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Proteomics: A Revolution in the
Evaluation of Gastrointestinal Microflora

Recent research regarding the gastrointestinal microbiome has irrefutably confirmed the fact that the
microbial inhabitants of the gastrointestinal tract, and their astonishing scope of metabolic activities,

are at the very core of health and numerous disease processes, It is also clear that clinical microbiology
testing should be optimized to address the relative abundance of all bacterial species present in a stool
specimen, To that end, culture remains the current standard of practice in high-complexity clinical
microbiology testing. A revolutionary methodology has been developed and Is employed at Doctor's Data
to markedly expand our ability to identify species and even subspecies of gastrointestinal bacteria and
yeast, This article will
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analysis.

Culture-Based Testing

Culture growth-based testing remains the international standard for clinical microbiology testing for
stocl specimens. Culture enables identification of living, metabolically active microorganisms, as dead
bacteria do not contribute to the metabolomic environment of the gut. Further, live, pure bacterial isolates
are required for antibiotic (AB) susceptibility testing. Recent research from Boston University indicates
that gastrointestinal virus-derived phages harbor numercus antibiotic AB resistance genes that can be
transferred to bacteria. However, simply detecting one of the hundreds of AB resistance genes in a bulk
stocl specimen does not directly indicate that an AB resistance gene is actually present or expressed in

a particular microbial species, This requires culture to obtain a pure isolate of the pathogenic species

of concern. What's more, AB resistance genes may be "silent) or not expressed or activated by specific
promoters, and more complicated and genetically diverse mechanisms of antimicrobial resistance remain
elusive, The bottom line Is that genotyping for functioning AB

resistance genes has not been validated for stool specimens for
clinical purposes, Culture growth-basedtesting

Susceptibility to antibiotics must be directly performed on pure, remains the international

cultured isolates using standardized microbiological techniques standard for dinical microbiology
according to the Clinical Laboratory Standards Institute’s guide-
lines, and validated in the specific laboratory, Cliniclans should

not hesitate to ask the laboratory if such criteria are adhered to,

testing for stool specimens.
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methodologies for identification of microorganisms can take as
long as 6 to 24 hours and prolong the time before beginning Doctor’s Data utilizes a revolutionary
subsequent antimicrobial susceptibility testing. Despite

these inherent limitations, automated instruments are still
invaluable for susceptibility testing with commonly prescribed
pharmaceutical antimicrobials. reliable identification of thousands

state-of-the-science proteomic

methodology for rapid, accurate, and

of gastrointestinal bacterial and

Identification by Proteomic Analysis yeast species, and even subspecies.

Proteomics entails the identification and characterization of
proteins in cells, tissues, or organisms. This allows identification
based on each microorganism’s unique ribosomal protein
fingerprint.

Doctor’s Data utilizes a revolutionary state-of-the-science proteomic methodology for rapid, accurate, and
reliable identification of thousands of gastrointestinal bacterial and yeast species, and even subspecies.
The methodology, matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-
TOF MS), has been recognized by a share of the 2002 Nobel Prize in Chemistry. MALDI-TOF MS has been
used to study a host of macromolecules from a wide variety of biological matrices, just as similar methods
of detection have been used by NASA on the Mars Curiosity Rover in an effort to determine whether the
planet had been hospitable for microbial inhabitance.

MALDI-TOF MS has recently

been applied to and established

as an invaluable technique in
clinical microbiology. In brief,
MALDI-TOF MS enables rapid and
accurate identification of normal
and pathogenic gastrointestinal
microorganisms based upon their
signature high-abundance proteins.

There are 5 steps in the MALDI-
TOF MS identification process: (1)
ionization of proteins from a pure
isolate; (2) separation of vaporized,
ionized proteins that have different
masses; (3) detection of the
number of the different ionized
Mars Curiosity Rover proteins; (4) collection of data to
generate the mass spectrum; and (5) comparison of the unknown spectrum to an extensive database.

In the laboratory, a small portion of a pure isolate from selective subculture is embedded within a
saturated liquid matrix on a 96-spot target plate. The matrix solution crystallizes and charges the proteins
(primarily +1), then the dried mixture of matrix and proteins is vaporized by nanosecond-duration laser
pulses (MALDI) that release the ionized protein molecules that are accelerated in an electric field within a
vacuum. Proteins fly through the mass analyzer (TOF) at a rate that is inversely proportional to the mass of
the protein. The proteins reach the mass spectrometer over a span of to about 0.01 to 1 millisecond—the
timescale to analyze the ions produced by a single laser pulse permits acquisition of data from multiple
laser pulses for a specimen. The mass spectrum of the unknown pure isolate is compared to a high-
quality reference database of spectra generated from quality-controlled collection strains. The database
contains about 7,000 microorganisms and is growing at about 400 more per month, although not all of
the microorganisms are derived from the gastrointestinal tract. A goodness of fit is ranked and a log score
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threshold is applied for correct identification at the species level (2.300-3.000), secure genus/prebable
species (2.000-2.299), or possible genus (1.700-1,999), Inclusion in the database requires =10 independent
reference spectra with a reference score =1.9 for a given bacteria or yeast, To date, using MALDI-TOF MS,
DDl is able to identify more than 400 bacterial species and 125 yeast species that were not identifiable
using the previously employed autcmated phenotypic instruments used by most clinical microblology
labs. In addition, we have validated secure identification of yeast at the species level at a ranking score of
just 1,800, and have been able to identify some bacteria at the subspecies level, Amazingly the MALDI-TOF
MS identification process takes less than 1 minute per isclate,

Based on work in herresearch lab and the plethora of published studies regarding MALDI-TOF MS, Dr,
Sandra Richter, Director of Bacteriology in the departments of Clinical Pathology and Molecular Pathelogy
at The Cleveland Clinic, stated that "It is clear that thisis a giant step ferward in the accuracy and speed of
organism identification routinely reported by the lab! (CAP Today. 2013.27[1]).

Consistent, Validated Results

Accuracy and speed are important, but if a clinician sends a specimen to several labs will they get the same
results? That is a significant issue when laboratories are not using standardized, validated test platforms.
The results of an international, multicenter trial to evaluate the reproducibility of a commercially avallable
MALDTOF MS platform, the Bruker Bictyper™, were presented at the 19th Eurcpean Congress of Clinical
Microbiology and Infectious Diseases In Helsinki in 2009, Sixty blind-coded bacterial specimens were sent
to 8 international laboratories, for a total of 480 specimens. A concordance rate of 98.68% was achieved
among the labs, Not only were the samples correctly identified across laboratories, but the reliability of
identification was very high, as 97.3% of all log score values were >2, What's more, the MALDI-TOF MS
approach has an impressive capability to differentiate closely related species from a genus such as Baciflus,
The genus Bacilfus 1s one of the largest, most ubiguitous genera of bacteria, with about 65 valid species,

OVERALL CONSIDERING ACCURACY, INTERLABORATORY REPRODUCIBILITY, COST AND THE RAPIDITY OF
IDENTIFICATION, THE MALDI-TOF MS PROTEOMIC APPROACH IS BEST SUITED FOR ROUTINE COMPREHENSIVE
STOOL ANALYSIS.
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