NIH/NIST/ISB Peptide Fragmentation and Identification Workshop
May 3, 2004 - May 4, 2004
Green Auditorium, Building 101, Administration

NIST Conference Center, Gaithersburg, Maryland
AGENDA

Monday, May 3, 2004

8:00am Registration check-in
9:00am Opening remarks

Fragmentation Chemistry Session

9:05am Vicki Wysocki
9:45am Alex Harrison
10:20am Coffee break/posters
10:50am Gary Glish
11:25am Eugene Kapp
12:00pm Panel: Fragmentation Chemistry, Jeffrey Kowalak
12:30pm Lunch

De Novo Session

1:30pm Rich Johnson
2:10pm Alex Taylor
2:45pm Pavel Pevzner
3:20pm Coffee break/posters
3:50pm Panel: De Novo, Alfred Yergey

Search Algorithms Session

4:20pm Lewis Geer
5:00pm Jacques Colinge
5:35pm Adjourn 

Tuesday, May 4, 2004

Search Algorithms Session continued

8:30am announcements
8:35am John Cottrell
9:10am Karl Clauser
9:45am Jimmy Eng
10:20am Coffee break/posters
10:50am David Fenyo
11:25am Roshan Sadygov
12:00pm Panel: Search Algorithms, Lewis Geer
12:30pm Lunch

Search Results Intepretation Session

1:30pm David Tabb
2:10pm Alexey Nesvizhskii
2:45pm Panel: Search Results Interpretation, Alexey Nesvizhskii
3:15pm Coffee break/posters

Standards Session

3:45pm Panel: Standards, Steve Stein
5:45pm Adjourn
TRANSPORTATION
To get to the workshop from the hotel, NIST will provide a bus that will leave the Holiday Inn at 8:00am Monday and Tuesday.  The bus will take participants through NIST visitor’s security and then to the conference center.  Please bring a photo ID.  Late-comers can use the hotel’s shuttle to get to the workshop.  
The bus will return workshop participants to the Holiday Inn at the close of the workshop on Monday but not on Tuesday.
The Holiday Inn provides a complementary shuttle to the Metro.

More information on transportation can be found at the end of this document and at http://www.nist.gov/public_affairs/visitor/visitor.htm
HOTEL
Holiday Inn Gaithersburg, 2 Montgomery Village Avenue, Gaithersburg, MD 20879, Phone 301-948-8900.
FOOD
NIST conference facilities will provide a continental breakfast, lunch, and coffee breaks each day.  Lunch will be served in the NIST cafeteria.  The NIST visitor’s pages (see link above) has information about local restaurants, a portion of which are listed below.
POSTERS
Posters can be mounted on the wall boards next to the Green Auditorium and left up for the duration of the workshop.  NIST Conference Facilities can provide pushpins and Velcro.
TALK TITLES AND ABSTRACTS
Fragmentation Chemistry Session
Data-mining a Set of 30,000 Sequence-Validated Peptide Fragmentation Spectra
Vicki Wysocki

Amide Bond Cleavage and Beyond

Alex G. Harrison
A common fragmentation reaction of protonated peptides involves cleavage of an amide bond to form either y ions or b ions. The y ions are known to be protonated amino acids or smaller peptides. Experimental and theoretical studies over the past decade have shown that, in many cases, the b ions are protonated cyclic oxazolones rather than linear acylium ions as

originally proposed; since such cyclization is not possible for b1 ions they normally are not observed. The present talk will review the mechanism(s) of amide bond cleavage and outline the factors which control b versus y ion formation. Examples will be presented where alternative cyclic structures for b ions result from interaction with side chain functions. Particular attention will be paid to the fragmentation of larger b and a ions as elucidated by MS/MS/MS studies. In many cases such fragmentation reactions are responsible for the formation of lower mass b and a ions.

The Structure of Peptide Ions:  Influences on Reactivity

Gary L. Glish

Whereas we are in the habit of thinking about reactions and structures in the two dimensions of a sheet of paper, changes in reactivity (e.g. dissociation pathways) probably reflect features of the three dimensional structure. Unique, very complex rearrangements can occur during the dissociation of small peptide ions.  Some of these dissociations will be discussed as well as various experimental approaches to probe the structure of peptide ions.  

Progress towards improving the discrimination between correct and incorrect hits for peptide spectra of intermediate quality.

