpha prime
1068.1/311.2 73 144 3 20:0 alpha prime
1054.1/311.2 72 142 3 20:0 alpha prime
1040,1/311.2 71 140 3 20.0 alpha prime
1026.1/311.2 70 138 3 200 alpha prime
1012.0/311.2 59 136 3 20:0 alpha prime
998.0/311.2 68 134 3 20:0 alpha prime
984.0/311.2 87 132 3 20:0 alpha prime
970.0/311.2 66 130 3 20:0 alpha prime
958.0/311.2 86 128 3 20:0 alpha prime -
942,0/311,2 64 126 3 20:0 alpha prime
927.9/311.2 83 124 3 20:0 alpha prime
913.9/311.2 62 122 3 20.0 alpha prime
899,9/311.2 61 120 3 20.0 alpha prime
885.9/311.2 60 118 3 20:0 alpha prime
871.9/311.2 59 1186 3 20:0 alpha prime
B57.9/311.2 58 114 3 20:0 alpha prime
843.8/311.2 67 112 3 20:0 alpha prime
829.8/311.2 56 110 3 20:0 alpha prime
815.8/311.2 55 108 3 20:0 alpha prime
1232.3/395,3 85 164 3 26:0 alpha - 2
1204.2/395.3 83 160 3 26:0 alpha - 2

11190.2/385.3 82 158 3 26:0 - alpha - 2
1176.2/395.3 81 156 3 26:0 alpha - 2
1162.2/395.3 80 154 3 28:0 alpha - 2
1148.2/396.3 79 162 3 26.0 alpha - 2
1134.1/395.3 78 150 3 28:0 alpha - 2
1120.1/395.3 77 148 3 26:0 alpha -2
1106,1/395.3 76 148 3 28.0 alpha -2
1082.1/396.3 75 144 3 260 alpha - 2
1078,1/395.3 74 142 3 26,0 alpha-2
811.8/395.3 55 104 3 26:0 alpha - 2
797.8/395.3 54 102 3 28:0 alpha -2
783,8/385.3 53 100 3 26.0 alpha -2
769.7/395,3 52 98 3 26.0 alpha - 2
755.7/395.3 51 26 3 26:0 alpha -2
741.7/1395.3 -50 94 3 26:0 alpha -2
727.71395.3 49 92 3 26:0 alpha - 2
713.7/395.3 48 80 3 26:0 alpha- 2
£99,7/395.3 47 88 3 26.0 alpha - 2
1232.3/367.3 85 164 3 24.0 alpha - 2
1204.2/367.3 83 160 3 24:0 alpha-2
1180,2/367.3 82 158 .3 24:.0 alpha - 2
1178.2/367.3 - 81 156 3 24:0 alpha- 2
1162.2/367.3 80 154 3 24:0 alpha - 2
1148.2/367.3 79 152 3 24:0 alpha -2

f1134.1/367.3 - ] 7B 25D B e 200 .. .alpha- 2
1120.1/367.3 77 148 3 ' 24:0 alpha - 2
1106.1/367.3 76 146 3 24.0 alpha - 2
1092.1/367.3 75 144 3 24:.0 alpha - 2
1078.1/367.3 74 142 3 24:0 alpha - 2 -
811.8/367.3 55 104 3 240 alpha - 2
797.8/367.3 54 102 3 24:0 algha - 2
783.8/367.3 53 100 3 24:0 alpha - 2
769.7/367.3 52 98 3 24:0 alpha - 2
755.7/367.3 51 96 3 24:0 alpha -2
741.7/367.3 50 84 3 24:0 alpha - 2
727.7/367.3 49 92 3 24:0 alpha - 2
713.7/367.3 48 90 3 24:0 alpha - 2
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699,7/367.3 47 88 3 24:0 alpha - 2
1232.3/338.2 85 164 3 22:0 alpha - 2
1204,2/339.2 83 160 3 22:0 apha - 2
1180.2/339.2 82 158 3 22:0 alpha - 2
1176.2/339.2 81 156 3 22:0 alpha -2
1162.2/339.2 80 154 3 22,0 alpha - 2
1148.2/339.2 79 152 3 22.0 alpha - 2
1134.1/339.2 78 150 3 22:0 alpha -2
1120.1/339.2 77 148 3 22:0 alpha -2
1106.1/339.2 76 146 3 22:0 alpha - 2
1092,1/339.2 75 144 3 22:0 alpha - 2
1078,1/339.2 74 142 3 22;0 alpha - 2
811.8/339.2 55 104 3 22:0 alpha - 2
797.8/339.2 54 102 © 3 22:0 alpha-2
783.8/338.2 53 100 3 22:0 alpha -2
769.7/338.2 52 98 3 22:0 alpha - 2
765,7/338.2 54 96 3 22:0 alpha - 2
7414.7/339.2 50 94 3 22:0 alpha - 2
727.71339.2 49 92 3 22:0 alpha -2
743.7/339,2 48 90 3 22.0 alpha - 2
689.7/339.2 47 88 3 22:0 alpha -2
1232.3/311.2 85 164 3 20:0 alpha - 2
1204.2/311.2 83 160 3 20:0 alpha -2
1180.2/311.2 82 158 3 20:0 alpha - 2
1176.2/311.2 81 156 3 20:0 alpha - 2
1162.2/311,2 80 154 3 20:0 alpha - 2
1148.2/311.2 79 162 3 20:0 alpha - 2
1134.1/311.2 78 150 3 20:0 alpha -2
1120,1/311.2 77 143 3 200 alpha - 2
1108.1/311.2 76 146 3 20:0 alpha - 2
1092.1/311.2 75 144 3 20:0 alpha - 2
1078.1/311.2 74 142 3 20:0 alpha -2
811.8/311.2 55 104 3 20:0 alpha - 2*
797.8/311.2 54 102 3 20:0 alpha - 2
783.8/311.2 53 100 3 20:0 alpha - 2
|789.7/311.2 52 98 3 20:0 alpha - 2
755,7/1311.2 51 26 3 20:0 alpha - 2
741.7/311.2 50 94 3 20:0 alpha-2
727.7/1311.2 49 92 3 20:0 alpha - 2
713.7/1311.2 48 90 3 20:0 alpha -2
699.7/311.2 47 88 3 - 25:0 aipha - 2
1362.4/395.3 93 182 4 28:0 keto/epoxyfw-1
1348.4/385.3 92 180 4 26:0 keto/epoxy/w-1
1334.4/395.3 81 178 4 26.0 keto/epoxy/w-1
1320.3/395.3 80 176 4 260 kelnfepoxy/w-1
1306.3/395.3 89 174 4 26:0 keto/epoxy/w-1
1292.3/395.3 88 172 4 26:0 keto/epoxy/w-1
1278,3/395.3 87 170 4 26:0 keto/epoxy/w-1
1264.3/395.3 86 168 4 28:0 - ketalepoxy/w-1
1250,3/395.3 -85 166 4 26:0 keto/epoxy/w-1
1236.3/395.3 84 164 4 26:0 keto/epoxy/w-1
1222.2/395.3 83 162 4 26:0 keto/epoxy/w-1
1208.2/395.3 82 160 4 26:0 ketc/epoxy/w-1
1194.2/385,3 81 158 4 26:0 keto/epoxy/tw-1
1180.2/395.3 80 156 4 26:0 keto/epoxy/w-1
1166.2/395.3 78 164 - 4 26:0 keto/epoxy/w-1
1152.2/395.3 78 152 4 26:0 keto/epoxy/w-1
1138.1/395.3 77 150 4 26.0 keto/epoxy/w-1
1124.1/395.3 76 148 4 26.0 keto/epoxy/w-1
1086.1/395.3 74 144 4 26:0 . ketolepoxy/w-1
1082.1/395.3 73 142 4 28.0 keto/epoxy/u-1
1068,1/395.3 72 140 4 26:0 kelo/epoxy/w-1
1054.,0/385.3 71 138 4 28:0 keto/epoxy/w-1
1040.0/395.3 70 138 4 26.0 keto/epoxy/w-1
£ 1026.0/395.3 69 134 4 26:0 keto/epoxy/w-1
. 11012,0/395.3 68 132 4 26:0 keto/epoxy/w-1
998.0/385.3 87 130 4 . 28:0 keto/epoxy/w-1
984.0/395.3 66 128 4 26:.0 keto/epoxy/w-1
970.0/395.3 65 126 4 26:0 keto/epoxy/uw-1
955.9/395.3 64 124 4 260 ketolepoxy/w-1
941.,9/395.3 63 122 4 26:0 keto/epoxy/w-1
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927.9/395.3 62 120 4 260 keto/epoxy/w-1
913.,9/395.3 61 118 4 28,0 keto/apoxy/w-1
890.9/395.3 60 116 4 26:0 keto/epoxy/w-1
885,9/395,3 59 114 4 260 keto/epoxy/w-1
§71.8/395.3 58 112 4 28:0 keto/epoxy/w-1
1362.4/367.3 93 182 4 24.0 keto/epoxy/w-1
1348.4/367.3 ‘82 180 4 24.0 keto/epoxy/w-1
1334.4/367.3 81 178 4 24:0 keto/epoxy/w-1
1320.3/367.3 90 176 4 24.0 ketofepoxy/w-t
1306.3/367.3 89 174 4 24,0 keto/epoxy/w-1
1292.3/367.3 88 172 4 24:0 keto/epoxy/w-1
1278.3/367.3 87 170 4 24:0 ketolepoxy/w-1
1264.3/367.3 86 168 4 24:0 keto/epoxy/w-1
1250.3/367.3 85 166 4 24:0 keto/epoxy/w-1
1238.3/367.3 84 164 4 24.0 keto/epoxy/w-1
1222.2/367.3 83 162 4 24.0 keto/epoxyfw-1
1208.2/367,3 82 160 4 24.0 keto/epoxy/w-1
1184.2/367.3 81 158 4 24:0 keto/epoxy/w-1
1180.2/367.3 80 156 4 24:0 keto/epoxy/w-1
1166.2/367.3 79 154 4 24.0 keto/epoxy/w-1
1152.2/367.3 78 152 4 24:0 keto/epoxy/w-1
1138.1/367.3 77 150 4 24:0 keto/epoxy/w-1
1124.1/367.3 76 148 4 24:0 - keto/epoxy/w-1
1110.1/367.3 75 148 4 24:0 keto/epoxy/w-1
1096.1/367.3 74 144 4 24:0 keto/epoxy/w-1
1082.1/367.3 73 142 4 24:0 keto/epoxy/w-1
1068.1/367.3 72 140 4 24:0 ketolepoxy/w-1 -
1054.0/367.3 71 138 4 24.0 keto/epoxy/w-1
1040.0/387.3 70 138 4 24.0 keto/epoxy/w-1
1026.0/367.3 69 134 4 24:0 ketofepoxylw-1
1012,0/367.3 68 132 4 24:0 keto/epoxylw-1
998.0/367.3 67 130 4 24:0 keto/epoxy/w-1
984.0/367.3 66 128 4 24:0 ketolepoxy/w-1
970.0/367.3 65 126 4 24:0 keto/epoxy/w-1
955.9/367.3 64 124 4 24:0 keto/epoxy/w-1
941.9/367.3 83 122 4 24:0 keto/epoxy/w-1
927,8/367.3 62 120 4 24:0 keto/epoxy/w-1
913.9/367.3 61 118 4 24:0 keto/epoxy/w-1
899.9/367.3 60 116 4 24:0 keto/epoxy/fw-1
885.9/367.3 59 114 4 24.0 keto/epoxy/w-1
871.8/367.3 58 112 4 24:0 ketofepoxy/w-1
1362.4/339.3 93 182 4 22:0 keto/epoxy/w-1
1348,4/339.2 92 180 4 22:0 keto/epoxy/w-1
1334.4/339.2 91 178 4 22:0 keto/epoxy/w-1
1320,3/339.2 . 90 176 4 22:0 keto/epoxy/iw-1
1306.3/339.2 89 174 4 22:0 keto/epoxy/w-1
12982.3/338.2 88 172. 4- 22:0 keto/epoxy/w-1
1278.3/339.2 87 170 4 22:0 keto/epoxy/w-1
1264.3/339.2 86 168 4 22:0 keto/epoxy/w-1
1250,3/339,2 85 166 4 22:0 keto/epoxy/w-1
1236,3/339.2 4 22:0 keto/epoxy/w-1
1222.2/339.2 4 220 keto/epoxy/w-1
1208.2/339.2 4 22:.0 keto/epoxy/w-1
1194.2/339.2 4 22:0 keto/epoxy/u-1
1180.2/338.2 4 22:.0 keto/epoxy/w-1
1166.2/339,2 4 22.0 keto/epoxy/w-1
1152.2/330.2 4 22:0 keto/epoxy/w-1
1138.1/339.2 4 22,0 ketofepoxy/w-1
1124.1/338.2 4 22:0
JURSROR TR T, WV CTCT- Yo S il - -22:0- fepoxy/w-1 - -
1096.1/339.2 4 22;0 keto/spoxy/w-1
1082.1/335.2 4 22:0 keto/epoxy/w-1
1068.1/339.2 4 22:0 keto/epoxy/w-1
1054.0/338.2 4 22:0 keto/epoxy/w-1
1040.0/339.2 4 22:0 keto/epoxy/w-1
1026.0/339.2 69 134 4 22:0 keto/epoxy/u-1
1012.0/339.2 68 132 4 22:0 keto/epoxy/u-1
998.0/339.2 67 130 4. 22:0 keto/epoxy/w-1
984.0/339.2 66 128 4 22:0 keto/epoxy/w-1
970.0/338.2 65 426 4 22:0 keto/epoxy/w-1
955.8/339.2 64 124 4 22:0 keto/epoxy/w-1
941.8/339.2 83 122 4 22:0 keto/epoxy/w-1
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927.9/339.2 62 4 22:0 keto/epoxy/w-1
513.9/338.2 61 118 4 22:0° keto/epoxy/w-1
899,9/330.2 60 116 4 22:.0 ketolepoxy/w-1
885.9/339.2 59 114 4 22.0 ketofepoxy/w-1
871.8/338.2 58 112 4 22:0 keto/epoxy/w-1-
1362.4/311.2 93 182 4 20:0 keto/epoxy/w-1
1348.4/311.2 92 180 4 20:0 keto/epoxy/w-1
1334.4/311.2 91 178 4 20:0 keto/epoxy/to-1
1820.3/311.2 90 178 4 2000 keto/epoxy/w-1
1306.3/311.2 89 174 4 20:0 Kketo/epoxy/w-1
1282.3/311.2 88 172 4 20:0 keto/époxy/w-1
1278.3/311.2 87 170 4 20:0 keiolepoxy/w-1
1264.3/311.2 86 168 4 20:0 keto/epoxy/w-1 -~
12560.3/311.2 85 166 4 20:0 keto/epoxy/w-1
12386.3/311.2 84 164 4 20:0 keto/epoxy/w-1
1222.2/311.2 83 162 4 20:0 keto/epoxy/w-1
1208.2/311.2 82 160 4 20:0 ketolepoxy/w-1
1184.2/311.2 81 158 4 20:0 ketolepoxy/w-1
1180.2/311.2 80 156 4 20:0 ketolepoxy/w-1
1168.2/311.2 79 154 4 20:0 keto/epoxy/w-1
1152.2/311.2 78 152 4 20:0 ketolepoxy/w-1
1138.1/311.2 77 150 4 20:0 keto/epoxy/w-1
1124.1/311.2 76 148 4 20:0 - ketolepoxy/w-1
1110.1/311.2 75 146 4 20:0 keto/epoxy/w-1
1096.1/311.2 74 144 4 20:0 keto/epoxy/w-1
1082.1/311.2 73 142 4 20:0 keto/epoxy/w-1
1068.1/311.2 72 140 4 20:0 keto/epoxy/w-1
1054.0/311.2 71 138 4 20:0 ketofepoxy/w-1
1040.0/311.2 70 136 4 20:0 keto/epoxy/w-1
1026.0/311.2 . 89 134 4 20:0 ketolepoxy/w-1
1012.0/311.2 68 132 4 20:0 keto/epoxy/w-1
998,0/311.2 &7 130 4 20:0 keto/epoxy/w-1
984.0/311.2 68 128 4 . 20:0 keto/epoxy!w-1
970.0/311.2 65 126 4 20:0 keto/epoxy/w-1
955.9/311.2 64 124 4 20:0 keto/epoxy/w-1
941.9/311.2 63 122 4 20:0 keto/epoxy/w-1
927.9/311.2 62 120 4 20:0 keto/epoxy/w-1
913,9/311.2 61 118 4 20:0 keto/epoxy/tw-1
899.9/311.2 60 118 4 20:0 keto/epoxy/w-1
885.9/311.2 59 114 4 20:0 keto/epoxy/w-1
§71.8/311.2 58 112 4 20:0 keto/epoxy/w-1
1350.4/395.3 92 182 4 28:0 methoxy
1336.4/396.3 91 180 4 26:0 methoxy
1322.4/385.3 90 178 4 26:0 methoxy
1308.3/395.3 89 176 4 26:0 methoxy
1284.3/385.3 88 174 4 26.0 mathoxy
1280.3/395.3 87 172. 4 26:0 methoxy
1266.3/395.3 86 170 4 26:0 methoxy
1252.3/385.3 85 168 4 26:0° methoxy
1238.3/395.3 84 166 4 26:0 methoxy
1224.8/395.3 83 164 4 26:0 methoxy
1210.2/385.3 82 162 4 26.0 methoxy
1186.2/395.3 81 160 4 260 methoxy
1182,2/395.3 80 158 4 26:0 methoxy
1168.2/386.3 79 156 4 26:0 methoxy
1154.2/395.3 78 154 4 26:0 methoxy
1140.2/395.3 77 152 4 26:0 methoxy
1126.1/385.3 76 150 4 26:0 methoxy
1112.1/395.3 75 148 4 26:0 methoxy i
1084.1/395.3 73 144 4 26:0 methoxy
1070.1/395.3 72 142 4 280 . methoxy
1066,1/395.3 71 140 4 26:0 methoxy
1042.0/395.3 .70 138 4 26:0 methoxy -
1028.0/395.3 59 136 4 28:0 methoxy
1014.0/385.3 38 134 4 26:0 methoxy
1000.0/395.3 67 132 4 26.0 methoxy
986.0/385.3 €68 130 4 . 26:0 methoxy
972.0/295.3 65 128 4 26:0 methoxy
958.0/395.3 684 126 4 2610 methoxy
943,9/385.3 63 124 4 26:0 methoxy
920,9/395.3 62 122 4 26:0 methoxy
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1350.4/367.3 92 182 4 24:0 methoxy
1336.4/367.3 91 180 4 24:0 methoxy
1322.4/367.3 90 178 4 24:0 methoxy
1308.3/367.3 89 176 4 24:0 methoxy
1284.3/367.3 88 174 4 240 methoxy
1280.3/367.3 87 172 4 24:0 methoxy
1266.3/367.3 86 170 4 240 methoxy
1252.3/367.3 85 168 4 24:0 methoxy
1238.3/367.3 84 166 4 24:0 methoxy
1224,3/367.3 83 164 4 24:0 methoxy
1210.2/367.3 82 162 4 24:0 methoxy
1196.2/367.3 81 160 4 24:0 methoxy
1182,2/367.3 80 158 4 24.0 methoxy
1168.2/367.3 79 156 4 24.0 methoxy
1154.2/367.3 78 154 4 24.0 methoxy
1140.2/367.3 77 152 4 24.0 methoxy
1126.1/367.3 76 150 4 24.0 methoxy
1112.1/367.3 75 148 4 24:0 methoxy
1098.1/367.3 74 146 4 24.0 methoxy
1084.1/367.3 73 144 4 24.0 methoxy
1070.1/367.3 72 142 4 24.0 methoxy
1056.1/367.3 71 140 4 24:0 methoxy
1042.0/367.3 70 138 4 24:0 methoxy
1028.0/367.3 69 136 4 24:0 methoxy
1014,0/387.3 68 134 4 24:0 methoxy
1000.0/367.3 67 - 132 4 24.0 methoxy
086.0/367.3 66 130 4 24:0 methoxy
972.0/367.3 65 128 4 24.0 methoxy
958.0/367.3 64 126 4 24,0 methoxy
943.9/367.3 63 124 4 24.0 methoxy
929.,9/367.3 62 122 4 24:0 methoxy
1350.4/338.2 92 182 4 22:0 methoxy
1336.4/339.2 . 91 180 4 22:0 methoxy
1322.4/339.2 90 ' 178 4 22.0 methoxy
1308,3/339.2 89 176 4 22,0 methoxy
1294,3/339.2 88 174 4 22:0 methoxy
1280.3/339.2 87 172 4 22:0 methoxy
1266.3/339.2 86 170 4 22.0 methoxy
1252.3/339.2 85 168 4 22,0 methoxy
1238.3/338.2 84 166 4 220 methoxy
1224.3/339.2 83 164 4 22:0 methoxy
1210.2/338.2 82 162 4 22:0 methoxy
1166.2/339.2 81 160 4 22:0 methoxy
1182.2/339,2 80 158 4 22:0 ‘methoxy
1168.2/338.2 79 156 4 22.0 methoxy
1164.2/339.2 78 154 4 22:0 methoxy
1140.2/338.2 77 152 4 22:0 methoxy
1126.1/338.2 76 150 4 22,0 methoxy
1112.1/339.2 75 148 4 22:0. methoxy
1098.1/339.2 T4 146 4 22:0 methoxy
1084.1/339.2 73 144 4 22:0 methoxy
1070.1/339.2 72 142 4 22.0 methoxy
1056.1/339.2 71 140 4 22:0 methoxy
1042.0/339.2 70 138 4 22:0 methoxy
1028.0/339.2 69 136 4 220 methoxy
1014.0/339.2 68 134 4 22:0 methoxy
1000.0/339.2 67 132 4 22:0 methoxy
986,0/339.2 88 130 4 22:0 methoxy
972.0/339.2 65 128 4 22:0 methoxy
...|958,0/339.2. ... .fcc.... B4 A28 AL L2200 e ....methoxy. ......
943.9/339.2 63 124 4 22:0 methoxy
929.8/338.2 62 122 4 22:0 methoxy
1350.4/311.2 92 182 4 20:0 methoxy
1338.4/311.2 91 180 4 20:0 methoxy .
1322.4/311.2 90 178 4 20:0 methoxy
1308.3/311.2 89 176 4 20:0 methoxy
1284.3/311.2 88 174 4 20:0 methoxy
1280.3/311.2 87 172 4 20:0 methaxy
1266.3/311.2 86 170 4 20:0 methoxy
1252.3/311.2 85 168 4 20:0 methoxy
1238.3/311,2 84 166 4 20:0 methaxy
1224.3/311.2 83 164 4 20:0 methoxy
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1210.2/311.2 82 162 - 4 20:0 methoxy
1196.2/311.2 81 160 4 20:0 methoxy
1182.2/311.2 80 158 4 20:0 methoxy
1168.2/311.2 79 156 4 20:0 methoxy
1184.2/311.2 78 154 4 20:0 methoxy
1140.2/311.2 77 162 4 20:0 methoxy
1126.1/311.2 78 150 4 20:0 methoxy
1112.1/311.1 75 148 4 20:0 methoxy
1098.4/311.2 74 148 4 20.0 methoxy
1084.1/311.2 73 144 4 20:0 methoxy
1070.1/311.2 72 142 4 20:0 methoxy
1066.1/311.2 71 140 4 20:0 methoxy
1042.0/311.2 70 138 4 20:0 methoxy
1028.0/311.2 69 136 4 20:0 methoxy
1014.0/311.2 68 134 4 20:0 methoxy
1000.0/311.2 67 132 4 20:0 methoxy
986.0/311.2 65 130 4 20:0 methoxy
972.0/311.2 85 128 4 20:0 methoxy
958.0/311.2 64 126 4 20:0 methoxy
943.8/311.2 63 124 4 20:0 methoxy
929.9/311.2 62 122 4 20.0 methoxy
1098.1/395.3 73 142 [} 26:0 dicarboxy
1084.1/395.3 72 140 5 26:0 dicarboxy
1070.,0/385.3 71 138 5 26:0 dicarboxy
1056.0/395.3 - 70 136 5 260 dicarboxy
1042.0/395.3 69 © 134 5 28:0 dicarboxy
1028.0/3956.3 68 132 5 26.0 dicarboxy
1014.0/395.3 67 130 5 26:0 dicarboxy
1000.0/395.3 66 128 5 26:0 dicarboxy
085,0/395.3 65 128 5 26:0 dicarboxy
971.9/395.3 84 124 5 26:0 dicarboxy
957.9/395.3 63 122 5 28:0 dicarboxy
943.9/395.3 62 120 5 26:0 dicarboxy
020,8/395.3 61 118 5 26:0 dicarboxy
915,9/395.3 60 116 5 26:0 dicarboxy

