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MYCOBACTERIA IN METALWORKING FLUIDS
FINAL PROGRESS REPORT (2005-2008 NCE 2010)
(5R01 OH007364-6)

a. Specific Aims
In this funding cycle (2005-2008 NCE 2010), overall objective was to develop the next generation of
adaptable DNA-based protocols for simplified detection/recovery of MWF-prevalent NTM strains
(genotypes) and develop and apply tools and protocols for their phenotypic characterization in terms
of biocide susceptibility and antigenicity. Our specific aims were: (1). To develop protocols for
improved recovery and simplified DNA-based detection and quantification of NTM from different
MWEF types, (2). To characterize the relative biocide susceptibility of MWEF-colonizing NTM
genotypes, using the available and newly isolated NTM strains and common MWF biocides; (3). To
study antigenic characteristics of the MWF-colonizing NTM, using the available and newly isolated
HP-linked strains.

b. Studies and Results

Progress on all three aims has been made per the originally proposed plan. Furthermore, certain
additional but directly related efforts warranted to accomplish the proposed plan more effectively
were also pursued as we went along in the study. During this funding period (2005-2008 NCE 2010),
the generated data lead to a total of 7 research papers/manuscripts and 10 abstracts/presentations
(oral/poster) (see Publications list below). A summarized report is presented in the following
paragraphs.

Aim 1. Development of protocols for improved recovery and simplified DNA-based detection
and quantification of mycobacteria from different MWF types:

1A. Development of cell recovery methods for improved detection of mycobacteria in MWF:

a). Optimization of selective recovery/enrichment for enhanced cultural detection: Low
numbers of mycobacteria are hard to efficiently detect/quantify in time by both conventional and
DNA-based methods. Our efforts on cell recovery optimization included strategies for selective
suppression of gram-positive and gram-negative co-contaminants using antibiotic mixture PANTA
plus (a combination of 5 antibiotics; BD Biosciences, Sparks, MD) and revival of the injured cells
(viable-but-non-culturable, VBNC) by pre-incubation in its presence (selective enrichment). The
results showed that this selective recovery approach facilitated isolation of mycobacteria even when
present at low levels (1 to 200 cells), which otherwise is a challenging task when conventional
culturing method is used. The results showed that a combination of antibiotic concentration and
treatment temperature is critical for attaining optimal selection and revival of M. immunogenum from
MWEF. The effect was then evaluated on in-use field MWF sample contaminated with mixed
microflora (consisting of 10" CFU/mI of microorganisms other than mycobacteria). In field MWF, the
effect was relatively more pronounced in tubes containing the lowest cell numbers (10 and 1
CFU/ml). An extended (6-day) incubation in presence of PANTA plus, caused an enrichment of M.
immunogenum cells to the extent of <1 log and =1.5 log in pristine versus in-use MWF, respectively
possibly due to induced revival and/or multiplication of cells albeit in a differential manner in the two
fluids. This part of the work has been published (see paper # 1 in the Publication list).

b). Optimization of Immunomagnetic separation (IMS) based recovery and detection: Here we
undertook optimization of antibody-based recovery of mycobacteria cells from complex MWF matrix.
i. Anti-Mycobacterium antibody-- Custom preparation and evaluation for specificity: \We
prepared the proposed anti-Mycobacterium custom antibody (polyclonal) using M. immunogenum
(ProteinTech, Inc., Chicago, IL). Specificity of this polyclonal antibody was then evaluated using
multiple lines of testing, viz. agglutination assays (Slide- and Tube-), immunofluorescence
microscopy, and ELISA. As desired for the proposed work, it showed reactivity for both species of
MWF-Mycobacteria M. immunogenum and M. chelonae. This confirmed the usefulness of the raised
antibody for the proposed immunomagnetic application (Aim 1). Further, in comparative ELISA
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2A. Isolation of new NTM strains (genotypes) from HP-linked and non-linked industrial MWF
samples