Eugene Kapp

Whilst current search algorithms have enjoyed considerable success for protein identification from peptide MS/MS data, the utility of these are directly related to the quality of the product ion spectra.  MS/MS search algorithms are generally more sensitive than selective and are therefore capable of identifying peptides from spectra of intermediate quality, even though these spectra are not readily interpretable manually or by de novo sequencing algorithms.  These spectra do however give rise to low scores using current search algorithms and based on currently acceptable score thresholds (cut-off filters) constitute a source of false-negative identifications.  Based on recent work in our laboratory and taking the ‘relative proton mobility scale’ into account, we are able to demonstrate that correct versus incorrect identifications can be made especially for peptide spectra that score poorly using current algorithms.  Progress towards development of a ‘chemistry savvy’ scoring module for ion-trap data will also be discussed.

De Novo Session

Improving Lutefisk

Richard S. Johnson

LC/MS/MS experiments produce scads of peptide MS/MS spectra and it has been our experience that many (the majority) do not match with any database-derived sequences.  Most of these unmatched spectra are of no consequence, and are due to having set the data dependent trigger threshold too low, incorrect guesses of the precursor charge state, or non-peptide background ions.  However, some unmatched peptide spectra are of high quality, and it is worth worrying about them.  Automated de novo sequencing is useful for finding high quality unmatched data, validation of database matches, and also for combining with a homology search (e.g., CIDentify).  Some recent changes to the software will be discussed.  First, the program is more likely to identify partial sequences that are distant from either end of the peptide.  Second, the scoring of the sequence candidates has been improved such that the output score attempts to assign a probability of being partially correct.

Lapuwale: A mass-based Smith-Waterman sequence database search algorithm for de novo sequences derived from tandem mass spectra 

J. Alex Taylor

De novo determination of sequences from tandem mass spectra often produces ambiguous results due to incomplete fragmentation. Using such results for searching sequence databases via traditional search algorithms such as BLAST or FASTA can be problematic because mass information, mass ambiguities, and rearrangements are not considered. Previously we have developed a modified version of FASTA termed CIDentify that is able to handle such intricacies inherent to de novo algorithms. However, CIDentify only considers single or di- peptide ambiguities and only applies mass-based re-scoring to the top local alignment for each database sequence. Recent improvements to the Lutefisk de novo sequencing algorithm have led us to design a new database searching algorithm that is capable of considering a mass comparison of one, two, or three query to n subject residues in a single scoring pass. Optionally, queries from multiple tandem mass spectra can be used in the same search to produce protein probabilities in addition to peptide probabilities. 

De novo peptide sequencing: scoring and sequence tags
Pavel Pevzner
Search Algorithms Session

Scoring Sequence Searches using Classical Hypothesis Testing

Lewis Geer

Large numbers of MS/MS peptide spectra generated in proteomics experiments require efficient, sensitive and specific algorithms for peptide identification. In the Open Mass Spectrometry Search Algorithm [OMSSA], specificity is calculated by a classic probability score using an explicit model for matching experimental spectra to sequences.
High-Performance Peptide Scoring Functions and Beyond

Jacques Colinge

Strengths and Weaknesses of Probability Based Database Matching
John Cottrell
Increasing Peptide MS/MS Database Search Result Confidence Using a de novo-like Spectral Quality Measure 

Karl Clauser

A typical proteomics LC/MS/MS experiment yields a collection of MS/MS spectra with wide variation in the extent of peptide fragmentation. This leads to a similarly wide distribution in the scores resulting from interpretation of those spectra from database search programs. A particularly troublesome source of false positive interpretations arises from the difficulty in segregating mediocre quality spectra with medium scoring, correct interpretations from high quality spectra with medium scoring, incorrect interpretations resulting from the effective absence of the correct answer in the database due to such factors as unexpected chemical modification, non-specific enzymatic cleavage, incorrect/ambiguous parent charge assignment. Approaches will be described for increasing confidence through calculation of expected scores of both correct and incorrect interpretations for each individual spectrum as opposed to average expected scores for collections of spectra.