. {901.9/385.3 59 114 5 26.0 dicarboxy
887.8/305.3 58 112 5 26:0 dicarboxy
873.8/395.3 57 110 5 26:0. dicarboxy
859.8/395.3 56 108 | 5 26,0 dicarboxy
845.8/395.3 55 106 5 26:0 dicarboxy
831.8/395,3 54 104 5 26.0 dicarboxy
817.6/395.3 53 102 5 26:0 dicarboxy
803.7/395.3 52 100 5 26:0 dicarboxy
1098.1/367.3 73 142 5 24:0 dicarboxy
1084.1/367.3 72 140 § 24.0 dicarboxy
1070.0/367.3 71 138 5 24.0 dicarboxy
1066.0/387.3 70 136 & 24.0 dicarboxy
1042.0/367.3 69 134 5 24:0 dicarboxy
1028.0/367.3 68 132 5 240 - dicarboxy
1014.0/387.3 - 87 130 5 24:.0 dicarboxy
1000.0/367.3 66 128 5 24.0 dicarboxy
985,8/367.3 65 126 5 240 dicarboxy
971.8/367.3 64 124 5 24.0 dicarboxy
957.9/367.3 83 122 5 24.0 dicarboxy
943,9/367.3 62 120 5 240 dicarboxy
§29.8/367.3 61 118 .5 24:0 gicarboxy
915.9/367.3 80 116 5 24:0 dicarboxy
901.8/367.3 59 114 5 24:0 dicarboxy
887.8/367.3 58 112 5 24.0 dicarboxy

| BT B BIBBT B o] e B o f A O O g 240 e e ICAMDOXY e e vl b

8£9.8/367.3 56 168 5 24.0 dicarboxy
845.8/367.3 55 108 5 240 dlcarboxy
831.8/367.3 54 104 5 24:0 dicarboxy
817.8/367.3 53 102 5 24:0 dicarboxy-
803.7/367.3 52 100 5 240 dicarboxy
1088,1/338.2 73 142 5 22:0 dicarbaxy
1084.1/339.2 72 140 § 22:0 dicarboxy
1070.0/339.2 7 138 5 22:0 dicarboxy
1066.0/339.2 70 138 5 22:0 dicarboxy
1042.0/339.2 69 134 5 22:0 dicarboxy
1028.0/339.2 68 132 5 22:0 dicarboxy
1014.0/339.2 67 130 5 22:.0 dicarboxy
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1000.0/339.2 66 128 5 22:0 dicarboxy
985.9/339.2 85 126 .5 22.0 dicarboxy
971.9/339.2 64 > 124 5 22:0 dicarboxy.
957,9/339.2 : 83 122 5 22:0 dicarboxy
943.9/339.2 62 120 5 22:0 dicarboxy
929.9/339.2 61 118 5 22:0 dicarboxy
916.9/339.2 60 115 5 22:0 dicarboxy
901,9/339,2 59 114 5 220 dicarboxy
887.8/339.2 58 112 5 22.0 dicarboxy
873.8/339.2 57 110 5 22:0 dicarboxy
859.8/338.2 56 108 5 22:0 dicarboxy
845.8/339.2 55 106 5 22.6 dicarboxy
831.8/339.2 54 104 5 220 dicarboxy
817.8/339.2 53 102 5 22:0 dicarboxy
803.7/339.2 52 100 5 22:0 dicarboxy
1088.1/311.2 73 142 § 20:0 dicarboxy
1084.1/311.2 72 140 5 20:0 dicarboxy
1070.0/311.2 71 138 5 20:0 dicarboxy
1056.0/311.2 70 136 5 20:0 dicarboxy
1042.0/311.2 69 - 134 5 20:0 ) dicarboxy
1028.0/311.2 68 ) 132 5 20:0 dicarboxy
1014.0/311.2 67 130 . 5 20:0 dicarboxy
1000.0/311.2 86 128 5 20:0 - dicarboxy
986.9/311.2 65 126 5 20:0 " dicarboxy
971.8/311.2 64 124 5 2010 dicarboxy
957.9/311.2 83 - 122 5 20:0 dicarboxy
943,9/311.2 62 120 § 20:0 dicarboxy
920.9/311.2 61 118 & 20:0 dicarboxy
916.9/311.2 . 60 118 5 20:0 dicarboxy
901.9/311.2 59 114 5 200 dicarboxy
887.8/311.2 © b8 112 5 20:0 dicarboxy
873.8/311,2 57 110 5 20:0 dicarboxy
859.8/311.2 56 108 5 20:0 dicarboxy
845.8/311.2 55 106 5 20:0 dicarboxy
831.8/311.2 £4 104 § 20:0 dicarboxy
1817.8/311.2 53 102 5 20:0 dicarboxy
803.7/311.2 52 100 5 20:0 dicarboxy
909,9/297 .2 62 118 3 12.0 alpha
883.9/297.2 60 116 3 19:0 alpha
881.9/297.2 60 114 3 19:0 alpha
871.9/297.2 59 118 3 19:0 alpha
869.9/297.2 59 114 3 19:.0 alpha
867.9/297.2 59 112 3 18:0 alpha
856.6/297.2 58 112 3 18:0 alpha
853.8/297.2 58 110 3 19:0 alpha
843,9/297 2 57" 112 3 19:0 _alpha
841.8/297.2 57 110 3 19.0 alpha
839.8/297.2 57 . 108 3 19:0 alpha
827.8/297.2 56 108 3 18:0 alpha
825.8/297.2 56 106 3 19:0 alpha
815.8/297.2 55 108 3 18:0 alpha
813.8/297.2 55 106 3 19:0 alpha
811.8/297.2 §5 104 3 18:0 . alpha
801.8/297.2 54 106 3 19:0 alpha
799.8/297.2 54 104 3 19:0 . ‘ alpha
797.8/297 2 54 102 3 19:.0 alpha
f787.8/097.2 53 104 3 19:0 alpha
785,8/297.2 53 102 3 16:0 _ alpha
783.8/297.2 53 100 3 19:0 alpha
773.8/297 2 52 102 3 19:0 alpha
771.8/297.2 52 100 3 18:0 = alpha
750.8/297.2 51 100 3 19:0 alpha
757.71297 .2 51 98 3 18:0 alpha
745.7/2987.2 50 98 3 19:0 - alpha
743.7/297.2 50 96 3 19:0 alpha
733.7/297 .2 49 98 3 19:0 - alpha
731.7/287.2 48 96 3 16:0 alpha
719.7/297.2 48 96 3 19:0 alpha
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717.7/297.2 48 94 3 19:0 alpha
715.7/1297.2 48 92 3 19:0 alpha
705.7/297.2 47 94 3 19.0 alpha
703.7/297.2 47 92 3 19:0 alpha

. 701.7/297.2 47 .90 3 19:0 alpha
689.7/297.2 46 90 3 19:0 alpha
687.7/297.2 46 88 3 19:0 alpha
685.6/297.2 46 86 3 19:0 alpha
6§77.7/297.2 45 90 3 19:0 alpha
675.7/297.2 45 88 3 19:0 alpha
673.8/297.2 45 86 3 19:0 alpha
663.7/297.2 44 88 3 19:0 alpha
661.6/297.2 44 86 3 19:0 alpha
659.6/297.2 44 84 3 19:0 alpha
657.6/297.2 44 82 3 18:0 alpha
649.6/297.2 43 86 3 18:0 alpha
647.6/297.2 43 84 3 18:0 alpha
645,8/297.2 43 82 3 19:0 alpha
635.6/297.2 A2 84 3 16:0 alpha
633.6/207.2 42 82 3 19:0 alpha
831.6/297.2 42 B0 3 19.0 alpha
621.6/297.2 41 82 3 19.0 alpha
619.6/297.2 41 80 3 19:0 alpha
617.6/297.2 41 78 3 19:0 alpha
607.6/297.2 40 80 3 19:0 alpha
605.6/297.2 40 78 3 " 19:0 alpha
603.6/297.2 40 76 3 18:0 alpha
586.6/287.2 39 80 3 18:0 alpha
593.6/297.2 - 39 78 3 18:0 alpha
591.6/297.2 39 76 3 19.0 aipha
579,6/287.2 38 76 3 19.0 alpha
577.6/297.2 38 74 3 19:0 alpha
576.5/297.2 38 72 3 19.0 alpha
909.8/283.2 62 118 3 18:0 alpha
883.9/283.2 80 118 3 18:0 alpha
881,9/283.2 850 114 3 18.0 alpha
871.9/283,2 59 116 3 18:0 alpha
860.9/283.2 59 114 3 18:0 alpha
867.9/283.2 59 112 3 18:0 alpha
855.9/283.2 - 58 112 3 18:0 alpha -
853.8/283.2 58 110 3 18:0 alpha
843.9/283.2 57 112 3 18:0 alpha
841.8/283.2 57 110 3 18:0 alpha
839.8/283.2 . 57 108 3 18:0 alpha
827.8/283.2 56 108 3 18:0 alpha
825.8/283.2 56 106 3 18:0 alpha
815.8/283.2 &5 108 3 18:0 alpha
813.8/283.2 556 106 3 18:0 alpha
811.8/283.2 55 104 3 18:0 alpha
801.8/283.2 54 106 3 18:0 alpha
799.8/283.2 54 104 3 18:0 alpha
797.8/283.2 54 102 3’ 18:0 alpha

L 785:8/283.2 IR 3 SRRIME, ISR ) | IR PR T PR 1 20 EESIENTIRE I a!pha— [TDII A S
783.8/283.2 53 100 3 18:0 alpha
781.7/283.2 53 98 3 18:0 alpha
773.8/283.2 52 102 -3 18:0 alpha
771.8/283.2 52 100 3 18:0 alpha
759.6/283.2 51 100 3 18:0 alpha
757.7/283.2 51 98 3 18:0 alpha
745.7/283.2 50 98 3. 18:0 aipha
743.7/283.2 50 96 -3 18:0 aloha
733.7/283.2 49 98 '3 48:0 alpha
731.7/283.2 49 86 3 18.0 alpha
719.7/283.2 48 96 3 18:0 alpha
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717.7/283.2 48 94 3 18:0 alpha
715.7/283.2 48 92 3 18:0 alpha
7056.7/283.2 47 94 3 18:0 alpha
703.7/283.2 47 92 3 18:0 alpha
701.7/283.2 47 .90 3 18:0 alpha
839.7/283.2 46 90 3 18:0 alpha
687.7/283.2 46 88 3 18.0 alpha
685.6/283.2 46 86 3 18:0 alpha
677.7/283.2 45 90 3 18:0 alpha
675.7/283.2 45 88 3 18:0 alpha
673.6/283.2 45 86 3 18:0 alpha
663.7/283.2 44 88 3 18:0 alpha
661.6/283.2 44 86 3 18.0 alpha
659.6/283.2 44 84 3 18:0 alpha
859.6/283.2 44 84 3 18:0 alpha
649.6/283.2 43 86 3 18:0 alpha
647,6/283.2 43 84 3 18:0 alpha
8456,6/283,2 43 82 3 18.0 alpha
635.6/283.2 42 84 3 18.0 alpha
633.6/283.2 42 82 3 18:0 alpha
631,6/283.2 42 80 3 18:0 alpha
621.6/283.2 41 82 3 18:0 alpha
619.6/283.2 41 80 3 18.0 alpha
617.8/283.2 41 78 3 18:0- alpha
607.6/283.2 40 80 3 18:0 alpha
605.6/283.2 40 78 3 18:.0 alpha
603,6/283.2 40 78 3 18:0 alpha
506.6/283.2 39 . 80 3 18:0 alpha
593,6/283.2 - 39 78 3 18:0 alpha
589.6/283.2 39 74 3 18:0 alpha
579.6/283.2 38 78 3 18:0 alpha
577.8/283.2 38 74 3 18:0 alpha
575.5/283.2 38 72 3 18:0 alpha
909.9/281.2 62 118 3 18:1 alpha
883.9/281.2 80 118 3 18:1 alpha
881.9/281.2 60 114 3 18:1 alpha
871.,9/281.2 53 116 3 18:1 alpha
869.9/281.2 59 114 3 18:1 alpha
867.9/281.2 59 112 3 18:1 alpha
855.9/281.2 58 112 3 181 alpha
853.8/281.2 58 110 3 18:1 alpha
843.9/281.2 57 112 3 18:1 alpha
841.8/281.2 57 110 3 18:1 alpha
839.8/281.2 - 57 108 3 18:1 alpha
827.8/281.2 56 108 3 18:4 alpha
826.8/281.2 56 106 3 181 alpha
815.8/281.2 55 108 3 18:1 alpha
813.8/281.2 55 106 3 181 alpha
811.8/281.2 55 104 3 18:1 alpha
801.8/281.2 54 106 3 18:1 alpha
799.8/281.2 54 104 3 18:1 alpha
797.8/281.2 54 102 3 18:1 alpha
78782812 g3y o4 A g T8 | e gl
785.8/281.2 53 102 3 18:1 alpha
783.8/281.2 53 100 3 18:1 alpha
773.8/281.2 52 102 3 18:1 alpha
771.8/281.2 52 100 3 18:1 alpha
759.8/281.2 51 100 3 18:1 alpha
757.7/281.2 51 98 3 18:1 alpha
745.7/281.2 50 98 3. 181 alpha
743.7/281.2 50 86 3 18:1 alpha
733.7/281.2 49 98 3 18:1 alpha
731.7/281.2 49 96 3 18:1 alpha
719,7/281.2 48, 96 3 18:1 alpha
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717.7/281.2 48 94 3
715.7/281.2 48 92 3
705.7/281.2 47 94 3
703.7/281.2 47 92 3
701.7/281.2 47 90 3
680.7/281.2 46 90 3
687.7/281.2 46 88 3
685.6/281.2 48 86 3
677.7/281.2 45 90 3
675.7/281,2 45 88 3
673.6/281.2 45 86 3
663,7/281.2 44 88 3
661.6/281.2 44 88 3
859.6/261.2 44 84 3
657.6/281.2 44 82 3
649,6/281.2 43 86 3
647.6/281.2 43 84 3
645,6/281.2 43 82 3
£35.68/281.2 42 84 3
633.6/281.2 42 82 3
£31.6/281.2 42 80 3
621.6/281.2 41 82 3
619.6/281.2 41 80 3
617.6/281.2 41 78 3
607.8/281.2 40 80 3
605.6/281.2 40 73 3
603.6/281.2 40 76 3
595.6/281.2 39 80 3
593.6/281.2 39 78 3
581.6/281.2 39 76 3
579.6/281.2 38 76 3
577.6/281.2 38 74 3
575.5/281.2 38 72 3
909.9/269.2 62 118 3
883.9/269.2 60 116 3
881.9/269.2 60 114 3
871.9/269.2 59 116 3
869.9/269:2 59 114 3
867.9/269.2 59 112 3
855.9/269.2 - 58 112 3
853.8/269.2 58 110 3
843.9/269.2 57 112 3
841.8/269.2 57 110 3
839.8/269.2 57 108 3
827.68/269.2 58 108 3
825.8/269.2 56 106 3
815.8/269.2 55 108 3
813.8/269.2 §5 108 3
811.8/269.2 55 104 3
801.8/269.2 54 106 3 .
799.8/269.2 54 104 3
797.8/269.2 54 102 3
. '765:8/269,2"' R BTy b R -