During the entire study, we routinely screened industrial in-use MWF samples obtained through our
collaborator. The samples confirmed positive for mycobacteria based on cur optimized hsp228PCR
screening were plated out on Middlebrook 7H10 agar to recover the isolates. Several NTM isolates
were recovered. The isolates were first speciated using DNA-based speciation methods (AHSPRA
and ITSPRA) optimized in our past funding cycle. These novel isolates belonged to the two expected
species of M. chelonae complex i.e. M. immunogenum (MJY-22 and MJY-24) and M. chelonae
(MJY-20, MJY-21). However, to our surprise, we also identified (first time) the third species M.
abscessus (genotype MJY-23) of this complex from one of the MWF samples. Multiple isolates of
each species were segregated as individual strains based on morphotype (smooth versus rough)
and genotype.

2B&C. Optimization of rapid protocols to measure biocide susceptibility of MWF
mycobacteria strains/genotypes:

i). Comparative biocide susceptibility of MWF mycobacteria_genotypes based on_culturing assay
(viability analysis): Four M. immunogenum genotypes, MJY-3, MJY-4, MJY-10, and MJY-12 isolated
in our studies and a reference strain (ATCC 700506) originally isolated from MWF, were compared
for their relative biocide susceptibility based on dose-response analysis using suspension assay
coupled with culturing approach. Two biocides, one formaldehyde-releasing (Grotan containing
Triazine as active ingredient) and one non-formaldehyde-releasing (Kathon 886MW containing
Isothiazoline as active ingredient), and two fluid types, synthetic and semi-synthetic, were used to
investigate the dose-response. Interestingly, other results showed that M. immunogenum reference
strain offered higher resistance of 6-fold and 3.5-fold than MJY-4 and MJY-12 isolates for Groton
biocide in synthetic MWF. Similarly, MJY-4 and MJY-10 showed less MIC values than M.
immunogenum reference strain for Kathon biocide in semi-synthetic MWF. Taken together, these
results showed that individual genotypes differ in their sensitivity to the common MWF biocides; this
work is now published (see paper # 2 in the Publication list).

ii. Differential Fluorescence-based assay for biocide susceptibility analysis of MWF mycobacteria: In
order to study loss of viability of mycobacteria in presence of biocides in MWF with mixed flora, we
developed a two-step fluorescence microscopy-based protocol to specifically measure viable versus
non-viable cells of mycobacteria. The technique was then further developed to adapt for real world
contaminated MWF samples to determine viable versus non-viable mycobacteria in the mixed
microbial population. This non-DNA based fluorescence method could be useful in routine monitoring
of biocidal activity toward mycobacteria in MWF. A manuscript on this part of the work is now
published (see paper # 3 in the Publication list).

iii). ATP-based high throughput assay for biocide susceptibility analysis of NTM genotypes: We
optimized a rapid ATP-based assay for testing the biocide susceptibility of Mycobacterium
immunogenum. The assay is based on the quantitation of intracellular ATP in the cell and reflects the
viable cell count. The assay was developed by optimization of mycobacterial cell lysis protocol for
extraction of ATP using different chemical and/or mechanical treatments and standardization of
growth conditions and inoculum size for biocide susceptibility testing of MWF mycobacteria.
BacTiter-Glo kit (Promega, Madison, WI) was used for quantification of the released cellular ATP (the
reagent relies on the properties of luciferase enzyme and generates a luminescent signal which is
proportional to the amount of ATP present). Lysozyme (final concentration 3mg/ml) treatment for 1
hour followed by bead beating (0.1 mm glass beads) was found to be the most efficient lysis method.
Sauton's medium was found to give better growth giving higher cell counts as compared to MB7HS
broth, and lower inoculum was found to give more steady growth. The developed mycobacterial ATP
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¢. Significance