783.8/269.2 53 100 3
781.7/269.2 53 98 3
773.8/269.2 52 102 3
771.8/269.2 52 100 3
759.8/269.2 51 100 3
757.7/269.2 51 98 3
745.7/269.2 50 98 3
743.7/269.2 50 96 3
733,7/269,2 49 98 3
731.7/269.2 49 96 3
719.7/269.2 48 98 3
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717.7/269.2 48 94 3 17:0 alpha
715.7/268.2 48 92 3 17:0 alpha
705.7/269.2 47 94 3 17:0 alpha
703.7/269.2 47 92 3 17:0 alpha
701,7/269.2 47 90 3 17:0 alpha
689.7/269.2 46 90 3 17:0 alpha
887.7/289.2 46 88 3 17:0 alpha
685.6/269.2 ‘46 86 3 17:0 alpha
677.7/269.2 45 90 3 17:0 alpha
675.7/269.2 45 88 3 17.0 aipha
673.6/269.2 45 86 3 17:0 alpha
663.7/269.2 44 88 3 17:0 alpha
661.6/269,2 44 86 3 17:0 alpha
659.6/269.2 44 84 3 17:0 aipha B
650.6/269.2 44 84 3 17:0 alpha
649.6/269.2 43 86 3 17:0 alpha
647.6/269.2 43 84 3 17:0 alpha
645,6/269.2 43 82 3 17:0 alpha
635.8/269.2 42 84 3 17:0 alpha
633.6/269.2 42 82 3 17:0 alpha
631.6/269.2 49 80 3 17:0 alpha
621.6/269.2 41 82 3 17:0 alpha
519.6/269,2 41 80 3 17:0 alpha
617.6/269.2 41 78 3 17:0 alpha
607.6/269.2 40 a0 3 17.0 alpha
605.6/268.2 40 78 3 17:0 alpha
603.6/269.2 40 76 3 17:0 alpha
595.6/269.2 39 80 3 17:0 - alpha
593.6/269.2 39 78 3 17:0 alpha
589.6/269.2 39 74 3 17:0 alpha
579.6/269.2 38 76 3 17:0 alpha
577.6/269.2 38 74 3 17:0 alpha
575.5/269.2 38 72 3 17:0 aipha
909.9/267.2 82 118 3 17:1 alpha
883,9/267.2 60 116 3 17:1 alpha
881.9/267.2 60 114 3 171 alpha
871.9/267.2 59 116 3 17:1 alpha
869.9/267.2 59 114 3 17:1 alpha
867.9/267.2 59 112 3 17:1 alpha
855,9/267.2 58 112 3 17:1 alpha
853.8/267.2 58 110 3 17:1 alpha
843,8/267.2 57 112 3 171 -alpha
841.8/267.2 57 110 3 17:4- alpha.
839.8/267.2 57 108 3 17:1 alpha
827.8/267.2 56 108 3 17:1 ajpha
825.8/267.2 56 106 3 17:1 alpha
815.8/267.2 55 108 3 17:4 alpha
813.8/267.2 55 108 3 17:1 alpha
811.8/267.2 55 104 .3 17:1 alpha
801.8/267.2 54 106 3 171 aipha
799.8/267.2 54 104 3 1724 alpha
797.8/267.2 . 54 102 3 17:1 alpha
785.8/267.2 53 102 3 17:1 alpha
783.8/287.2 53 100 3 17:1 alpha
773.8/1267.2 52 102 3 17:1 alpha

-{771.8/267.2 §2 100 3 17:1 . gipha
759.8/267.2 51 100 3 17:4 alpha
757.7i267.2 51 98 3 17:1 alpha
745.,7/267.2 50 98 3 17:1 alpha
743,71267.2 50 96 3 174 alpha
733,7/267.2 49 98 3 17:1 alpha
731.7/267.2 49 96 3 17:1 alpha
719.7/267.2 48 96 3 17:1 alpha
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747.7/267.2 48 94 3 17:1 alpha
715.7/1267.2 48 92 3 171 alpha
705.7/267.2 47 04 3 1741 aipha
703.7/267.2 47 92 3 171 alpha
701.7/267.2 47 90 3 17:1 alpha
680,7/267,2 46 90 3 17:1 alpha
£87.7/267.2 46 88 3 17:1 alpha
685.6/267.2 48 86 3 17:1 alpha
677.7/267.2 45 90 3 1711 alpha
675.7/267.2 45 88 3 17:1 alpha
§73.6/267.2 45 86 3 17:1 alpha
663,7/267.2 44 88 3 17:1 alpha
661.6/267.2 44 86 3 17:1 alpha
659.6/267 2 44 84 3 17:1 aipha
657.6/267.2 44 82 3 17:1 alpha
649,6/267.2 43 86 .3 17:1 alpha
647.6/267.2 43 84 3 17:1 alpha
645.6/267,2 43 82 3 171 alpha
635.5/267.2 42 84 3 17:1 alpha
633.6/267.2 42 82 3 17:1 alpha
631.6/267.2 42 80 3 17:1 alpha
621.6/267.2 41 82 3 1711 alpha
619.6/267.2 41 80 3 17:1 alpha
617.6/267.2 41 78 3 17:1 alpha
607.6/267.2 40 80 3 17:1 alpha
605.6/267.2 40 78 3 17:1 alpha
603.6/267.2 40 76 3 17:1 alpha
595,6/267.2 39 80 3 17:4 alpha
593.6/267.2 39 78 3 17:1 alpha
591.6/267.2 39 78 3 17:4 alpha
579.6/267.2 38 76 3 17:1 alpha
577.6/267.2 38 74 3 17:1 alpha
§75.5/267.2 38 72 3 17:1 alpha
909.9/255 2 62 118 3 16:0 alpha
883.8/255.2 60 118 3 16:0 alpha
881.9/255.2 80 114 3 16:0 glpha
871.9/255.2 59 116 3 160 alpha
869.9/255,2 ‘59 114 3 16:0 alpha
867.9/265.2 59 112 3 16:0 alpha
855,9/265.2 58 112 3 16:0 alpha
853,8/255.2 58 110 3 16:0 alpha
843.9/255.2 §7 112 a 16:0 alpha
841.8/265.2 57 110 3 16.0 - alpha
839.8/255.2 57 108 3 16:0 alpha
827.8/255.2 58 108 3 16:0 alpha
825.8/255.2 56 106 3 16:0 alpha
815.8/255.2 55 108 3 16:0 alpha
813.8/255.2 55 106 3 16:0 alpha
811.8/255.2 55 104 3 16:0 alpha
801.8/255.2 54 106 3 16:0 alpha
799,8/255.2 54 104 3 16:0 alpha
797.8/255.2 54 102 3 16:0 alpha .

- 1785:8/265:2 - - | B3 L Q2 e e Zo e R [ () LERRIEEEISVRSS PP '--a!phal- . PRI IS
783,8/265.2 53 100 3 16:0 alpha
781.7/255.2 53 98 3 16:0 alpha
773.81255.2 52 102 3 16:0 alpha
771.8/265.2 52 100 3 16:0 alpha
759.8/255.2 51 100 3 16.0 alpha

- 1757.7/255.2 51 98 3 16:0 alpha
745.7/255.2 50 98 3 16:0 alpha’
743,7/255.2 50 26 3 16:0 alpha
733.7/255.2 49 98 3 16:0 alpha
731.7/256.2 49 96 3 16:0 alpha
719.7/256.2 48 - 96 -3 16:0 alpha
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747.7/255.2 43 94 3 16:0 alpha
715.7/255.2 48 82 3 18:0, alpha
706.7/255.2 47 94 3 18:0 alpha
703.7/255.2 47 92 3 15:0 alpha
701.7/255.2 47 ‘90 3 16:0 alpha
689,7/2565.2 46 S0 3 16:0 alpha
637.7/255.2 48 88 3 16:0 alpha
685.6/255.2 - 46 86 3 16:0 alpha
677.7/255.2 45 90 3 16:0 alpha
675.7/255.2 45 88 3 16:0 alpha
673.6/255.2 45 86 3 16:0 alpha
663.7/255.2 44 88 3 16:0 alpha
661.6/255.2 44 86 3 16:0 alpha
659,8/255.2 44 84 3 16:0 alpha

1869.6/255.2 44 84 3 16:0 alpha
649.6/255.2 43 86 3 16:0 alpha
647.6/255.2 43 84 3 16:0 alpha
645.6/255.2 43 82 3 16:0 alpha
635.6/255.2 42 84 3 18:0 alpha
633,6/265.2 42 82 3 16:0 alpha
631,6/255.2 42 80 3 16:0 alpha
621.6/255.2 41 82 3 168:0 alpha
619.6/255.2 41 80 3 16:0 alpha
617.6/265.2 41 78 3 16:0 alpha
607.6/255.2 40 80 3 18:0 alpha
605.6/255.2 40 78 3 18:0 alpha
603.,6/265,2 40 76 3 16:0 alpha
595.6/256.2 39 80 3 16:0 alpha
593.6/255.,2 39 78 3 16:0 aipha
589.6/255.2 39 74 3 16:0 alpha
579.6/255.2 38 76 3 16:0 alpha
577.6/255.2 38 74 3 16:0 alpha
575.5/255.2 38 72 3 16:0 alpha
909,8/253.2 62 118 3 16:1 alpha
883.9/258.2 60 118 3 16:1 alpha
881.9/263.2 60 114 3 16:1 alpha
§71.9/253.2 59 116 3 16:1 alpha
869.9/253.2 59 114 - 3 16:1 alpha
867.9/253.2 59 112 3 16:1 alpha
855,9/253.2 58 112 3 161 alpha
853.6/253.2 58 110. 3 16:1 alpha
843.8/263.2 57 112 3 1601 alpha
841.8/253.2 57 110 3 16:1 alpha
839.8/253.2 57 108 3 161 alpha
827.8/253.2 56 108 3 16:1 alpha
B25,8/253.2 56 106 3 16:1 alpha
815.8/253.2 55 108 3 16:1 alpha
§13.8/253.2 55 106 3 . 161 apha
§11.8/253.2 55 104 3 16:1 alpha
801.8/253.2 54 106 3 16:1 alpha
799.8/253.2 54 104 3 18:1 alpha
797.8/253.2 54 102 3 16:1 alpha .

R R T, E ey ER T T e e
785.8/258.2 53 102 3 16:1 alpha
783.8/253.2° 53 100 3 16:1 alpha
773.8/253.2 52 102 3 16:1 alpha -
771.8/253.2 52 100 3 16:4 alpha--
759.8/253 2 51 100 3 16:1 alpha
757.7/263.2 51 98 3 16:1 alpha
745.7/253.2 50 08 3 16:1 alpha
743.7/253.2 50 96 -3 16:1 - alpha
733.7/253.2 49 98 3 16:1 alpha
731.7/253.2 45 96 3 16:1 alpha
719.7/253.2 ‘48 96 3 16:1 alpha
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717.7/263.2 48 94 3 16:1 alpha
715.7/253.2 48 92 3 1611 ‘alpha
705.7/253.2 47 94 3 16:1 alpha
703.7/253.2 47 92 3 1611 alpha
701.7/253,2 47 90 3 16:1 alpha
689.7/263.2 46 90 3 16:1 alpha
687.7/253.2 46 88 3 16:1 aipha
685.6/253.2 46 86 3 16:1 alpha
677.7/253.2 45 90 3 16:1 alpha
675.7/253.2 45 88 3 16:1 alpha
673,6/283.2 45 86 3 16:1 alpha
663.7/253.2 44 88 3 16:1 alpha
661,6/253,2 44 86 3 16:1 alpha
659.6/253.2 44 84 3 161 alpha
657.6/253.2 44 82 3 1611 alpha
§49.6/253.2 43 86 3 16:1 alpha
647.6/253.2 43 84 3 16:1 alpha
645.6/253.2 43 82 3 1611 - alpha
§35.6/253.2 42 84 3 16:1 ~alpha
633.6/253.2 42 _ 82 3 1611 alpha
631.6/253.2 42 80 3 16:1 alpha
621.8/253.2 41 82 3 16:1 alpha
619.6/253.2 41 80 3 16:1 alpha
647.6/253.2 41 78 3 16:1 alpha
607.6/253.2 40 80 3 18i1 alpha
605.6/253.2 40 78 3 16:1 alpha
603.6/253.2 40 76 3 16:1 alpha
585.6/253.2 38 80 3 16:1 alpha
593,6/253.2 39 78 3 16:1 alpha
591,6/253.2 39 75 3 16:1 alpha
579.6/253.2 38 76 3 16:1 alpha
577.6/253.2 38 74 3 16:1 alpha
575.5/253.2 38 -72 3 1614 alpha
909.9/241.1 62 118 3 15:0 alpha .
883.9/241.1 60 118 3 15:0 alpha
881.9/241.1 50 114 3 15:0 alpha
871.9/241.1 59 116 3 15,0 alpha
" 1869.6/241.1 59 114 3 15:.0 alpha

867.9/241.1 59 112 3 15.0 alpha
855.9/241.1 .68 112 3 15:0 alpha
B853.8/241.1 58 110 3 15:0 alpha
843.9/241.1 57 112 3 15:0 alpha
841.8/241.1 57 410 3 15:0 alpha
839.8/241,1 57 108 3 15:0 alpha
827.8/241.1 56 108 3 15:0 alpha
825.8/241.1 56 108 3 15:0 - alpha
815.8/241.1 55 108 3 150 alpha
813,8/241.1 55 106 3 15:0 alpha
811,8/241.1 65 104 3 15:0 alpha
801.8/241.1 54 106 3 150 alpha
799.8/241.1 54 104 3 15:0 alpha
797.8/241.1 54 102 3 150 alpha .
783.8/241.1 53 100 3 15:0 alpha
781.7/1241.1 53 98 3 15:0 alpha
773.8/241.1 52 102 3 150 - alpha - .

.. 774.8/24%1. . .} -..--52.._ 100 - .. .3 . 160, . ... e _..apha . ... .. R,

: 750.8/241.1 51 100 ‘3 15:0 alpha
757.7/1241.1 51 98 3 15:0 alpha
745.7/241.1 50 98 3 15.0 alpha
743.7/241.1 50 96 -3 15:0- alpha
733.7/241.1 49 98 3 15:0 alpha
731.7/241.1 49 96 3 15:.0 alpha
719.7/241.1 48 26 3 15:0 alpha
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717.7/241.1 48 94 3 150 alpha
715.71241.1 48 92 3 150 alpha
705.7/241.1 47 94 3 15:0 alpha
703.7/241.1 47 92 3 15:0 alpha
701.7/241.1 47 90 3 15:0 alpha
589.7/241.1 48 90 3 15:0 alpha
587.7/241.1 46 88 3 15:0 alpha
685,6/241.1 46 86 3 15:0 alpha
677.7/241.1 45 90 3 15:0 _alpha
675.7/241.1 45 88 3 15:0 alpha
673.6/241.1 45 86 3 15.0 alpha
663.7/241.1 44 88 3 15:0 alpha
661.6/241.1 44 86 3 15:0 alpha
659.6/241.1 44 84 3 15.0 alpha
559.6/241.1 44 84 3 15,0 alpha
649.6/241.1 43 86 3 15:0 alpha
647.6/241,1 43 84 3 15:0 alpha .
645.6/241.1 43 82 3 15:0 alpha
635.6/241.1 42 84 3 16.0 alpha
633.6/241.1 42 82 3 15.0 alpha
631.6/241.1 42 80 3 15:0 alpha
621.6/241.1 41 82 3 15:0 alpha
619.6/241.1 41 80 3 150 alpha
517.68/241.1 41 78 3 15:0 alpha
507.6/241.1 40 80 3 15:.0 alpha
805,6/241.1 40 78 3 15.0 alpha
803.6/241.1 40 76 3 15.0 alpha
595.6/241.1 39 80 3 15:0 ajpha
593.8/241.1 39 78 3 15:0 alpha
589,6/241.1 kL] 74 3 15:0 alpha
579.6/241.1 38 76 3 15.0 alpha
577.6/241.1 38 74 3 15:0 alpha
§75,5/241.1 38 72 3 15:0 alpha
909.9/239.1 62 118 3 15:1 alpha
883,9/239.1 60 116 3 1511 alpha
881.9/239.1 60 114 3 15:1 alpha
871.9/239.1 59 116 3 1511 alpha
869.9/239, 1 59 114 3 1511 alpha
867.9/239.1 59 112 3 151 alpha
855.9/239.1 58 112 3 15:1 alpha
863.8/239.1 58 110 3 1511 alpha
843.9/239.1 57 112 3 15:1 alpha
841.8/239.1 57 110 3 15:1 alpha
839.8/239.1 57 108 3 15:1 alpha
827.5/239.1 56 108 3 15:4 alpha
825,8/239.1 56 106 3 15:1 alpha
§15.8/239.1 55 108 3 15:1 alpha
813.8/239.1 55 106 3 15:1 alpha
811,8/239.1 55 104 3 151 alpha
801.8/238.1 54 108 3 15:1 alpha
799.8/239.1 54 104 3 16:1 alpha
797.8/239.1 54 102 3 15:4 alpha

S IEE p— Y PRI P e “slpha
785.8/239.1 53 102 3 15:1 alpha
783.8/238.1 53 100 3 1511 alpha
773.8/239.1 52 102 3 15:1 ajpha -
771.8/239.1 52 -400 3 1511 alpha
759.8/239.1 51 100 -3 15:1 alpha
757.7/239.1 51 98 3 15:1 alpha
745.7/239.1 50 983 3 15:1 alpha
743.7/239.1 50 95 3 15:1 alpha
733.7/239.1 49 98 3 15:1 alpha
731.7/239.1 49 36 3 15:1 alpha
719.7/238.1 48- 96 3 151 alpha
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717.7/239.1 48 94 3 15:1 alpha
715.7/239.1 48 92 3 151 alpha
705.7/239.,1 47 94 3 15:1 alpha
703.7/239.1 47 92 3 1511 aipha
701.7/239.1 47 . 90 3 15:1 alpha
689.7/239.1 46 90 3 15:1 alpha
687.7/239.1 46 88 3 15:1 alpha
685.6/239.1 46 86 3 15:1 alpha
677.7/239.1 45 90 3 15:1 alpha
675.7/239.1 45 88 3 15:1 alpha
673.6/239.1 45 86 3 15:1 alpha
663.7/239.1 44 88 3 15:1 alpra
661,6/239.1 44 86 3 15:1 alpha
659.6/239.1 44 84 3 151 alpha
657.81239. 1 44 82 3 1564 alpha
649.6/239.1 43 88 3 151 alpha
647.6/239.1 43 84 3 15:1 alpha
645.6/239.1 43 82 3 15:1 alpha
635.6/239.1 42 84 3 15:1 alpha
633,6/230.1 42 82 3 15:1 alpha
631.6/239.1 42 80 3 151 alpha
621.6/239.1 41 82 3 15:1 alpha
619.6/239,1 41 80 3 15:1 alpha
617.6/239.1 41 78 3 15:1 alpha
607.6/239.1 40 80 3 151 alpha’
805.6/239.1 40 78 3 15:1 alpha
603.6/239.1 40 76 3 15:1 aipha
595.6/239.1 39 80 3 15:1 alpha
£03.6/239.1 39 78 a 15:4 alpha
591.6/239.1 39 76 3 15:1 alpha
579.6/239.1 38 76 3 15:1 alpha -
577.6/238.1 38 74 3 161 alpha
575.5/239.1 38 72 3 14:0 alpha
909.9/227.1 62 18 3 14:0 alpha
883.9/227.1 60 116 3 14:0 alpha
881.9/227.1 60 114 3 14:0 alpha
871.9/227.1 59 116 3 14:0 alpha
869.9/227.1 59 114 3 14:0 alpha
867.9/227.1 59 142 3 14:0 alpha
855.9/227.1 58 112 3 14:0 alpha
853.8/227.1 58 110 3 14:0 alpha
843.9/227.1 57 112 3 14:0 alpha
841,8/227.1 57 110 3 14:0 alpha
839.8/227.1 - 67 108 3 14:0 aipha
827.8/227.1 56 108 3 14.0 alpha
825.8/227.1 58 106 3 14:0 alpha
815.8/227.1 55 108 3 14;0 alpha
813.8/227.1 55 106 3 14:0 alpha
811.8/227 1 55 104 3 14:0 alpha
801.8/227.1 54 1086 3 14.0 alpha
769.8/227.1 54 104 3 14:0 alpha
797.8/227.1 64 102 3 14:0 alpha
785.8/227.1 53 102 3 ©14:0 alpha
783.8/227.1 53 100 3 14:0 alpha
781.7/227.1 53 98 3 14:0 alpha
773.8/227.1 52 102 3 14:0 alpha
1774812274 52 -400- 3 14:0 alpha
759.8/227.1 51 100 3 14:0 alpha
757.7/227 1 51 98 3 14:0 alpha
745.7/227.1 50 98 3. 14:0 alpha
743.7/227.4 50 96 3 14:0 alpha
733,7/227.1 49 98 3 14:0 alpha
731.7/227 4 49 96 3 14:0 alpha
719.7/227 1 48, 96 3 14:0 alpha
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717.7/1227 1 48 84 3 14:0 alpha
715.7/227 1 48 92 3 14:0 alpha
705.7/227 1 47 94 3 14:0 alpha
703.7/227.1 47 92 3 14.0 alpha
701.7/227 1 A7 - 90 3 14:0 alpha
689.7/227 .1 46 90 3 14:0 alpha
687.7/227 1 46 88 3 14:0 alpha
685.6/227.1 46 86 3 14:0 alpha
677.7/227.1 45 90 3 14:0 alpha
675.7/227.1 45 88 3 14:0 aipha
673.6/227 1 45 86 3 14:0 alpha
663.7/227 .1 44 88 3 14:0 alpha
§561.6/227.1 44 86 3 14.0 alpha
659.6/227.1 44 84 3 14:0 alpha
659.6/227.1 44 84 3 . 14,0 alpha
649.6/227.1 43 86 3 14:0 alpha
847.6/227.1 43 84 3 14:0 alpha
645.6/227.1 43 82 3 14:0 alpha
635.6/227.1 42 84 3 14:0 alpha
633.6/227 14 42 82 3 14.0 alpha ]
631.6/227.1 42 80 3 14:0 alpha
621.6/227.1 41 82 3 14.0 aipha
619.6/227.1 41 80 3 14:0 alpha
617.6/227 1 41 78 3 14.0 alpha
607.6/227 1 40 80 3 14:0 alpha
605.6/227.1 40 78 3 14:.0 alpha
603.8/227.1 40 76 3 14:0 alpha
595.6/227.1 39 80 3 14:0 alpha
593,6/227.1 39 78 3 14:0 alpha
588.6/227.1 39 74 3 14:0 alpha
579.6/227 1 38 76 3 14:0 alpha
577.6/227 .1 38 74 3 14:0 alpha
575.6/227.1 38 72 3 14:0 alpha
909.9/225.1 62 118 -3 14:1 alpha
883.9/225.1 60 118 3 14:1 alpha
881.9/225.1 60 114 3 14:1 alpha
871.9(225.1 50 116 3 14:1 alpha
869.9/225.1 59 114 3 14:1 alpha
867.9/225.1 59 112 3 14:1 alpha
855.9/225.1 58 112 3 14:1 alpha
853.8/225.1 58 110 3 14:1 alpha
843,9/225 1 57 112 3 14:1 alpha
841.8/225.1 57 110 3 141 alpha
839.8/225.1 - 57 108 3 14:1 alpha
827.8/225.1 56 108 3 14:1 alpha
825.8/225,1 58 108 3 141 alpha
815.8/225.1 55 108 3 14:1 alpha
813.8/225.1 55 108 3 14:1 alpha
811.8/225.1 55 104 3 14:1 alpha
801.8/225.1 54 106 3 14:1 alpha
799.8/225.1 54 104 3 141 alpha
797.8/225.1 54 102 3 14:1 alpha
787.8/225.1 53 104 3 14:1 * alpha
785.8/225.1 53 102 3 14:1 alpha
783.8/225.1 53 100 3 14:1 aipha
773.8/225.1 52 102 3 14:1 alpha .
- 1771.8/226.1 52-- - - 100 -3 14:1 alpha-
759.8/225.1 51 100 3 14:1 alpha
757712251 51 98 3 14:1 alpha
745.7/225.4 50 98 3 - 14:1 alpha
743.7/225.1 50 96 3 14:1 alpha
733.7/1225.1 49 98 3 14:1 alpha
731.7/225.1 48 96 3 14:1 alpha
719.7/2251 48 . 95 3 14:1 alpha
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717.71225.4 48 94 3 14:1 alpha
715.7/225.1 48 92 3 14:1 alpha
705.7/225.1 47 94 3 14:1 alpha
703.7/225.1 47 92 3 14:4 alpha
701.7/225.1 47 90 3 14:1 alpha
689.7/225.1 46 90 3 14:1 alpha
687.7/225.1 46 88 3 14:1 aipha
685.6/225.1 46 86 3 1411 alpha
677.7/225.4 45 50 3 14:1 alpha
675.7/225.1 45 88 3 14:1 alpha
673,6/225.1 45 86 3 14:1 alpha
863.7/225.1 44 88 3 14:1 alpha
661.6/225.1 44 86 3 14:1 alpha
659.6/225,1 44 84 3 1411 alpha
657.6/225.1 44 82 a 1414 alpha
549.6/225.1 43 86 3 14:1 alpha
647.6/225.1 43 84 3 1411 alpha
645.6/225.1 43 82 3 14:1 alpha
635,6/225.1 42 84 3 14:1 alpha
633,6/225.1 42 82 3 14:1 alpha
631.6/225.1 42 80 3 14:1 alpha
621.6/225.1 41 82 3 14:1 alpha
619.6/225,1 44 80 3 1411 alpha
617.6/225.1 41 78 3 14:1 alpha
607.6/225.1 40 80 3 1411 alpha
605.6/225.1 40 78 3 1411 alpha
603.6/225.1 40 76 3 141 alpha
595.6/225.1 39 80 3 14:1 alpha
593.6/225.1 39 78 3 14:4 alpha
501.6/225.1 39 76 3 14:1 alpha
579.6/225.1 38 76 3 141 alpha
577.6/225.1 38 74 3 14:1 alpha
575.5/225.1 38 72 3 14:4 alpha
609.6/213,1 62 118 3 130 alpha
883,9/213.1 §0 116 3 13:0 alpha
881.9/213.1 60 114 3 13:0 alpha
871.9/213.1 59 16 3 13:0 alpha
869.9/213.1 59 114 3 13:0 alpha
867.9/213.1 59 112 3 13:0 alpha
856.9/213.1 - 58 112 3 13:0 alpha
853,8/213.1 58 110 3 13:0 alpha
843,9/213.1 57 112 3 13:0 alpha
841.8/213.1 57 110 3 13:0 alpha .
839,8/213,1 - 57 108 3 13:0 alpha
827.8/213.1 56 108 3 13:0 alpha
825,8/213.1 56 106 3 13:0 alpha
815.8/213.1 55 108 3 13:0 alpha
813.8/213.1 55 106 3 13:0 alpha
811.8/213.1 55 . 104 3 13:0 alpha
801.8/213.1 54 106 3 13:0 alpha
799.8/213.1 54 104 3 13:0 alpha
797.8/213.1 54 102 3 130 alpha
785.8/213.1 53 102 3 13:0 alpha
783.8/213.1 53 100 3 13:0 alpha
781.7/213.1 53 98 3 13:0 alpha
773.8/213.1 52 102 3 13.0 alpha

- |771:8/213.1 52 100 3 -13:0 - alpha
759.8/213,1 51 100 3 13:0 alpha
757.7/213.1 51 98 3 13:0 alpha
745.71213.1 50 98 3. 13.0 alpha
743.7/243.1 50 96 3 13:0 alpha
733.7/213.1 49 98 3 13:0 alpha
731.7/213.1 49 96 3 13:0 alpha
719.7/213.1 48. 98 3 13:0 alpha
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717.71213 1 48 94 3 13:0 alpha
715.7/213.1 48 92 3 13:0 alpha
705.7/213,1 47 94 3 13:0 ajpha
703.7/213.1 47 92 3 13:0 alpha
701.7/213.1 47 ‘90 3 13:0 alpha
689,7/213.1 46 80 3 13:0 alpha
687.7/213.1 46 88 3 13:0 alpha
685.6/213,1 46 86 3 13:0 alpha
677,71213.1 45 90 3 13:0 alpha
675.7/213.1 45 88 3 13:0 alpha ~
873.6/213.1 45 B6 3 13:.0 alpna
663.7/213.1 44 88 3 13:0 alpha
661.6/213.1 44 86 3 13:0 alpha
659.6/213.1 44 84 3 13:0 alpha
§59.6/213,1 44 84 3 13:0 alpha
648.6/213.1 43 88 3 13:0 alpha
647.6/213.1 43 84 3 13:0 _alpha -
645,6/213.1 43 82 3 13:0 alpha
635.6/213.1 42 84 3 13:0 alpha
633.6/213.1 42 82 3 13:0 alpha
631.6/213.1 42 80 3 13:0 alpha
621.,6/213.1 41 82 3 13:0 alpha
619.6/213.1 41 80 3 13:.0 alpha
617.6/213.1 41 78 3 13:0 alpha
607.6/213.1 40 80 3 13:0 alpha
605.6/213.1 40 73 3 13:0 alpha
603,6/213.1 40 76 3 130 alpha
595.6/213.1 39 80 3 13:0 alpha
593,6/213.1 33 78 3 13:0 alpha
589.6/213.1 39 74 3 13:0 alpha
579.6/213.1 3g 76 3 13:0 alpha
577.81213.1 38 74 3 13:0 alpha
575.5/213.1 38 72 3 130 alpha
909.9/199.1 62 118 3 12:0 alpha
883.9/199.1 60 116 3 12:0 alpha
881.9/199,1 60 114 3 12:0 alpha
871.9/199.1 59 118 3 12:0 alpha
869.9/199.1 59 114 3 12:0 alpha
867.9/199.1 59 112 3 12:0 alpha
855.9/199.1 58 112 3 12:0 alpha
853.8/199.1 58 110 3 12:0 alpha
843.9/199.1 57 112 3 12:0 alpha
841.8/199.1 57 110 3 12:0° alpha-
839.8/199.1 ' 67 108 3 12:0 alpha
827.8/168.1 56 108 3 12;0 alpha
825.8/199.1 58 108 3 12:0 alpha
815.8/199.1 55 108 3 12:0 alpha
813.8/199.1 55 106 3 12:0 alpha
811.8/199.1 55 104 3 12:0 alpha
801.6/189.1 54 106 3 12:0 alpha
799.8/199.1 54 104 3 12:0 alpha
797.8/199.1 54 102 3 12:0 alpha
767.8/199.1 53 104 3 12:0 alpha '
785.8/199.1 53 102 3 12:0 alpha
783.8/199.1 53 100 3 12:0 aipha
773.8/199.1 52 102 3 12:0 alpha - A
771.8/199.1- 52 - 100 3 12:0 alpha - C e
759.8/199.1 51 100 3 12:0 alpha
757.7/199.1 51 98 3 12:0 alpha
745.7/199.1 50 a8 3 12:0 alpha
743.7/109.1 50 96 3 12:0 alpha
733.7/199.1 49 8 3 12:0 alpha
731.7/199.1 49 96 3 12:0 alpha
719.7/199.1 48 - 96 3 12:0 alpha
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717.7/189.1 48 94 3 12:0 alpha
715.7/199.1 48 92 3 12:9 alpha
705.7/189.1 47 94 3 12:0 alpha
702.7/129.1 47 92 3 12:0 alpha
701.7/199.1 47 90 3 12:0 alpha
689.7/199.1 46 90 3 12:0 alpha
687.7/199.1 46 88 3 12:0 alpha
685.6/199.1 45 86 3 12:0 alpha
677.7/199,1 45 90 3 12:0 alpha
675.7/199.1 45 88 3 12:0 alpha
673.6/199.1 45 86 3 12:0 alpha
663,7/199.1 44 88 3 12:0 alpha
661.6/199.1 44 86 3 12:0 alpha
659.6/199.1 44 84 3 12:0 alpha
657.6/199,1 ‘44 82 3 12:0 alpha
649,6/199.1 43 86 3 12:0 alpha
647.6/199,1 43 84 3 12:0 alpha
645.6/199.1 43 82 3 12:0 alpha
635.6/199.1 42 84 3 12:0 alpha -
633.6/199.1 42 82 3 12:0 alpha
631,6/199.1 42 80 3 12:0 alpha
621.6/199.1 44 82 3 .12:0 aloha
619.6/199.1 41 80 3 12:0 alpha
617.6/199,1 41 78 3 12:0 alpha
607.6/199.1 40 80 3 12:0 alpha
605.6/199.1 40 78 3 12:0 alpha
603.6/199.1 40 76 3 12:0 alpha
595.6/199.1 39 a0 3 12:0 alpha
593.6/199.1 33 78 3 12:0 alpha
591,6/189.1 3g 76 3 12:0 alpha
579.6/199.1 38 76 3 12:0 alpha
577.6/199.1 38 74 3 - 12:0 alpha
575.5/199.1 38 72 3 12:0 alpha
909.9/197.1 62 118 3 12:4 alpha
883.9/197.1 " 80 116 3 1211 alpha
881,9/197.1 60 114 3 12:1 alpha
871.9/197.1 59 116 3 12:1 alpha
869,9/197.1 59 114 3 12:1 alpha
867.9/197.1 59 112 3 12:4 alpha
855.9/197.1 58 12 3 12:1 alpha
853.8/197.1 58 10 3 1211 alpha
843,9/197,1 57 112 3 12:1 alpha
841,8/197 1 57 110 a - 12:4 gipha
839,8/197.1 57 108 3 124 alpha
827.8/197.1 56 108 3 12:1 alpha
825.8/197.1 58 108 3 12:1 alpha
815,8/197.1 55 108 3 12:1 alpha
813.8/197.1 55 108 3 12:1 alpha
811.8/197 1 55 104 3 12:1 alpha
801.8/197.1 54 108 3 1211 alpha
799.8/197.1 54 104 3 12:1 alpha
797.8/197.1 54 102 3 12:1 alpha
785.8/197.1 53 102 3. 12:1° alpha
7683.8/197.1 53 100 3 12:1 alpha
781.7/197.1 53 98 3 12:1 alpha
773.8/197.1 52 102 3 12:1 alpha -

s 7708187 - ) - 62 100 3 - 12:1- - alpha
759.8/197.1 51 100 -3 12:1 alpha
757.7/197.1 51 98 3 12:1 alpha
745.71197 1 50 98 3 121 alpha
743.7/197.1 50 96 3 12:9 . alpha
733.7/197.1 49 98 3 12:1 alpha
734.7/197.1 49 96 3 12:4 alpha
719.7/187 1 48- 96 3 12:1 alpha
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717.7/197.1 48 94 3 12:4 alpha
715711971 48 92 3 12:1 alpha
705.7/197.1 47 94 3 12:1 alpha
703.7/197.1 47 92 3 12:4 alpha
701.7/197.1 - 47 -90 3 12:1 alpha
689.7/197.1 46 20 3 12:1 alpha
687.7/197.1 46 88 3 12:4 alpha
685.6/197.1 46 86 3 12:1 alpha
677.7/197.1 45 90 3 12:1 alpha
675.7/167.1 45 a8 3 12:1 “alpha
673.6/197.1 45 88 3 12:1 alpha
663.7/197.1 44 88 3 12:1 alpha
661.6/197.1 44 86 3 1211 alpha
659.6/197.1 44 84 3 12:1 alpha
659.6/197.1 . 44 84 3 12:1 alpha
649.6/197,1 43 86 3 12:1 alpha
647.6/197.1 43 84 3 12;1 alpha
645.6/197.1 . 43 : 82 3 12:1 alpha
635.6/197.1 42 84 3 12:1 alpha
633.6/197.1 42 82 3 12:1 . alpha
631.6/197.1 42 80 3 12:4 alpha
621.6/197.1 41 82 3 12:4 alpha
§19.6/197.1 41 80 3 12:1 alpha
617.6/197.1 41 78 3 12:1 alpha
607.6/197.1 40 80 3 124 ] alpha
805.6/187.1 40 78 3 12:1 alpha
603.6[197.1 40 76 3 12:1 alpha
595,6/197.1 38 80 3 12:4 alpha
503.6/197.1 39 78 3 1211 alpha
589.6/197 .1 39 74 3 12:1 : alpha
579.6/197.1 38 76 3 12:1 alpha
577.6/197.1 38 74 3 42:1 alpha
575.5/197 .1 38 72 3 12:1 alpha
909,9/185.1 62 118 3 14:0 . alpha
883.9/185.1 60 116 3 11:0 alpha
881.9/185.1 60 114 3 11:0 alpha
871.9/185.1 59 116 3 11:0 aipha
868,8/185,1 59 114 3 11:0 alpha
867.9/185.1 59 112 3 11:0 alpha
855.9/185.1 - 58 112 3 11:0 alpha
853.8/185.1 58 110 3 11:0 alpha
843.8/185.1 57 112 3 11:0 alpha
841.8/185.1 - 57 - 110 3 11:0° alpha
838.8/185.1 57 108 3 11:0 alpha
827.8/185.1 56 108 3 11:0 alpha
825,8/185,1 56 108 3 11:0 alpha
815.8/185.1 55 108 3 11:0 - alpha
813.8/185.1 55 106 3 11:0 alpha
811.8/185.1 55 104 .3 11:0 ] alpha
801.8/185.1 54 106 3 11:0 ) alpha
799.8/185.1 54 104 3 11.0 - alpha
797.8/185.1 54 102 3 11:0 alpha
787.8/185.1 53 104 3 11:0 alpha |
785.8/485.1 53 102 3 11:0 alpha
783.8/185.,1 53 160 3 11.0 alpha
773.8/185.1 52 102 3 11:.0 alpha
771.8/185.1 52 . - 100 -3 S110 - . aipha
759.8/165.1 51 100 3 11:0 alpha
757.7/185.1 51 98 3 11:0 - alpha
745.7/185.4 - 50 98 3 14:0 alpha
743.7/185.1 50 96 3 11:0 . alpha
733,7/185.1 © 49 98 3 11:0 alpha
731.7/185.1 © 49 96 3 11:0 alpha
719.7/185.1 48 . 96 3 110 . alpha
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717.7/1185.1 48 94 3 11.0 alpha
715.7/185.1 48 92 3 11:0 alpha
705.7/185.1 47 94 3 11:0 alpha
703.7/185.1 47 92 3 11:0 alpha
701.7/185.1 47 90 3 11:0 alpha
689.7/185.1 46 90 3 11:0 alpha
687.7/185.1 46 88 3 11:.0 alpha
685.6/185.1 45 86 3 11:0 alpha
677.7/185.1 45 80 3 11:0 alpha
876.7/185.1 45 88 3 11:0 alpha
673.6/185.1 45 86 3 11:0 alpha
663.7/185.1 44 88 3 11:.0 alpha
661.6/185.1 44 86 3 110 alpha,
659.8/185.1 44 84 3 11:0 alpha
657.6/185.1 44 82 3 11:0 alpha
649.6/185.1 43 86 3 11:0 alpha
647.6/165.1 43 84 3 11:0 alpha
645.6/185.1 43 82 3 11:0 alpha
635.6/185.1 42 B4 3 14:0 alpha
633,6/185.1 42 82 3 11:0 alpha
831.6/185,1 42 80 3 11:0 alpha
621.6/185.1 A1 g2 3 11:0 alpha
619.6/185 1 41 80 3 11:0 alpha
617.6/185.1 41 78 3 11:Q alpha
607.6/185.1 40 80 3 . 11:0 alpha
605.6/185.1 40 78 3 11:0 alpha
603.6/185.1 40 76 3 11:0 alpha
5985.6/185.1 39 30 3 11:0 . alpha
593.6/185.1 39 78 3 11:0 alpha
591.6/185,1 38 76 3 11:0 alpha
579.6/185.1 38 76 3 11:0 alpha
- |577.61185.1 38 74 3 11:0 alpha
575.5/185.1 38 72 3 11:0 alpha
908.9/171.1 82 118 3 10:0 alpha
883.9/171.1 50 118 3 10:0 alpha
881.9171.1 60 . 114 3 10:0 alpha
871.9/171.1 59 116 3 10:0 alpha
868.9/171.1 59 114 3 10:0 alpha
867.9/171.1 59 112 3 10:0 alpha
855.9/171.1 58 112 3 10:0 alpha
853.8/171.1 58 110 3 10:0 alpha
843.9/1171.1 57 112 3 10:0 alpha
841.8/171.1 57 110 3 10:0 - alpha
839.8/171.1 57 108 3 10:0 alpha
827.8/171.1 58 108 3 10:0 alpha
825.8/171.1 56 108 3 10:0 alpha
815.8/171.1 55 108 3 10:0 alpha
813.8M1711 55 108 3 10:0 aipha
811.8171.1 55 104 .3 10:0 alpha
801.8/171.1 54 108 3 10.0 alpha
799.8/171.1 54 104 3 10:0° alpha
797.8/171.1 54 102 3 10:0 alpha
785.8/171.1 53 102 3 10:0 alpha
783.8/171.1 53 100 3 10:0 alpha
781.7/171.1 63 - g8 3 10:0 alpha
773.8/171.1 52 102 3 10:0 alpha
o PP BAT A - - 82 - 100 - - 3 -10:0 - alpha. .
759.8/171.1 51 100 3 10:0 alpha
BICINAIAN 51 98 3 10:0 alpha
745711711 50 a8 3 - 10:0 alpha’
743.71171.1 50 96 3 10:0 alpha
733.71171.1 49" 98 3 10:0 alpha
731.7/171.1 49 96 3 10:0 alpha
718.7/171.4 48 . 98 .3 10:0 alpha
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717.7M71.1 48 94 3 10:0 alpha
715,71171.1 48 92 3 10:0 alpha
705.7/171.1 47 94 3 10:0 alpha
703.71171.1 47 92 3 10:0 ajpha
701.7M171.1 47 80 3 10:0 alpha
£89.7/171.1 46 90 3 10:0 alpha
687.7171.1 46 88 3 10:0 alpha
685.6/171.1 46 86 3 10:0 alpha
677.71171.1 45 90 3 10:0 aipha
675.71171.1 45 88 3 10:0 alpha
673.6/171.1 45 86 3 10:0 alpha
663.7/171.1 44 88 3 10.0 aipha
661.6/171.1 44 86 3 10:0 alpha
659.6/171.1 44 84 3 10:0 alpha
659.8/171.1 44 84 3 10:0 alpha
6549.6/171.1 43 86 3 . 10:0 alpha
647.6/171.1 43 84 3 10:0 alpha
645.6/171.1 43 82 3 10:0 alpha
635.6/171.1 42 84 3 10,0 alpha
633.6/171.1 42 82 3 10:0 alpha
631.6/171.1 42 80 3 10:0 alpha
621.6M171.1 41 82 3 10:0 alpha
619,6/171.1 41 80 3 10:0 alpha
617.6/171.1 41 78 3 10:0 alpha
607.6/171.1 40 80 3 10:0 aipha
605.6/171.1 40 78 3 10:0 alpha
603,6/171.1 40 76 3 10:0 alpha
595.6/171.1 39 80 3 10:0 alpha
593.6171.1 39 78 3. 10:0 alpha
5649.6/171.1 38 74 3 10:0 alpha
579.6/171.1 38 76 3 10:0 alpha