Mycobacteria have been implicated in respiratory disorders in workers exposed to metalworking
fluids, Therefore detection and quantitation of Mycobacteria in MWF is warranted for early
assessment and elimination of these occupational hazards. The proposed study (aim 1) has yielded
more efficient and simplified DNA-based toeols for mycobacterial contamination menitoring in
occupational MWF environments. Biocide susceptibiiity studies (aim 2) have provided a protocol for
rapidly assessing the comparative biocide resistance of prevalent strains of mycobacteria in
commercial MWF and provided solution to the need for early identification of biocide resistant
mycobacteria in MWF operations. Data on relative resistance of the prevalent strains against the
currently used biocides may provide direction on the judicious use of these biocides and better fluid
management practices. These studies will also provide the basis for development of more effective
biocides (effective against identified resistant MWF strains of mycobacteria) and formulation of a
representative test inoculum (containing most resistant and sensitive strains of mycobacteria) for
evaluation and testing of new biocides, which may eventually lead to the development of improved
MWF and biocide formulations. Immunological characterization of MWEF-prevaient NTM strains
proposed under Aim 3 has helped identify the potentially immunogenic strains and their antigens that
may have relevance to HP and other respiratory immune disorders in exposed workers. The
information generated on antigenic potential of MWF-prevalent NTM strains will help in more
informed design and interpretation of future epidemiological studies on MWF-linked illnesses.
tdentification of immunogenic strains and antigens will help develop future immunodiagnostic tests
both for exposure assessment and clinical diagnosis of MWF-linked immune disorders such as HP in
the exposed machine workers and coutd thus be critical for developing diagnostic and intervention
strategies.
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fraction of Mycobacterium immunogenum, a newly recognized species of the M. chelonae-M.
abscessus group. J. Proteome Res. 8:2319-2330.
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Proc. 107" General Meeting of the American Society for Microbiology, Toronto, Canada May
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macrophages to Mycobacterium immunogenum, a species associated with occupational
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Microbiology, Boston, MA June 1-5, 2008.
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NEWS ITEMS (Public Media Coverage)

NEWS ITEMS on Mycobacterial antigen identification studies

1. Finding antigen culprits in an occupational discasc

By Laura Cassiday, Research profile section J. Profeome Res., 2009, 8 (5). p 2136
Publication Date (Web): March 23, 2009 (Research Profile) DOI: 10.1021/pr900201z
hip://pubs.acs.org/doi/abs/10.1021/pr90020 12
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2. An advance in solving the mysterious machine-workers' disease. American Chemical Society's
Weekly PressPac -- May 20, 2009 released to 20 outlets-selected URLs given below.

hitp://www _sciencedaily.com/releases/2009/05/090525115310.htm

hitp://www.eurekalert.org/pub releases/2009-05/acs-acs052009.php
http://esciencenews.com/sources/science.daily/2009/05/25/advance.in.solving. mysterious.machine.wo
rkers.disease

http://www.agencyscience.com/clippings _display.php?g=sc n-09052510-an-advance-solving-the-
mysterious-machine-workers-disease

http://www.vidyya.com/vol 1 1/v11i133 7.htm
http://www.bio-medicine.org/biology-news-1/American-Chemical-Societys- Weekly-PressPac----
May-20--2009-8551-1/

http://www.mctooling.com/index/images/item1306.htm

3. Q&A: University of Cincinnati Researchers 1D Proteins in Mycobacterium Afflicting Machinists,
June 04, 2009, By Tony Fong, ProteoMonitor The global newsweekly of Proteomics Technology,
Genome Web Daily News—June 4, 2009

http://www.genomeweb.com/proteomics/ga-university-cincinnati-researchers-id-proteins-
mvcobacterium-afflicting-machin

4. UC HEALTH NEWS Daily (June 4, 2009); Q&A: University of Cincinnati Researchers 1D
Proteins in Mycobacterium Afflicting Machinists; GenomeWeb Daily News—IJune 4, 2009
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