C{577.6M71.1 38 74 3 10:0 alpha
575.5/1171.1 38 72 3 10.0 alpha
409.4/283.2 26 50 3 18:0 alpha
409.4/283.2 26 50 3 18:0 alpha
437.4/283.2 28 54 3 18:0 alpha
439.4/283.2 28 656 3 18:0 alpha
463.4/283.2 30 56 3 18:0 alpha
465.4/283.2 30 58 3 18:0 alpha
467.4/283.2 30 50 3 18:0 alpha
481.5/283.2 31 82 3 18:0 alpha
491.4/283.2 32 60 3 18:0 alpha
493.5/283.2 32 82 3 18:0° alpha -
405.5/283.2 32 64 3 18.0 alpha
509.5/283.2 33 86 3 18:0 alpha
519.5/283.2 34 64 3 18:0 aipha
521,5/283.2 34 66 3 18:0 alpha
523,5/283.2 34 68 3 18:0 alpha
545.5/283.2 36 66 .3 18:0 alpha
547.5/283.2 36 68 3 18:0 alpha
549,5/283.2 36 70 3 18:0 alpha
551.5/283.2 36 72 3 18:0 alpha
400.4/281.2 26 50 3 18:1 alpha
408.4/281.2 26 50 3 1811 alpha
437.4/281.2 28 54 3 18:1 alpha
439.4/281.2 28 58 3 181 . alpha

- {463:4/284-2~ 30 - -56 -3 e 4B e e e . a[pha.... . e

465.4/281.2 30 58 3 18:1 alpha

" 1457.4/281.2 30 60 3 18:1 alpha
481.5/281.2 31 62 3 18:1 alpha
491.4/281.2 32 60 3 1811 alpha
483.5/281.2 32 82 3 18:1 alpha
495.5/281.2 32 64 3 1819 alpha
509.5/281.2 33 - 66 - 3. 18:1 alpha
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519,5/281.2 34 64 3 18:1 alpha
521.5/281.2 34 66 3 18:1 alpha
523,5/281.2 34 58 3 18:14 alpha
545,5/281.2 38 66 3 18:1 alpha
547.5/281.2 38 68 3 18:1 alpha
549.5/281.2 38 70 3 18:1 alpha
561.5/281.2 36 72 3 18:1 alpha
409.4/268.2 26 50 3 17:.0 alpha
409,4/269.2 26 50. 3 17:0 alpha
437,4/260.2 28 54 3 17:0 alpha
439.4/269.2 28 56 3 17:0 alpha
463,4/269.2 30 56 3 17:.0 aipha
465.4/269.2 30 58 3 17:0 alpha
467.4/269.2 30 60 3 17:0 alpha
481.5/269.2 31 62 3 17:0. alpha
491.4/269.2 32 60 3 17:0 _alpha
493.5/269.2 32 62 3 17:9 glpha
495,5/269.2 32 64 3 17:0 alpha
509.5/269.2 33 66 3 17.0 alpha *
519.5/268.2 34 64 3 17.0 alpha
521.5/269.2 34 66 3 17:0 alpha
523.5/269.2 34 . 68 3 17:0 alpha
545.5/269.2 36 86 3 17:0 alpha
547.5/269.2 36 68 3 17:0 alpha
540.5/269.2 36 70 3 17:0 alpha
551.5/269.2 38 72 3 17:0 alpha
409,4/255.2 26 50 3 16:0 alpha
409.4/255.2 26 50 3 16:0 alpha
437.4/255.2 28 54 3 160 alpha
430.4/256.2 28 56 3 16:0 alpha
463.4/255.2 30 56 3 16.0 alpha

1465.4/255.2 30 58 a 16:0 alpha
467.4/266.2 30 60 3 16:0 alpha
481.5/256.2 31 62 3 16:0 alpha
491.4/255.2 32 60 3 16:0 aipha
493.5/255.2 32 82 3 16:0 alpha
495.5/255.2 32 64 3 16:0 alpha
500,5/255.2 33 56 3 16:0 alpha
519.5/255.2 34 64 3 16:0 ‘alpha
521.5/255.2 34 66 3 16:0 alpha:
523.5/266,2 34 68 3 16:0 alpha
545.5/255.2 36 88 3 16:0 alpha
547.5/255.2 36 ] 3 16:0 zlpha -
549,5/255.2 36 70 3 16:0 alpha
551.5/255.2 ag 72 3 16:0 alpha
409.4/253.2 26 50 3 16:1 alpha
409,4/253.2 26 50 3 16:1 alpha
437.4/253.2 28 54 3 16:1 alpha
439.4/253.2 28 56 3 16:1 alpha
463.4/253.2 30 56 3 1611 alpha
485.4/263.2 30 58 3 16:1 alpha
467.4/253.2 30 60 3 16:1 alpha
481.5/253.2 39 62 3 161 aipha
491.4/253.2 32 80 3 16:1 alpha
493.5/253.2 32 82 3 16:1 alpha
495,5/253,2 ‘32 64 3 16:1 alpha

- - - |509:5/253:2 - 33 66 - -3 - 1611 alpha - oo o

519.5/253.2 34 64 3 16:1 alpha

" 1521.5/253.2 34 86 3 16:1 alpha
5§23.5/253.2 34 68 3 16:1 alpha
545,5/253.2 36 (5 3 16:1 alpha
547.5/253.2 36 58 3 16:1 alpha
549.5/263.2 36 70 3 1611 alpha
551.5/253.2 36 72 -3 16:1 alpha
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408.4/241.1 26 50 3 15:0 alpha
409.4/241.1 26 50 3 15:0 alpha
437.41241.1 28 54 3 15:0 alpha
439.4/241.1 28 56 3 15:0 alpha
463.4/241.1 30 56 3 15:0 alpha
465.4/241.1 30 58 3 16:0 alpha
467 4/241.1 30 60 3 15:0 alpha
481.5/241.1 39 62 3 15:0 alpha
491.4/241.1 32 50 3 15:0 alpha
493.5/241.1 32 82 3 15.0 alpha
495.5/241.1 32 64 3 15:0 alpha
509.5/241.1 33 66 3 15:0 alpha
519.5/241.1 34 64 3 15:0 alpha
521.5/241.1 34 66 3 15:0 alpha
523.5/241.1 34 68 3 15:0 alpha
545,5/241.1 36 66 3 15.0 alpha
547.5/241.1 36 88 3 15.0 alpha
549,5/241.1 36 70 3 15:0 alpha
551.5/241,1 36 72 3 15:0 alpha
409.4/227.1 26 50 3 14:0 alpha
409.4/227 .1 26 50 3- 140 alpha
437.4/227 1 28 54 3 14:0 alpha
439,4/227.1 28 56 3 14:0 alpha
463.4/227 .1 30 56 3 14:0 alpha
465,4/227 1 30 58 3 14:0 alpha
487.4/227.1 30 60 3 14:0 alpha
481.51227.1 31 62 3 14:0 alpha
491.4/227 .4 32 80 3 14:0 alpha
493.5/227.1 32 62 3 14:0 ajpha
495.5/227 .1 32 84 3 14:0 alpha
§00,5/227.1 33 68 3 14:0 alpha
519.5/227.1 34 84 3 14:0 alpha
521.5/227.1 34 868 © 3 14:0 alpha
523,5/227 .1 34 68 3 14:0 alpha
545.5/227.1 38 66 3 14:0 alpha
547.5/227.1 36 68 3 14:0 alpha
549.5/227.1 36 70 3 14:0 alpha
551.6/227.1 38 72 3 14:0 alpha
409.4/225.1 28 50 3 14:1 alpha
409.4/225.1 26 50 3 14:1 alpha
437.4/225 1 28 84 3 14:4 alpha
439.4/1225.1 28 56 3 14:1 alpha
463.4/225.1 30 56 3 14:1 alpha -
465.4/225.1 30 58 3 14:1 alpha
467.4/225.1 30 60 3 14:1 alpha
481.5/225.1 31 62 3 1411 alpha
491.4/225.1 32 60 3 14:1 alpha
493.5/225.1 32 82 3 14:1 alpha
495.5/225.1 32 84 .3 14:1 alpha
509.5/225.1 33 66 3 14:1 alpha
519.5/225.1 34 64 3 141 alpha -
524.5/225.1 34 66 3 14:1 alpha
529.5/225.1 34 68 3 14:1 alpha
545.5/225,1 36 35 3 141 alpha
547.5/225.1 36 68 3 14:1 alpha
549.5/225.1 36 70 3 141 " alpha

R A s P - 36 - - 72 -3 -4 - - .- aipha.
409.4/199.1 26 50 3 12:0 alpha
409.4/199.1 28 50 3 120 alpha
437.4/199.1 28 54 3 12:0 alpha
439.4/199.1 28 56 3 12:.0 alpha
463.4/199.1 30 56 3 12:0 alpha
465.4/199.1 30 58 3 12:0 alpha
467.4/199.1 30 - 50 -3 12:0 alpha
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481.5/199.1 31 62 3 12:0 alpha
491.4/198.1 32 60 3 12:0 alpha
493.5/199.1 32 62 3 12:0 alpha
495.5/199.1 32 64 3 12:0 alpha
509.5/199.1 33 ‘66 3 12:0 alpha
519.5/199.1 34 64 3 12:0 alpha
521.5/199.1 34 66 3 12:0 slpha
523.5/198.1 34 €8 3 12:0 alpha
545.5/189.1 36 66 3 12:0 aipha
547.5/19.1 36 68 3 12,0 alpha
549.5(199.1 36 70 3 12:0 alpha
551,5/199.1 36 72 3 12:0 alpha
400.4/197.1 26 50 3 124 alpha
409.4/197.1 26 50 3 12:1 alpha
437.4/197 .1 28 54 3 12:1 alpha
439.4/197.1 28 56 3 1211 alpha
483.4/197.1 30 56 3 12:1 alpha
465.4/187.1 30 58 3 12:1 alpha
467.4/107 1 30 60 3 12:1 alpha
481.5/197.1 31 62 3 12:1 alpha
491,4/197.1 32 50 3 121 alpha
483.5/197.1 32 62 3 12,1 alpha
495.5/197 1 32 64 3. 12:1 alpha
509.5/197.1 33 66 3 12:4 alpha
519.5/197.1 34 84 3 12:1 alpha
521.5/197.1 34 €6 3 121 alpha
523.5/197.1 34 68 3 12:1 alpha
545.5/197 .1 36 66 3 12:1 - alpha
547.5/197 .1 38 68 3 121 alpha
549,5/197 1 36 70 3 12:1 alpha
551.5/187.1 36 72 3 12:1 alpha
409.4/171.1 26 50 3 10:0 alpha
400.4/171.1 26 50 3 10:0 alpha
437.41171.1 28 54 3 10.0 alpha
439.4/171.1 28 56 3 10:0 alpha
463.4/171.1 30 56 3 10:0 alpha
466.4/171.1 30 58 3 10:0 -alpha
467 4M171.1 30 60 3 10:0 _alpha
481.6/171.1 31 82 3 10:0 alpha
481.4/171.1 32 60 3 10:0 alpha
483.5/171.4 32 62 . 3 10:0 alpha
485.5171.1 32 64 3 10:0 alpha
509.5/171.1 33 66 3 10:0 alpha
519.5/1171.1 34 64 3 10:0 alpha
521.5171.1 34 66 3 10:0 alpha
523.5/171.1 34 68 3 10:0 alpha
545.5/171.1 36 66 3 10:0 alpha
547.5/174.1 36 68 3 10:0 alpha
549.5/171.1 36 70 3 10.0 alpha
551.5/171.1 36 72 3 10:0 alpha
409.4/169.1 26 50 3 101 alpha
409.4/168.1 26 50 3 1011 alpha
437.4/169.1 28 54 3 1011 alpha
439,4/169,1 28 56 3 10:1 alpha
463.4/169.1 30 56 3 10:1 alpha
465.4/169.1 30 58 3 10:1 alpha
o e e |4B7.4/489.1 e B30 Y- N [T W T 1) - S

481.5/168.1 31 62 3 10:1 alpha

" [491.4/169.1 32 60 3 10:1 alpha
493.5/168.1 32 62 3 10:1 alpha
495.5/169.1 32 64 3 10:1 alpha
509.5/169.1 33 66 3 10:1 alpha
519.5/169.1 34 64 3 10:1 alpha
521.5/188.1 34 - 66 ) 10:1 alpha
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523.5/169.1 34 68 3 10:1 alpha
545.5/168.1 36 66 3 10:1 alpha
547.5/169.1 36 68 3 10:1 alpha
549.5/169.1 38 70 3 10:1 alpha
551.5/189.1 36 .72 3 10:1 alpha
408.4/143.1 26 50 3 8:0 alpha
409.4/143.1 26 50 3’ 8.0 alpha
437.4/143.1 28 54 3 8.0 alpha
439.4/143.1 28 56 3 8.0 alpha
463.4/143.1 30 56 3 8.0 alpha
465.4/143.1 30 58 3 8:0 alpha
467.4/143.1 30 60 3 8:0 alpha
481.5/143.1 31 62 3 8:0 alpha
401.4/143.1 32 60 3 8.0 alpha.
463.5/143.1 32 62 3 8:0 alpha .
485.5/143 1 32 64 3 8:0 alpha
509.5/143.1 33 68 3 8:0 alpha -
519.5/143.1 34 .64 3 8:0 alpha
521.5/143.1 34 65 3 8.0 alpha
523.5/143.1 34 68 3 8.0 alpha

) 545.5/143.1 36 66 3 8:0 alpha
547.5/143.1 36 68 3 8:0 alpha
549.5/143.1 36 70 3 8.0 alpha
551.5/143.1 36 72 3 8.0 alpha
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ESI/MS is performed on the test sample, and a profile is generated for a set

of mycolic acids in the test sample. The set of mycolic acids can include certain

mycolic acids selected from those set forth in Supplementary Table 1. If desired, the

entire group of mycolic acids of Supplementary Table 1 can be investigated;
alternatively, a subset can be investigated. In a preferred embodiment, a set of C26-
o-mycolic acids is investigated. In another preferred embodiment, a set of C24- a-
mycolic acids is investigated. ‘In yet another preferred embodiment, a set of C22- a-
mycolic acids is investigated.

In certain embodiments of the invention, the profile of the set of mycolic '
acids in the test sample is examined for a profile consistent with the presence of
C26-a-mycolic acids. The presence of C26-a-mycolic acids as shown by the profile
is indicative of the presence of Mycobacterium tuberculosis, and is therefore

diagnostic for an active tuberculosis infection in the individual from whom the test

sample was obtained.

In other embodiments of the inVention, the profile of the set of mycolic acids
in the test sample is compared to a profile of the set of the same mycolic acids ina
positive sample. A “positive sample,” as used herein, refers to a sample that is
known to contain Mycobacterium tuberculosis. Representative positive samples
include comparable positive samples (e.g., samples that are derived from the same
source (sputum, lung tissue) as the test sample) as well as positive samples that have
been artificially generated (e.g., a sample of Mycobacterium tuberculosis itself). If
the profile of the set of mycolic acids in the test sample is comparable to the profile
of the set of the mycolic acids in the positive sample, that is indicative of the
presence of Mycobacterium tuberculosis and thus of active tuberculosis infection A
profile that is “comparable” to another is a profile that shows the same characteristic
transitions specific for the majority (including, for exa.rhple, all) of the mycolic acids
in the set of mycolic acids.

The methods described above can be used to assess efficacy of treaﬁnent for
active tuberculosis infection in an individual. “Treatment,” as used herein, refers to
administration of a drug or other therapy in a dosage and for a length of time .
intended to eliminate infection with Mycobacterium tuberculosis. A test Sample

taken from an infected individual (an individual known to be infected with
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Mycobacterium tuberculosis) prior to treatment can be assessed, and the profile of

mycolic acids (e.g., of a set of C26-0-mycolic acids) can be compared to the profile

of those mycolic acids in a test sample taken from the same infected individual after

treatment. If the profiles remain comparable, that is indicative that the treatment
lacks efficacy or that continued treatment is necessary, as the presence of the same
profile of mycolic acids is indicative of the continued presence of Mycobacterium
tuberculosis. Alternatively, a test sample taken from an infected individual after
treatment can be assessed, and the profile of mycolic acids can be compared to the
profile of mycolic acids in a positive sample as described above. An absence of a
comparable profile-of mycolic acids in the test sampleb as compared to the profile of ‘
mycolic acids in the positive sample indicates that the treatment is efficacious, as the
absence of the sample profile is indicative of the absence of detectable

Mycobacterium tuberculosis. Conversely, the presence of a comparable profile of

‘mycolic acids in the test sample as compared to the profile of mycolic acids in the

positive sample indicates the continued presence of Mycobacterium tuberculosis,
and is indicative of a lack of efficacy of the treatment or of a need for continued
treatment. |

It is noted that although the description herein pertains to infection with
Mycobacterium tuberculosis, particularly in human individuals, that the methods are
also applicable to other forms of tuberculosis, such as Mycobacterium bovis in
cattle. Profiles can be generated for the pathogen of interest, and the methods

performed accordingly. -

Exemplification

Materials and methods

Growth conditions. All strains were grown in Middlebrook medium (Difco |
Laboratories Ltd., West Molesey, UK), supplemen_fed with 0.05% Tv_veeh 80 (v/v)
(Sigma) either on 7H10 agar slants or in 7H9 broth, at 37°C; M. uicerans was grbwn
at 30°C. Mycobacterium bovis BCG Pasteur (ATCC 35734) and M. tubefc_ulosis
strains (H37Ra, CDC1551, HN878, and W4) were cultivated in broth under rotating
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conditions (145 rpm) until the mid-logarithmic phase. Effects of different growth
conditions on MA profiles were evaluated by cultivating M. bovis BCG on agar as

well as in Dubos media using the Wayne model of hypoxic dormancy and were

found to be insignificant (Shui et al. J. Lipid Res 48:1976-1984 (2007)). The non-

tuberculous mycobacteria (NTM) strains MAC Q14, MAC M151, M. gordonae, M.
Sortuitum, M. simiae, M. kansasii, M. abscessus, M. chelonae, and M. xenopi were
grown on agar and kindly contributed by the Department of Microbiology at
National University Hospital, Singapore. Corynebacteria, Nocardia, and all other
mycobacterial species were cultivated as surface pellicles in broth and obtained from
the laboratory of mamadou Dafe and Marie Laneelle. NTM isolates-1 and -2 were -
obtained from expectorated sputum specimens (see below), grown on agar, and
provided as é kind gift by Kenneth Olivier (NIH, USA). |

Animal experiments. All animal work was approved by the NITD Animal Welfare

Committee (IUCAC 08-2008) and performed in compliance with national laws and

institutional policies. Five-week-old female Balb/C mice were divided into three
groups of ten animals each. Two groups were infected by intranasal inoculation
with 10? to 10° colony forming units (CFU) of M. tuberculosis Beijing W4. One of
these groups was treated with rifampicin daily (30 mg/kg body weight, a dose that is
curative and far below the LD50 (Jayaram et al., Antimicrob Agents Chemother
47:2118-2124 (2003)). The second group was treated with vehicle only (PBS
containing 0.25% carboxymethyl cellulose), and the third group was maintained as
an uninfected, vehicle-treated control group. Five weeks-post-infection, all mice
were terminally bled under anesthesia via retro-orbital sinus puncture. Lungs were
homogenized in PBS containing 1% triton X-100, and dilutions were plated for CFU
analysis. '

Clinical and Demographic Data of Participants. The 110 participants analyzed in
this study represent at least four ethnic backgrounds originating from different
geographical areas: the FIND study sites in the high-TB incidence countrieé of
Vietnam (n=82), South Africa (n=2), and Uganda _(h=16), and the NIH study site in
the mid-TB incidence region of South Korea (n=1 0) at the National Masan )
Tuberculosis Hospital. All FIND samples were acquired under local IRB a_pprovals'

and informed consent was obtained from all subjects. The Korean samples were
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collected under an IRB-approved clinical protocol to study multidrug resistant M.
tuberculosis (NCT00341601). Informed consent was obtained from all participants.
From both sites, individuals were at least 18 years old (average 36), and the male-to-
female ratio was 1:0.4.6.

Inclusion for enrollment was based on the presence of one or more clinical
symptoms of pulmonary TB (persistent cough for at least three weeks, abnormal
chest radiography, fever, night sweats, weight loss; or contact with an active TB
case). Suspicion of TB was verified by positive acid fast bacillus (AFB) staining,
solid culture and liquid culture using two consecutive sputum samples. For culture-
positive samples, speciation of the causative agent as MTB complex was performed-
using the Capilia method (Tauns Labofatories Inc., Japan). All individuals were
tested for HIV, and positive cases were serologically conﬁrméd. Participants from
the FIND study sites had been without anti-TB treatment for at least 60 days prior to

enrollment, whereas eight individuals from the Masan hospital were on anti-TB

A chcmothérapy at the time of specimen collection. All sputum samples were blinded

for MA extraction and analysis. Sputum was further collected from two smear-
positive patients with non-tuberculous mycobacteria (NTM) infections at the NIH
clinical Center in the US under an IRb-approved NIAID clinical protocol studying
atypical mycobacterial disease (NCT00018044). |

Sputum Processing. No sputum specimen was concentrated. Expeétorated sputum
specimens (0.2-5 mL) from NIH study sites were digested and decontaminated by
adding an equal volume of Sputasol solution (Oxoid Ltd., Basingstoke, UK),
incubated at room temperature for 20 min with occasional vortexing, divided into
aliquots, and stored at -80°C until MA isolation. Sputum specimen from FIND
study sites for MA extraction were neither digested nor decontaminated, but only
homogenized by vortexing with glass beads for 1 min, divided into 0.5 mL aliquots,
and stored at -70°C until MA isolation. |

For microscopy and culture using the MGIT system, sputum was
decontaminated using NALC-NaOH. Staining for‘ all smears was standard Ziehl-
Nielsen (=acid-fast blue) staining.v The smears were examined under brigh’; field

microscopy at a 400x magnification.
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Isolation of MAs from Bacteria, Human Sputum, and Mouse Lung Tissue. For MA

isolation, bacteria, human sputum, and mouse lung homogenates were treated with

chloroform/methanol (2: 1, v/v) and shaken overnight at 4°C to inactivate the

pathogens and extract free lipids. After separating the phases with water and
centrifuging at 9000 rpm for 2 min, the lower organic phase (containing free lipids)
was removed. To reduce ion suppression by phospholipids and hydrolyzed fatty
acids, a second delipidation was carried out by repeating these steps. The upper
aqueous phase was carefully removed, and the lower organic phase was collected
and pooled with that from the first extraction. The intermediate layer was
transferred to a fresh tube and dried. One volume of freshly prepared 20%
tetrabutylammonium hydroxide was added té the dried material to hydrolyze the
covalently linked MAs. The sample was vortexed thoroughly and heated for

saponification in an oven at 105°C for 2 hrs. After cooling and acidification by

“ adding ~50 uL of 12M HCI (desired pH ~4-5), 2 mL of hexane were added. The

sample was vortexed vigorously for 1 min and spun at 5000 rpm for 2 min. The
upper hexane layer was transferred to a fresh screw-cap tube, and the extraction was
repeated twice with an additional 2 mL of hexane each. The hexane layer from the
re-extraction was pooled with that from the first extraction and dried using a stream
of N, gas. '

HPLC/ESI/MS and Tandem ESI Analysis of MAs. HPLC/ESI/MS analysis of MAs
was carried out as described (Shui et al., J. Lipid Res. 48:1976-1984 (2007)).
Briefly, a Waters XTerra column (1 mm x 150 mm) was used to separate lipids.
Chloroform/methanol (1:1, v/v) with 5% of 300 mM piperidine (final concentration
15 mM) was used as the mobile phase for isocratic elution. The mass spectra were
acquired from m/z 400 to 1500 on a Waters Micromass QTOF. Typically, 2 pL of
sample were injected for analysis. MA profiles were obtained by combining QTOF
MS spectra during the MA elution period during column separation, as described
previously (Shui ef al,, J. Lipid Res. 48:1976-1984 (2007)). Tandem _MS of peaks
from HHPLC/ESI/MS for all 33 stains analyzed was carried out with collision

energies ranging from 40 to 80 volts.
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Multiple Reaction Monitoring (MRM)—based MS Analysis of MAs. An Applied
Biosystems Triple Quadrupole/Ion Trap mass spectrometer (4000Qtrap; foster City,

California, USA) was used for quantification of individual MAs. Extracted MAs

were resuspended in chloroform/methanol/200 mM piperidine (1:1:0.1, v/v/v) and
infused into the mass spectrometer with the same solution as the mobile phase at a
flow rate of 8 pL/min and measured in the negative ESI mode. Based on tandem
MS of ions obtained from HPLC/ESI/MS and precursor ion scans of fatty acyl head
groups, comprehensive sets of Mutliple Reaction Monitoring (MRM) transitions
were set up for quantitative analysis of MAs. The s1gnal intensity of each MRM
value was normalized to the total MA counts or an internal standard for quantltatlve
comparisons. A minimum number of 10 MRM transitions were acquired to obtain .
the averaged intensity. MRM transitions for mycobacterial mycolic acids were

separated into two individual methods with collision energies ranging from 75 to 85

“volts and 10 s of dwell time for each MRM transition. MRM transitions for

nocardiomycolic acids were separated into three individual methods with collision
energies ranging from 60 to 70 volts and 10 s of dwell time for each MRM
transition. MRM transitions for corynomycolic acids were run in a single method

with collision energies ranging from 35 to 42 volts and 10 s of dwell time for each

MRM transition.

Statistical Analysis. Concentrations of MAs extracted from human sputum and
mouse lung tissues from different disease states were compared stétistically. MA
measurements were found to be distributed non-hormally when employing a
Shapiro-Wilk test. Therefore, the nonparametric Mann-Whitney U test was used to
compare TB-infected individuals with non-TB controls, and the Dunn’s post-hoc test
was used to corhpare TB-infected, rifampicin-treated mice and uninfected mice.

Statistical analysis was carried out using GraphPad Prism.

Isotopic Correction. Due to the overlapping nature of pseudo-molecular ion peaks
of the species of interest with the M+2 isotope from another species that has a2 Da
lower mass, isotopic correction was required (Han, X. and Gross, R.W., Mass '

Spectrom Rev. 24:367-412 (2005)). Consider any MRM transition Txug, where M
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is the m/z of the parent and M, is the m/z of the daughter. Let the peak intensity of

this MRM transition be Iy, To perform isotopic correction, the correction factor

~ Z must be calculated to obtain the corrected intensity [y =z x [any . Assuming

that m, the total number of carbons in the transition Tar2/y, is much larger than 1
(Han, X. and Gross, R.W., Mass Spectrom Rev. 24:367-412 (2005)), the correction

factor Z is calculated as follows:

- = 1-6.05x10- m? (fa2y

Far

Clustering (Euclidean). Hierarchical cluétering was used to group samples that were
similar in MA profiles. The algorithm aims to group samples with the smallest

Euclidean distances. If we consider each sample as an object, a Euclidian distance

- metric is calculated between each pair of objects. The clustering algorithm looks for

the pair of objects that is separated by the shortest distance and groups them together
to form a new object. The distances between such newly formed objects are then
recalculated to form a new distance metric. These steps are ﬁerformed iteratively
until allv objects are merged to become a single object. To display the results, a
dendrogram consisting of U-shaped lines is drawn. The height of each U represents.
the distance between the objects. Hierarchical clustering was performed using the
pdist () function provided in MatLab (R2006a, The MathWorks, Natick, MA, USA)

with Fuclidean distance metric.

RESULTS

Targeted Analysis of MAs Using Electrospray Ionization Mass Spectronometry
(ESI/MS). We first used HPLC/ESI/MS (Shui et al. J. Lipid Res 48:1976-1984
(2007)) to profile MAs in 33 CMN (Corynebacterium-Mycobacterium-Nocardia)
organisms grown 7 vitro (see, for example, Mycobacterium tuberculosis Beijing
strain in Fig. 1A). differences in MA profiles between genera were easily observed
(Fig. 5), and allow for their identification. We next used tandem mass

spectronometry (MS/MS) and collision-induced dissociation (CID) to further
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characterize MAs in the 33 strains, revealing isobars with different lengths of alpha-

branch fatty acids and of meromycolates (Fig. 1B). For example, fragmentation of

~m/z 1,164, which corr_esponds to an altpha-MA with a molecular composition of

CyoH15603 which is present in many species of mycobacteria including M.
tuberculosis, yielded product ions corresponding to alpha-branch fatty acids with
different chain lengths: trace amounts of m/z 339 (Cp;.0), and m/z 367 (Caa) and
m/z 395 (Cag.) as the predominant acyl species (Fig. 1B). Based on such product
ion analysis, we established conditions for targeted analysis by multiple reaction '
monitoring (MRM). In MRM, a precursor ion of interest (e.g., m/z/1,108) is |
selected in the first mass analyzer of a tandem mass spectrometer and fragmented in
the collision cell, and a characteristic product ion (e.g., the acyl chain at m/z 367) is
then selected in the second mass analyzer. For example, an alpha-MA with an m/z

of 1,108 and a Cyqyo fatty acyl as the alpha-chain could thus be selectively monitored

using the transition pair 1,108/367 (Fig. 1C). A total of 1,942 such MRM transitions

speciﬁc for individual MA species were defined (Table S1) and used to determine
characteristic MA fingerprints of 33 CMN organisms (Fig. 1C). Synthetic C32 Ma
(Laval et al., Anal Chem. 73:4537-4544 (2001))with a MRM transition of 495/255
was used as an internal standard to determine limits of detection and to quantify
individual levels of various alpha-, keto-, and methoxy-MAs extracted from mouse
lung tissue and human sputum samples. This MRM-based approach provides
quantitative analysis that is very rapid (~2 min analytical time per sample, though
this does not take into account sample preparation) and sensitive (limit of detection,
LOD ~1 pg of mycolic acid extracts, an ~100-fold increase over existing methods
(Shui et al. J. Lipid Res 48:1976-1984 (2007)).

In a next step, we investigated if mycolic acids can be extracted and analyzed
directly from sputum samples from tuberculosis (TB) pétients. While no mycolic
acid signal could be measured in sputum from non-TB contro] patients, a nqmber of
mycolates were extracted from TB patient’s sputum (Fig.. 1D). Note that the
lengths of MA extracted from bacterial cultures (Fig. 1A) differ from MA extracted
from sputum (Fig. 1D), with the major alpha-MA in culture being m/z 1,136, but

nv/z 1,164 in sputum. A similar trend of acyl lengthening can be observed for
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methoxy-MA m/z 1,252 (culture) to m/z 1,280 (sputum) and keto-MA m/z 1,236
(culture) to m/z 1,264 (sputum) Fig. 1A, 1D, and data not shown).

We further determined the minimum number of bacterial cells necessary for

our Ma detection approach, by performing a spiking experiment with a serial

dilution of M. tuberculosis cells added to non-TB sputum as well as culture medium.
In sputum, around 10,000 cfu were sufficient to detect bacteria based on their MA
signal (signal to noise ratio, S/N=3). A linear increase in MA levels was observed
with increasing numbers of bacterial cells, for both sputum and medium. In extracts
from medium, MA signals were slightly higher than in extracts from sputum, which
was probably due to MA extraction efficiency or ion suppression effects caused by —

the complex matrix of this body fluid (Fig. 1E).

Quantitative Analysis of MAs as a Diagnostic Marker for Tuberculosis Infection.

Usiing a blinded format, we conducted a retrospective, multicenter, case-control

study of 70 patients with pulmonary tuberculosis (TB) with varying disease burdens

and‘40 non-TB controls (individuals with clinical symptoms of TB who were
diagnosed as non-TB by culture). For both groups, the HIV status and bacterial |
burden were known (Fig. 2A). Strikingly, robust alpha-, keto-, and methoxy-MA
signals were detected in as little as 200 pL of sputum from TB patients (Fig. 2B).
This was too small of a sample volume for detecting MAs with alternative methods
(Shui et al. J. Lipid Res 48:1976-1984 (2007)). Further, the concentration of major
MAs detected in sputum obtained from TB-infected individuals was significantly
(~100 times) higher than in samples from non-TB controls (Fig. 2C). As shown in
Fig. 2E, we classified 66 out of the 70 TB patients correctly as TB positive (“true
positives”) and 37 out of 40 non-TB controls correctly as non-TB (“true negatives”).
Three were falsely classified as TP positive (“false positives”) and four were falsely
classified as non-TB (“false negatives™). Using these data, we calculated a statistical
sensitivity of 94% and a specificity of 93% (sensitivity: number of true positives
divided by the sum of true positives and false neggﬁives; specificity: number of true
negatives divided by the sum of true negatives and false positives) and even slightly

better values for the HIV positive individuals alone (Fig. 2F )
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Careful inspection of the data obtained for each of the 110 participants
showed that individual molecular species varied in their power to differentiate
between non-TB controls and TB patients. Receiver operating characteristic (ROC)
curves were computed to compare classifying characteristics of individual MA
species (Fig. 2D). MAs with (i) C26 alpha-branches, rather than those with C24 and
C22 branches (Fig. 2C, 2D, and data not shown), and (ii) alpha-MAs, rather than
oxygenated MAs such as methoxy-MAs or keto-MAs (Fig. 2D, Fig. 4), were best
suited for diagnostic purposes. Alpha-MA CgoH;s603 (m/z 1,164/395, Fig. 1B)
provided the best accuracy in our study population, yielding an area under the ROC
curve of 0.94 for classification as TB/non-TB (Fig. 2D). Thus, this sensitive ‘
targeted MS analysis allowed for robust detection of MAs from minimally
processed, srﬁall—volume sputum extracts. The large‘ number of MAs included in the
list helped identify those MAs present in clinical samples.

| We next evaluated the possibility of using the full profiles of mycobacterial

MAs, rather than individual MAs such as C26 alpha-MA, for diagnostic

classification. This approach was based on the assumption that MA profiles of
bacterial species grown in vitro reflect those found in sputum extracts. We used |
Euclidean cluster analysis to group mycobacterial strains according to similarities in
their MA profiles. Strikingly, all sputum profiles analyzed (four representative
samples are shown in Fig. 14) fell within the M. fuberculosis (MTB) cluster. We
further analyzed MAs from two clinical non-tuberculous mycobacterial (NTM)
isolates (NTM isolate-1 and -2) and one corresponding sputum sample NTM
sputum-2).. NTM isolate-1 was characterized as M. avium complex (MAC) by
sequencing the 16S rRNA and rpoB regions (data not shown). Interestingly, the MA
profile of NTM isolate-1 was closest to those of MAC M151 and MAC Q14 in our
analysis. NTM isolate-2 was characterized as M. massﬂiense, a rapidly growing
mycobacterium that is indistinguishable from M. chelonae/M. abscessus with partial
16S rRNA gene sequencing (Simmon et al., J. Clin. Microbiol. 45 :1978-1980
(2007)). MAs from both M. chelonae and M. abscessus were proﬁledvin this study
and were found to be most similar to NTM isolate-2 and the corresponding sputﬁm

(NTM sputum-2). Thus, in addition to indicating TB infection (Fig. 2), the_ above
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results demonstrated that MA profiles allow for classification of the infecting
mycobacteria (Fig. 14).

| HIV co-infection is a complicating factor in TB diagnostics using assays that
rely on immunological readouts, such as interferon-gamma release. However, an
approach that directly monitors bacterial factors such as MAs, should not be
influenced by such complications. We examined the effect of co-infection with HIV
by comparing the predictive power of MA signals for both the complete set of 110
samples (Fig. 2E) and the 39 HIV-positive patients only (Fig. 2F). Sensitivities and
specificities were very comparable, indicating that this approach is not impaired by

HIV co-infection.

MAs as Markers for Drug Efficacy in a Controlled Laboratory Experiment. The
majority of the study subjects (those from the FIND studies) had not received anti-

~ TB chemotherapy for at least 60 days prior to enrollment. Eight of the ten Korean

patients had received combination therapy with first- and second-line drugs for more
than a month at the time of specimen collection, but remained sputum positive (two
of these were MDR patients). We did not observe differences (either qualitative.or
quantitative) in MA profiles between individuals who received anti-TB
chemotherapy and those who did not within this limited number of patients.

To evaluate our method for monitoring drug efficacy, we measured MAs in
lung-tissue of mice infected with M. ﬁtberculosis. These animals are routinely used
in pre-clinical studies fot development of novel treatments against TB. One
commonly used marker for drug efficacy is body weight, which is only indirectly
related to TB infection. The signatures of major MAs in mouse lung (Fig. 3A) were
very comparable to those observed in human sputum'samples (Fig. 2B). The
bacillary burden of these mice as assessed by colony fdnning units (dfu) in their
lungs was 15.2 x 10° on average (as assessed in 5 out of the 10 animals test¢d for
MA levels). We also measured MA levels in TB-infected mice that had been treated
with the bactericidal antibiotic rifampicin (30 mg/_kg body weight for four weeks),
after which the mice were cured of TB (no detectable cfu in the lungs) Jayaram et
al., Antimicrob Agents Chemother. 47:2118-2124 (2003)). Impressively,A'the MAs in

lung tissue of treated mice were signiﬁcantly reduced compared to untreated mice,
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indicating that MAs were effectively cleared at some point during the four-week

treatment (Fig. 3B). Thus, direct monitoring of pulmonary MAs can be used to

 differentiate TB-infected mice from healthy ones.

DISCUSSION

The experiments herein have identified a subclass of MAs extracted directly
from patients’ sputum and mouse lungs, which can be used as a diagnostic marker
for acute TB infection. The MA signal clearly differentiates these active TB
samples frbm non-active or cured TB, as no MA (apart from three false positive |
samples) were detected in our non-TB control group (suspected TB patients) or in ‘
rifampicin-treated mice. Non-oxygenated MAs with C26 acyl moieties in their
alpha-branch best classified active versus non-active TB. The rapid and direct

measurement of distinct bacterial components described herein yields high

sensitivity and selectivity in poorly defined heterogenous biological material

(sputum and lung tissue); furthermore, because no culturing was required, the
method was quick and safe, and sample preparation was simple and required no
chemical derivatization, thus simplifying sample preparation and handling. Thev
approach was feasible for four ethnicities and Varying disease burdens.

A comparison of the described method to the acid fast bacilli (AFB) smear
indicated that heavy burden cases (i.e., smear ++ and +++) were detected with equal
accuracy by our method (100%; 15/15 smear ++ and 7/7 smear +++). Almost
identical detection (97.5%) was seen with smear + cases (39/40). In more difficult
cases in which the smear results were unclear (sinear scanty) or negative (smear
negative/culture positive), the methods herein were able to identify positive TB
case.s from % (75%) of scanty smear results and Y& 925%) smear negative/culture
positive results (Fig. 2C), indicating that MA analysis i‘s an important development
leading to better detection of TB in particularly critical subset of cases which are
typically released without treatment and thus pose a risk for disease dissemination.

The false negatives detected with this approach could be explained by limits
in extraction efficiency and instrument sensitivity. To evaluate further the powér of
this method in these borderline cases, we analyzed sputum éamples from an '

additional 50 smear negative/cultilre positive subjects as replication cohort. These
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subjects all produced two consecutive smear negative sputa, which were

subsequently diagnosed as TB positive by liquid culture. Three of these 50 subjects

~ (6%) were detective positively with the described method, indicating that the results

are superior to AFB staining. Further adjustments to improve sensitivity may
include enhancement of mycolic acid extraction efficiency (e.g., novel extraction
approaches based on solid phases or supercritical fluid extraction) or increased
analytical sensitivity (e.g., improved ionization sources and ion funnels).

The false-positive cases remained false positive after re-sampling and re-
measuring banked specimens. |

C26 alpha-MA was sufficient to differentiate between active and non-active
TB. The inclusion of all mycobacterial MA added specificity to the approach and
allowed for additional classification based on MA profiles (Fig. 14). Patients

infected with non-tuberculous mycobacteria (NTM) could be clearly distinguished

from those infected with TB using cluster analysis of MA patterns. Differentiation

between MTB and NTM infection can be important because markedly different
chemotherapeutic regimens are used to treat these infections. Current technologies
that differentiate between these infections and provide species identification rely ‘on
culture and DNA arﬁpliﬁcation of species-specific sequences, leading to a delay of
up to 6-8 weeks before information needed for patient care is obtained (Garcia-
Quintanilla, A. et al, J. Clin. Microbiol. 40:4646-4651 (2002); Shrestha, N.K. et al,
J. Clin. Microbiol. 41:5121-5126 (2003); Bruijnesteijn van Coppenract, E.S. et al,
J. Clin. Microbiol. 42:2644-2650 (2004); Marris, E., Nat Med. 13:267 (2007))).

' The techniques described herein provide apowerful new approach to
monitor subtle differences in MA structure that may be important for pathogenicity.
Thus, the methods are applicable to basic chemistry and biology of MAs (e.g.,
biosynthesis and transport) and their immunology (e.g.,l CD1-mediated activation of
T cells) as well. Furthermore, they will be useful for longitudinal testing of large
numbers of specimens for drug efficacy and prediction of relapse. In additioﬁ,
although the approach requires certain specialized équipment, such analysis can be
feasible because of the increased technical capabilities of reference laboratories in
areas with endemic TB infections. MAs are inert and stable'during sampling, even

at tropical temperatures and during storage for extended periods of time.
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Importantly, direct detection of bacteria-derived molecules circumvents the need for

indirect readouts from immunological tests, which may be difficult to interpret in

patients with multiple infections and compromised immune functions (e.g., elderly

or HIV positive patients). With up to 50% of HIV positive patients succumbing to
TB in some geographic areas, it is crucial that diagnostic tools such as the one
described herein accurately detect TB in both HIV negative and HIV positive
individuals. _ '

Table S2 shows clinical and demographic data of study participants.
Individuals were claffied as having pulmonary TB based on clinical examination, '
some with additional sites of MTB infection, or concomitant disease other than lung
or heart disease, such as AIDS-deﬁncd illnesses and diabetes. For the replication
cohort (smeaf negative, culture positive), results of the two consecutive liquid
culture results are given.. Abbreviations: Prev. Tx, previous TB treatment; AB in

pést 8w, antibiotic treatment in past 8 weeks; N.A., not applicable; N.D., not

determined; NK, now known; SS+, smear and culture positive; S-C+, smear

negative, culture positive; TN, true negative; TP, true positive; Antibiotics: H,
isoniazide; R, rifampicin; E, ethambutol; Z, pyrazinamide; S, streptomycin; K,
kanamycin; P, p-aminosalicylic acid; T, prothionamide; C, cycloserine; Lf,

levofloxacin; Mf, moxifloxacin.



PCT/SG2012/000034

51

dif  +S§] Ban{xaldwoo g1N §0d hid 4 0H9 ‘ ‘fesnald Ewcosﬁmﬂmwmu__cmmﬂ AW > x i
di 488 Bap Jxsidwios g1y 80q +Z| +2! oN ‘resnaid .choE?mwwMW:u_tMM t Aeresepon o ™ bl K ,m i
dL +S8 Ban [xeidioo gL sod +£ +€ ON ‘esnatd .En:o_ssm_wﬁ%.n”__._mw._ﬁ_. At o oz i e B i
dil  +ss|  BeNfedwoo g1 sag 6> 4 oLoz ‘enad .agzs:%_w_ﬂ_c mm i o it N e i il
ai|  +ss| " Benpreidwod aln “od | el oot 00 TARIA oN N} ONp €E) WIemOA| oz
dl 489 BaN [xsidwon gL sod +*Z + ON ‘reanold .aaSE_:mwﬁ_“”__M.n_, wAsespon N ™ i s e
di +SS s0d [¥e(dwoo a1 50d g +Z ON ‘femeid .bm:oE_:%M_anv_w__wN W isiopon o sav i B e it
1% 489 BN xeidwod a1 $0d AC IR N Yeunayd .amcs_h:mﬂ,_mﬁu‘_t MH il Anesepoiy n ™ i it e o
o] «.wm mwz xe1dwod 81N 80d + + OE/0E| ‘feineid ém:ossﬁﬁﬁu__.cm, 1L otesepon n ™ b i
dl 43S Ban [xaidwos 1w sod 46+ ON fenad émccE__._mﬁ_\w__e_wmt MM e Aemeizpo o ™ i i e
o1 +SS Bap xaidwod g LN sod +g| o+ ON Yfensid émcos_:mw_\ﬂ%ﬁm " am.w_%oz N - M| A
i +88 BaN {xeidwos g1in sod +£ 42| oN teinajd .awcg_:ﬁﬂwﬂ_cm fi Aooio oN N il Mt T i
dL +SS Bon [xeidwos gL sod B B on ‘leina|d .EEE_:%&H_:MN, # Reizsepoy N ™ i i B i
di| +8S Ben |xaidwoo g1 s0d 2]+l ON “fesned Eﬂ..ae_:%_mm_cﬂ WAeiepol N N il M e i Wl
dL 4SS Ga [xajdwoo g1 sod +2]  +2 aL/ol ‘mineid .bmcoE_:M__w_w_wwvm__. H_. W Anaizpoiy o oo i Wt i M
di +88 BoN [xadiwios gL 80d +Z) + s ‘fedneid .am:aE_zmw_w_”ﬂ_cH 1t Asiesepony o SRema M| 9 wpen °
di| 438 o [xaidiwoo &1 sod L B /04 rIneid .emcoézmv.»_ox__. mH (t reiepon N - i I s
dl| +88 BaN [xaiduioo 81w s0d €+ oLl ‘teuneid .aucoE_:%ﬁ“_tMM s Kersopon ™ ™ it e o
di +5S Ba [xeicloo gL sod A4 Y sker ‘lene|d .amcosiﬁﬁwﬂw MM, WE Aetscpoi o o i Wt i I
dl +8S. Bon[xeiduios gL sog +z] o+l [{1%4 ‘rinaid .».m:ae_:%_w_ﬁ%mm Wt Rasapon | o x i i el i ¢
di +8§ Bep {xoiduion g1 sod L IR oe/ok ‘renaid ém_.se_:%ﬁﬁu__c H 1 erespom oA o i e
dlL +58 Bap {xsidites gL sod L oot asmald .rmcogam_mm.-_wmw_mm.ﬂ, i Aere2opon =4 ™ i I i T
I I I P o R N oot ueoun ...M__w_w_.omd_tmm, 1t Aipesepopy on on|  on| gz| dlwewein| 4
eApebau Al ‘santsod g1 _
s ] ds] ey pinbilfainino pilos] Jeeuis] A senaiebi| Uojsniouos AudeiBopes 58] | g¥5ed gv] saseoelp seyio] x| naid] abe] xes] UBUO eidwes

WO 2012/108839

Z 8|qe] Arejuswaiddng




PCT/SG2012/000034

WO 2012/108839

52

dif +ss| Gl oN an|  wees| 41 BA e Kevour N szaEH SN seAl i5| eaons| eo
EE ‘an an A A oo oot o | szmmn|  seswea| on| sv| wleaews| so
ai| " sss|  Ben an an Yl Y T N i N su3H | on| or| wesions| e
al|  +ss|  BeN an an ) A qomned Kour o M| suaM | on| ez| wleeons| sor
dif " +ss|  BeN ‘an ‘aN) Aweos 4t S3A yesnerd .agos_:ﬁﬁwﬂtmm N[ SZu3H SND  saa| vp| wieemxs| vou
al ees|  gew an an wl se BA enad Koo o N oN| smeaal s se| waons| eor
dil  ess|  Gen an an | e L ey N oN on|  ef sel wleasons| zo
da1| ess|  gen an an €| e Al o toeown o L N 70143 on| sl ce| wleawsis| 1o
ni| o8] Bon[rerduoo g1 s0d +t| Bon orce L IPoiddze Jo guonaug ) on on|  on| av| Wwewan| v
na| sos|  Gonpodwogn]  sod +[humg N e egour sy s o oN “onlon] 1z} dwewen] e
Nd| o8| Ben|xordwios g1 sod oz>| Ben S yonod ‘Kevour e o] it ApUA oN oNf  on| tv| wiewen| eb
N4l  +Os Boni[xaidwos 1IN soq 0g>| BeN o8/t g1 jesidAe 10 eiuiownstig 1t Klones9 SN ON oN{ 25| Wwewsin| ¥
dil «os|  Banbedwosain sod sz| BN N dimord Koy b o T ABUA N wmuol  oN| z2| wiewan| 2z
dl ' +58 BeNn[xeidwod g1 S0 +g +Z [+1371 ‘ened | amcoE_:mw_N_aﬂ.::MM {n Aiaesapop oN oN oN] gel whweueinl e
di|  +ss|  Ban|xerdwoo i sod sl e oN B— amcoﬁzmw_mwﬁzmm 1 Aercio| oN on|  on| 6] sjuemen! o
aif sss|  Genjxudwcogiw sod € N o ooy 2 APAN on on| on| 8y dpewan] e
dat]  ess]  senpedwoomn|  sod sl s e I o T oN oN|  on| ev| wjwewsin| w2
di|  +ss|  Bon|xeidwos auw sod w| vz —_— émcgsmw_nwﬂcmﬂ 1 Aetesspony oN on| on| oe| wwewen| zg
dl|  +ss|  Bonjxeiduod A w0 | N romed Kreowr s ot it APt oN oN| on| tz| dueden] ie
dlf  +ss|  Benixedwos i sed @« N yanad .amcoe_aﬁ_ﬂwm__cwm 1 Aersapony on|  sewsqeal  on| ze] afuewen| oe
dl| +88 Do rejdwoa'g L sod Lt 4 B oN p— xﬁ:oESm_w_M._aﬂtH i Aleawi) oN oN on| os] wlueweal ez
dif  +ss|  Ben|xeiduoo gy sod I 0wz, — .EEE_:%_N%__N 1 Aisverspo oN ol on| i wleemen] e
dif  +ss|  Benjxarwod auw sod € . 00| o Koy e ea| 1 AieIepOR on oN| onj ot] wiwewen| 2
dl| +ss|  Ban|xeiduoo g1 sod w2l - oN emad E&e.:%ﬁ%_u___ﬂ 1 APUA oN sacqmal  on| ge| wivewan| ez
atf ess|  senfeeucogin sod W ow 02 e E%Esﬁﬂ”ﬂ 1 Aeresapon| oN oN| on| zv} wumwen| sz
YN AH uryno pinby feumins pijos | Jeaws | Ak seltesebn uoisnpuca Aydi [y dde| m gised gy seseesip sepo|xL “aaud| ebe|xas]| uBUQ [ sidwes




PCT/SG2012/000034

WO 2012/108839

53

a H

di|  +ss|  sod|xeidwoo g sod +Zjuecg o — amcoe_smw_m_mw“__ﬁ || whemepon oN on|  on| 2] wiwewen| e
. epsesyad

dl +8G| 50d |Xe|dwod g1 BoN +L +| ous eined ¢ am:oE_zmv zwx._,m._. M APl oN oN ON|- GZ] WiWeuwainl €8
d

dL|. 488, $0d [xaidwor g1W S04 +£ + [+]¥,e10 ‘eineid .bmcoE_:mwﬁngtm._. 11 AP )] oN ON| 2] Wuewsin| (g
eattad

dl +88 sad an GaN Benj 4L oLz “einald .aacos_aw_w_mwé atl w AP OoN oN oN| €g| wWwewan| g/
wad|

dl +88 sogpxejdwoa GUN Gan st o« ouoL wemaid .scoe_hﬂﬂﬂ “.r 1t Asyesopony ON oN ON{ 28] djwenslA| e
. af

N3] +s8]  sod|xaidwon gL sog | o+ oN S .am:os_aww_ﬂmu_.tm o nAPUW oN on| on| sg| ajuewen| be

. . ;
di|  sss|  sod|xeiduoa B1w sod “f o« N ooyt oot e ay| 1 AerEIopON oN sawl  on| se| wlwewen| o
. 4 (iEipreoyiod . |

dif  +8s|  sod|xerduios W soq | e 0zist yeumoid "Krevownd) nar| 1 AGIeRON| wp@oE0 oN| saA| ev| wjweuea| 2o
d

dil vss|  sodfrerduwoogin sod wlon 0| oo oo | on oN| on| se] wpewan 1g

dil  +ss|  soufreiducoaiw sod w2 W 0407 emad evour e a| 1 Aeresenon oN oN| on| ez| Wluswe| os
3

dif  +ss|  sogpreidwos aun sod | N emed keuouiray oo as| Wi Aeteispon oN oNf  on| zE| Whewsia| 65
(lepseouad

dl +SS 80t xaidwion g1 80d ] o+ s ‘einaid ‘Keuowynd) Ajsxn g1 1 Aelapony oN 120! oN| sg| Wwewsewn| 85
. ad

dlf  +ss| . sodrerdwos alw sod w2l @ OO e Keson s o AP on oN|  on| zv| wwewen| e
{{ewpeopad

dif  +8s sod |xaidwon a1 504 +Zjfaueog 802 qemad Keuauynd) ey gy | B AEveIepoN N Sav{ . ON|] §E| WwewmeIAl 16
d

dif +ss|  sodxeitwod gy s0g € SE|  mned fmsown koreso N oN|  on| og] Wlwewon| os
relpreoad

dal|  +ss|  sodjreiduwon giw sod €| LY I— E_as_:mvﬁ.ﬂ qu U AeRiepan oN sav|  on| | wimaanl er
: . od

dif  +ss|  soabedweo ain sag wl o+ O] oo amtoury tereiepon on oN| oAl se| wuwewsn| e
et 8d

dif 488  sodpeduonglw sod I oti0k e Ko W AN o sav|  on| zef Wesew| e

dif  +ss]  sodpeiuos aLn sod | WOl e o elesapon o on|  on| vz wiwewen| 1y
7]

atf  +ss|  sogfxeiduoo miw sod S SO o Haemousre e o i ApRY oN sav|  on| ze| wheeaen| or

eAnsod AlH "oAmsod B

. o : Bipieoysd

dl|  +ss|  BeN aN aN + fiuesg S0 ‘einad .amcoesmwm_ex__: aL AN Nediz, AN ON| vl W[eaioXs| OLL
o . elpseoyad

dif  ess|  BaN an an|  Auws| o« Al g .amcos_:mvmax__cm i WN|  moLds SN| o] | wiessons| eob

YN es AlH aimino pinblifasnyro pijos| seaws f Aydeiboipes ysayd| a9l dde}m gised gy} saseasip oo} x| ‘asid| ebe{ xes| ubpo[# sidwes




PCT/SG2012/000034

WO 2012/108839

54

NL| BL-uoN, sod YN ‘an Gonj Ben oN Aoun gL [ Jaxa) ‘ured Jsaud N AN MN| 6¢|. d|epuebni e

NL| gLl-uoN §0d ‘¥N ‘ON Ban| Bon|” oN Aoiun a1| seraf 'uedsayo oN AN AN L] diepuebn +6

Ni| diuoN $0d VN ON Ban] Ban ONJ. Aexyun g| soas) ‘uied 1sayo OoN AN AN} T2 | 06

N1l giluoN £0d V'N a'N Ban| BaN ON Keyyun al] Jeas) 'ujed seys ON AN MN| ep| d[epuebn| s8

NL|" 81-UON S0d V'N anN BeN| BaN ON Aiun g1} Jens) 'vjed 1selp ON AN NG ee] wispuebn| o8

N1] gLuoN sod VN ‘anN NS OoN Aijun g1f Jseas; ‘uied 1saud oN N MN|. 5| dlepuedn| 8

NL| ®L-UoN sod ¥N a'N Ban] Ban oN Alevyjjun g1 | 1ens} ured 1seyo oN %N WN| o] dlepuebn] <s

aAsod AlH ‘eaqeBeu g1

! {{erpieayied

Nij gf-vaN BeN v'N Ban Bon| fBon oN seined “Kreuowind) Kies gL |s1esapoly | aN oN ON{ i Wlwewan| zg
; (teipreauad

Ni| @1-uoN Bon VN BoN Bon| foN oN yeineid *Kreuowihd) A Bl it AT oN oN oN| OF| W[uewsiAl o8
’ v (ieipseapsad

NL| gLuen Ban YN Bo BaN| BaN SIS yeinaid ‘Areuowind) Ayl a1 i Asvsepop oN oN oONi bP| WjweuwsIA| 6L
E " {ieipseoised

NI} gLuoN Bon YN Ban Ban| Ban oN seined “etowind) Ao a1 1 fsimiapon NN oN oN{ o9| Wiweuwsia| sz

& : 5 8 . L (leipresyad j .

NiL| al-uoN BN YN N oN| BN 08/0b jeinald *Kisuotuind) Kiewy gL | 1 Amiepon | Lxopodjag . 80 ONI 651 WNWeuwaiA] AL
(epreoyad

NLj gluoN|  BeN VN BaN Ban| BaN oN yesneid Aetiousnd) Asy g1 it Aipund AN ONI  on| vl Whuewen o)

. {letpeapad i

NL} gl-uoN BaN VN BoN Ban| OaN 0exL ‘fenod ‘Kreuowind) Apsy a1 T Kisweispoy oN oN oN| b2| wWweueln] L
. - (ieipsesyad

NL| giUoN|  BeN VN BoN Ban|  Ben oe/9 yeunoid ‘euound) Aexy 1 AP woweo oN|  oN| S| dweuwiaiA| €L
w {feipseayad

NL| BiuoN BaN VN Ban Bon| By oN Yeaneid ‘Kieuouind) Aloy AL 1 AP AN oN oN| 52 2L
- {jepreaped

N1| BiuoN Ban VN HoN Ban| GeN 0e/0T| "esnoid ‘Aseuowind) A gL It Aesspon | suipryded saleqed soA| | Wewein| L2
’ . (ieipsenpiad

NL| 8luoN Ban YN Bapy Ben| Ban oN ‘esnetd *Aeuioluind) Aaxy g1 It Aisverapoiy oN sejaqE(q soA| ob| Whuewsia on.
- B, g & Bo| Ba . . (lejpreayad

N1| gf-uoN N N M N N oN |mmeid ‘Arevounnd) Aoy gl | |e3esspo oN bN oN| 0z] Hmeusia| 69
oy (lepseapad

N1} €i-ueN BN N fan Ban| Ban oN ‘mmnaid "Aueuowind) Aoy g1 it Aisjesspoy oN oN seAl bo| dweuweal o
“ {etpseausd

Nij aLuoN[ BN VN Ban BoN| 6aN oLl (mmeid Krevowmd) Ao gy| U AISSIeRON AN ON  ON[ Op| Wueusia| e3
p - 7 ed

Ni| gtuoN ON VN mwz, 6an| BN (o713 ‘lemeid *freuowind) ey 81 1l Asvesapony AN oN ON} Ly| Wewmalp| 58

dd| 8tuoN BaN _ YN BaN Ban| Ban oN (Goxun 1) eluownsug W AP oN oN oNf oz| Juwewsinl  zo
. . (leipseatied

Nl 8LueN fian VN BaN Gan| BoN oN Jeneid ‘Ceuownd) ks gy 1 APIRIPPON oN N oN| ¢z| slweuwen] g

di| gluoN BaN VN BoN Bon| BeN oN (Ki2ijun g 1) ejuownaug oN oN oN] S8 Wuemea|l v

NL] gi-uoN ban VN BeN BaNj Ban aLoL €1 [eajdAie 1o eluownauy it Aeresapoy oN oN oN| ¥| WlweuwelA| eg

; & . {jetpieoyed | X
NL{ €i-uoN aN VN Sapn Ben mmz oN ‘eaneid ‘AreuoLuind) Aoy a1 1 Aisjesapoy] ) oN oN on| ozt W g
NL| gl-uon BoN VN “ON CoN| Ban oN faqun gi] Jeas) 'uedisaya oN SN YN| el Wiepuebn] o8
angebeu Al ‘aaebau g1 '
P YW |51 Brues AIH| Reeds | einyno pinbyleinyna Do seailis| A 3l Audi 1seud] 8oL dem gjaed 8y| seseasp JaUo] XL “Aid} ebe] xes| uBuO i eidules




PCT/SG2012/000034

WO 2012/108839

55

od
na|  s08|  Be[erducogiw]  Sonssod sod| Son N e Keuown e o w AR oN on| on| ig] aweaen| s
) ad
ndl- sos|  Bonixerwoo gum|  sodsmen Bon| 6oN oN e _zﬁcs_zﬁﬁﬁw aL W AP on on|  on| ez| whewen| ez
5 -
NA +28 BaN |xejdutos g 1IN 80d /s0d +{ BaN ON enaid bmzoE_:mw_M_uwvﬂM n 1t AN ON OoN ON| #Z] WUBUBIAl &TL
- (letpiesyed & e
N4 +O8 BaN {xa1dwioo g LN 804 /SO0 oz>| Ban a/g teunad “Kreuowind) Ae| g1 IApieiepoiN ON oN ONj 98] WweueiAl baL
(jeipseasad
Nd +3S GoN [xejdwoo B1N]  €0d JS0d +Lifueag OoN “rineid ‘Krevownd) haw a1 11 Aivesapon oN oN ON| el WjuewaAl  €zi
) (leipseoped s
N4 +0S BeNxedwoo g} Ban fsog BaN| Bon w04 Jeinaid ‘Kreuowuind) e gy 1t Aipi oN oN oM sy| wiwewsin| zzh
: {letpreayed
Nd|  +0€ BoNjxeidwioo BLIX}  s6d fsod 0z>| BoN 08107 el *Ueuolind) Aeg gL I APIN oN oN oN| 5] WprewmeAy L2k
{e1peesped
Nd| 408l BoN |xaidwoo giw|  Ban jsod sod{ 6BaN oN ‘emeid Krevouwind) fewg gg] - W AeIRIPON oN oN oN| €z dpewein]| ozt
) : (imipreaiad y
Nd| 408 BoN [xeidwos gLN|  sod /50d +2} Bon okaz |eineid ‘ebowind) Aol 81 lirAesesapony oN oN oN| se| wueusin] 611
Nd|  +OS BoN|xeidwoo gLk} Ban oy sod| DoN SYI0T Jeyio]” I Aipis ON ON oN) €8] WueuweA] el
{Iepseaad ;
Nd| +OS Banjxaldiiod gLIN|  sod /BoN Ban [hiuog oN Jmanald Rusvowind) A gy | AIEIRIBRON oN oN oN| €z| WeuweA| 11
Nd| 0§ Ban|xaidutoo giy| 63N /sod Ban| BaN 20T 4 (EadAE Jo euownaud 1 Aronesn) on oN oN| €8 whuewen| oL}
Nd| 408 Banfxodwos 1| sod /s0d 0z>| Ben oN g1 (eotdAje Jo euownaug 1 Apuw oN Y oN| €Z| dfueuwsiA| Gil
. od|
dif sosl  Benjredwoomum|  Gonsad 6an| Ban GOZ|  enerd Koot o A on oN|  on| ve| Whuewen| pi
eipseoiiad
Ni| +0s| Bonfredwoogiw] Bempmodf  BaN| Ben W] pmed v | 1 Aetetenon oN on|  on| 15| wsewen| en
Nd|  +os|  Genfredwoomim|  wiNsod 0z>| BaN oN Uetpreaned) ) ferormpoy oN on| on] ez| afwesan| zu
‘(eined ‘Kietowind) Ko g X )
g9l +S Do [xeidwos g LN BeN /sod Ben| fon oN .A_m__p_ﬁiun 1 Aeieiapon ON ON oNl ve] JweusA| Lib
‘lenad ‘Aeuotind) Ajex g1 g
(aanisod amyno ‘aapeBou Jsouws) poyod uonedjidal
NL| gLuonN s0d VN Ban Ban| Ban oN] 61 [e3idAie 4o elUotinalic |31eIepol ON| eseesip UeaH ON} 62| Jjweuwlpia] ee
Jd| ar-uoN s0d ¥'N 6aN Ban| Ben OoN €1 {eadAe Jo eownaud jaie19po IN Sav oN} 6z] Jjwewmela| s
NL[ gi-uoN 50d - YN Bon BoN| Bon| umawy loN (Reowun ) eluownaug 1L AN S0A salv] soA] sg| Wleawvs| ee
NL| fl-uoN sod YN BaN Ban| Bon oN (Rlaxiun g1} 2luolneud IIoN oN sav| oN| oe] dleowvs| se
NL| 8l-toN sod VN ‘anN Bony Bon OoN Aeiun g1} Jeset ‘uied 15a10) oN “MN sep| aL| Adjepuen] ool
NL[ &l-UonN 804 VN anN GoN| Ban oN Aeun g5} saney ‘ued sl oN NN oN[ te] Jjepuebn]  es
NL| dl-uoN sod N an ban| Ban oN Aisyun g1| ieae} “Uied iseuo oN XN onl el wiepuebn| es
Nif gLuoN sod VN “aN Bon| Bon aN Aigun g1 Jarey ‘Uied 19840 oN N oN| v&| wlepueSn] z6
Ni| BL-usN sad VN ‘aN BoN| Ban oN Ajoxiun gt Jeas) ‘uted 1seyo ON 3N oN| Zz| dlepueBn| us
NL| Bl-UoN sod N ‘aN fian| Ben aN Aeijun g1| Jeas} ‘uied 15auo oN AN SN| se| aferuebn| s
NL| 8l-uoN 60d N ‘aN fan| BN oN Alexiun a1 10Ae) ‘ujed 15840 ON 3N MN| 82 djepuebn| vs
N1| Bl-UoN 504 VN aN [N oN Aosiiun a1 | Jaasy ‘ued 1seuo ON N NI el wiepuebn| s
P YR nels Al ds { aurgiro pinby i pos | secuts | Az seperebo uotsniauad AU Ipel Jseyo de|m g ised gy| seseesip seyio}xi Aaid| ebe| xas| uibuQ |4 eidwes




PCT/SG2012/000034

WO 2012/108839

56

N4 +0rS .mom xaiduson =10 S0d PN +| BN 0E/0L "eunaid .bncoE_:%_MhmH_tMM ..__ Aovasepow oN oN oN| ¢p| Ww[wewmelinl o5t
N4 +5| sod [xerduioo g1y s0d /50d +L| Ban aeoT esned ! bm:oESA%_ﬂww_N_.htM._.n 11 Spin oN ON ONj 0S5] WlwewelA| ¢St |
Ndl 408 sodixe|dwoo gIN|  §od /sod +1| BeN 0z102| “emeyd *Dreuowind) Aoy mh i Aleyesapon oN 10 oN|. B8] WweuwsAl  pgL
Nd] 408 sod[xeidwea 1N} Bap /50d Son| BN oN pausiopad Aes x ou At At oN oN oNi eri Wiedmvs| est
Na|  sos|  sodjeducogin] sodod| o Ben| Ben N e oevour | 1 Aeieizpon on sav|  oN| 05| sleowvs| e
Nd| 408 sad|xeidco gLN|  Ban /sod Ban| BeN on Autiey WA oN sarv]  seal ze| djeawvs| st
NI s S0d [xedlios EAN| S04 /sod sod| BeN ON Kipsay [T OoN oN ssAl oE| d|eawvs| oSt
Nd| 408 sod paydwoo giW|  sod /BaN Gan| BoN N emeid bacoe_aﬁﬁﬂcﬁ ¢ Ao oN oN ONj 8y} d|eavVS| 6¥lL
Nd 0§ sod [xejdwioo 1|  BaN /sod BaN| Ban oN pouuapad A1 X ou it AipEN oN ON oN| 8y| WEUVS| evi
N3l 40§ 504 {¥edwod gIN| - sod sod BaN| fen oN 61 jeaidhie Jo ejuolinaug 1 Kisyesspo oN oN on} ze| Wimwvs| vl
Nd| - +0S sod|xadwoes gL|  sod /sod +1] BaN »N paunayiad Aes X ou 1t Alpaw ON saw WN] Ze] Wleowys| evi
Nd|  iors|  Benxerdwoomuim|  sodssog oe>| Ben oLioL S bgae_;ﬁ_ﬁ__ﬁm 1 resapow oN on|  onj aov| whueuen| ovi
Nd|  +0§|  Banpraducodlw|  sod/sod +t] BN N e oo s 1 Aol oN oN|  on| ze| wieusn| by
Nd| 40§ Genfxadwioo gim|  sod fsod 0z>} BaN oN pp— émcoﬁsﬁ_ﬁ_t MM [ ON oN on| op| afwewsin| ent
Ndf  +0S Banxeidwoo @i S04 /s0d +1| BN oN pp— .amzes_smwﬁhw H, APy oN oN oN| ot| dJuwewsinl zvlL
Nd +0r S| Ban|xaidwoo giw|  sod ss04 uz>| BenN oN 91 (ev)dhie Jo puowinaug ierRIepo oN oN NP L8] Wjuewsin LbL
Nd| 40§ BeN[xaiduioo gIW|  BeN jsod teN| BaN L4 1 [eadAle Jo eluouineud il AiaieJopoN oN oN ON] oF| pjweuwsinl  ovl
Na{  +0s|  Gonfredweoglw] sodssod 0z>| Bon 97| et o e o wABIW oN oN|  on| uz| wewan eer
Nd +0S BoN[xaidwoo aw|  sod ssod Bon| Ban S2/ap| 61 (evrdAie Jo euownatid 1t APUIN ON | elsejoaoyuolq ON| bs{ Wjureasia| egl
na|  vos|  Genpeducomum|  evassed +| 6en N qenerd ooy o] WAGIEIEpON oN oN|  on| se| mjueme| e
Nd|  s0s|  Banpedwoomiw! sodsed|  ozs| BeN 8| mad esouro o APy an oN|  on| 1| wjwewen| el
N4 +S BN |xaidwos gL|  sod /SeN +Lf BeN €101 g1 jeaidAle Jo euownanld It Aleyesapoi oN oN oN| se| wlweusa] get
Nd] 408 BoN [xeidweo gin|  sod /sod +1] BeN 0ROz einaid Keuaugnd) Ay mﬂ 1 Karesepopy oN oN on| es| Wlweweini e
N4 +0-8 BaN|xoidwos B3| sod jsod 0z>§ BeN ON o ¢ aSnE_zm_wﬁwﬂ_._H W Apun oN ON oNj Ze| Wwemeinl  ecl
N3l 40|  Ganjxedwoogiw|  sod/sod a>| Gen 00| et Hacuousn = @ AP on sgol  on| es| wpwewenn| zet
Ndl  +O-8 Ban xeidwos guw|  sod ssod 0z>| Ban 007 ‘mineid .bm:oE_:mw_M_MM_wH 1t Aiejesepory Ny R0 on| e whreasia| g
Nd|  +0s|  Benxedwoomun|  sodrsod | Gon I ened rour e ot|  WA@eizpon on on| ol ov| whiewsin| ost
Nd +0-8 BoN [xeidwoo gLIN|  sod /sod +1} BaN oLL 1310 1n ApIIN N ON onN| zg| Wweuwsin| ezl
dlL +2-8 BaN [erdwos gy $0d /504 o0z>| B8N aN einaid ! bmzoE_:mw_Mﬁu___.MM AP oN oN ON| 4¥| WJueupnl 8Z1
v 1S Al aJns pinbi pios|esws| A sanaetp uoISTOUGY Ayds 1soy2 dds | m g 3s8d gy| seseesip sayio| x| ‘aasd| ebe| xes| uBpo|# sidweg




PCT/SG2012/000034

WO 2012/108839

57

Nd +OS S0 [xerduwios g1y S0d f50d oz>| Ben SHoL “eunaid ¢ amcoEEmwﬁ.—mﬂb__t MM 11 Kervesspo an oN oN| zZe| wWluewen| o091
N +0-5] 50 [xaiduiod BLIN ﬁ..n. BeN 0z>| BeN 0£/0Z, Yemeid scg_hwﬁmﬂtmm i Simelepoly ON oN ON| 66} WiuewaA] 651
N +5 sod{xa|dwioo (W[  sad /BeN 02> ben ol Jeined 'Reu oE_:mwwﬁﬁu__tmmH [ Sisesepoiy oN oN oN| 6z] Wiuewen| 85t
Nd +s sodxaduod gIW|  sod /Ban +4] Ben (11414 .._E:o_ d ‘Rieu E:S%ﬁwﬂwmom ' [t Aereuspoiy az. oN aN| | Wwewan| ist
fjo0iep Wiy | St AH aanjino pinbyjaurne prjos | Jeaws| A senesebio uoisnilied Audeioipe) satjo ide] & g ised gy | saseasip Jeio{ x| "Aexd] ebef xas] ubug|s erdweg




WO 2012/108839 PCT/SG2012/000034
58

The teachings of all patents, published applications and references cited
herein are incorporated by reference in their entirety.
While this invention has been particularly shown and described with
references to example'embodiments thereof, it will be understood by those skilled in
5  the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1. A method of assessing a test sample for the presence of Mycobacterium
tuberculosis, comprising preparing a profile of mycolic acids in the test
S sample using electrospray ionization mass spectrometry, and identifying the
presence of C26-a-myéolic acids based on the profile, wherein the presénce
of C26-a-mycolic acids is indicative of the presence of Mycobacterium

tuberculosis.

10 2. A method of assessing a test sample for the presence of Mycobacterium
tuberculosis, comprising preparing a profile of a set of mycolic acids in the
test sample using electrospray ionization mass spectrometfy, and comparing
the profile of the set of mycolic.acids in the test sample to a profile of the set
of mycolic acids in a positivé sample prepared using electrospray ionization

15 mass spectrometry, wherein the presence of a comparable profile of mycolic
acids in the test sample and in the positive sample is indicative of the

presence of Mycobacterium tuberculosis.

3. The method of Claim 2, wherein the set of mycolic acids compriseé mycolic
20 ~acids selected from the group of mycolic acids set forth in Supplementary
Table 1. |
4. The method of Claim 3, wherein the set of mycolic acids comprises C26-0-

mycolic acids.
25

5. The method of Claim 3, wherein the set of mycolic acids comprises C24- a-

mycolic acids.

6. The method of Claim 3, wherein the set of mycolic acids comprises C22- a-

30 mycolic acids.
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7. The method of Claim 3, wherein the set of mycolic acids comprises all of the

mycolic acids set forth in Supplementary Table 1.

5 8 A method of diagnosing an active tuberculosis infection in an individual,
comprising preparing a profile of mycolic acids in a test sample from the
individual using electrospray ionization mass spectrometry, and identifying
the presence of C26-a-mycolic acids based on the profile, wherein the
presence of C26-a-mycolic acids is diagnostic for an active tuberculosis

10 infection in the individual.

9. A method of diagnosing an active tuberculosis infection in an individual,
comprising preparing a profile of a set of mycolic acids in a test-sample from
the individual using electrospray ionization mass spectrometry, and

15 comparing the profile of the set of mycolic acids in the test sample to a
profile of the set of mycolic acids in a positive sample prepared using
electrospray ionization mass spectrometry, wherein the presence of a
comparable profile of mycolic acids in the test sample and in the positive
sample is diagnostic for an active tuberculosis infection in the individual.
20

10. . The method of Claim 9, wherein the set of mycolic acids comprises mycolic

acids selected from the group of mycolic acids set forth in Supplementary

Table 1.

25 11.  The method of Claim 10, wherein the set of mycolic acids comprises C26-0.-

mycolic acids.

12.  The method of Claim 10, wherein the set of mycolic acids compriseé C24- o-

mycolic acids.
30 _
13. The method of Claim 10, wherein the set of mycolic acids comprises C22- a-

mycolic acids.
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The method of Claim 10, wherein the set of mycolic acids comprises all of

the mycolic acids set forth in Supplementary Table 1.

A method of assessing efficacy of a treatment for active tuberculosis
infection in an individual, comprising preparing a profile of a set of mycolic
acids in a test sample from the individual before the treatment using
clectrospray ionization mass spectrometry, and comparing the profile of the
set of mycolic acids in the test sample to a profile of the set of mycolic acids
in a test sample from the individual after the treatment using electrospfay ’
ionization mass spectrometry, wherein the absence of a comparable profile of
inycblic acids in the test sample before treatment and in the test sample after
treatment is indicative of efficacy of the treatment, and the presence of a
comparable profile of mycolic acids in the test sample before treatment and
in the test sample after treatment is indicative of a lack of efficacy of the

treatment.

A method of assessing efficacy of a treatment for active tuberculosis
infection in an individual, comprising preparing a profile of a set of mycolic
acids in a test sample from the individual after the treatment using
electrospray ionization mass spectrometry, and comparing the profile of the
set of mycolic acids in the test sample to a profile of the set of mycolic acids
in a positive sample prepared using electrospray ionization mass
spectrometry, wherein the absence of a comparable profile of mycolic acids
in the test sample and in the positive sample is indicativé of efficacy of the
treatment, and the presence of a comparable profile of mycolic acids in the
test sample and in the positive sample is indicative of a lack of efficacy of

the treatment.

The method of Claim 16, wherein the set of mycolic acids comprises mycolic
acids selected from the group of mycolic acids set forth in Supplementary

Table 1.
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18.  The method of Claim 17, wherein the set of mycolic acids comprises C26-a-

mycolic acids.

5 19.  The method of Claim 17, wherein the set of mycolic acids comprises C24- a-

mycolic acids.

20.  The method of Claim 17, wherein the set of mycolic acids comprises C22- a-
mycolic acids.

10

21.  The method of Claim 17, wherein the set of mycolic acids comprises all of

fhe rhyco]ic acids set forth in Supplementary Table 1.
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