Measuring the relevance of MS/MS database search tools

Jimmy Eng

Testing the significance of protein identification results
David Fenyö
Mass spectrometry and database searching is widely used for protein identification. The proteins in the sample are first separated to obtain a mixture of the proteins of interest. These protein mixtures are then digested with a proteolytic enzyme. The masses of the resulting peptides and their fragments are measured and compared with calculated peptide masses from a protein sequence collection. A score is calculated for the comparison and the protein sequences in the collection are ranked according to the calculated score. Different search engines calculate the score in different ways. The meaning of these scores is in general not easily understood by the non-expert user and they are not amenable to automation. This presentation will cover the topic of significance testing of protein identification results and discuss how the search engine dependent scores can be converted into a measurement of the significance of the protein identification result.
Intensity and Database Based Probability Model for Peptide Identification Using Tandem Mass Spectra and Amino Acid Sequence Databases
Rovshan Sadygov

Search Results Intepretation Session
Informatic challenges of whole proteome characterization and comparison

David L. Tabb

Although significant attention has focused on the problems of identifying individual spectra, fewer articles in the literature address the issues associated with managing large sets of

identifications.  As part of the Department of Energy's Genomes-to-Life Initiative, Oak Ridge National Laboratory has analyzed the proteome of Rhodopseudomonas palustris in multiple metabolic states.  This study, producing approximately three million peptide

identifications, highlights several concepts important to evaluating complex proteomic samples.  Database search algorithms are sensitive to the type of data on which they are used; the distributions of scores from tryptic digests of known proteins differ from the score

distributions on other digests.  Algorithms to identify these spectra do not discriminate true and false identifications completely, and some applications for these data require greater stringency than others.  The use of filtering rules at both the peptide level and the protein level facilitates proteomic data mining.  Current algorithms disregard spectral duplication, even though this phenomenon may be useful to the identification process.  Producing long lists of proteins has been emphasized in proteomics, but clustering proteins by function is essential for yielding biological information.  By attending to these issues, the proteomic community can improve the accuracy and significance of the information it produces.

Analysis, Statistical Validation, and Dissemination of Large-Scale Proteomics Datasets
Alexey Nesvizhskii
POSTERS

De novo software using tandem MS peak intensity information
Tom Blackwell, Pete Ulintz, Jayson Falkner, Abhik Shah, Dan Burns, David States and Philip C. Andrews. 

The mass accuracy in tandem mass spectrometry and the size of computer memory have both improved greatly in recent years. Many publications have already proposed including peak intensity information when interpreting tandem mass spectra. These three considerations motivate revisiting the question whether de novo interpretation of peptide tandem mass spectra can be efficient and effective as a way of identifying peptides from unknown proteins.

We are currently implementing de novo peptide sequencing software which reads a tandem mass spectrum as a peak list in Mascot generic format and returns a ranked list of candidate peptide sequences, together with their approximate posterior probabilities, conditional on the model and the observed data.  

The model which predicts peak intensities as a function of ion type and peptide sequence is a subject of ongoing research in our own as well as many other laboratories [1-6]. For initial scoring, a simple model in which the predicted fragment intensity is a product of terms which depend on the two flanking residues is both practical and convenient. For a second round of scoring, the predicted peak intensities may depend on the entire peptide sequence.  A crude prototype implementation consists of a series of scripts in the R statistical programming language. 

In connection with this project, we are collecting reference spectra on an ABI Model 4700 MALDI-Tof/Tof instrument for tryptic peptides from a variety of commercially available protein specimens.  We will make these available to interested researchers as they are collected.  In our own work, these spectra will be reserved strictly for use as a 

blind test set; training will proceed using spectra originally collected for protein identification in other experiments.

Polygraph: a statistical framework and optimization method for Peptide Identification from Tandem Mass Spectrometry Data
William R. Cannon, Kristin H. Jarman, Alejandro Heredia-Langner, Douglas J. Baxter, Joel Malard, Kenneth J. Auberry, and Gordon A. Anderson
We present a flexible statistical framework for identification of peptides from the tandem mass spectrometry data. The statistical model is based on a two-sided hypothesis test that compares the likelihood that a spectrum is due to a specific peptide to the likelihood that the peptide arose by chance. The likelihoods are computed from the probability of occurrence of peptide fragments from the parent peptide. These probabilities are empirically derived from fragmentation patterns from a training set of 16,134 spectra of varying charge, composition and length. As a result, a fragmentation model is developed from which model spectra are generated for comparison to real spectra and scoring peptides. The code for the analysis runs on both serial and parallel computers. The statistical model is evaluated on an independent data set of 19,000 spectra using the parallel version of the code on a large Linux cluster.

In addition, we present a sequence optimization approach as an alternative to de novo peptide analysis to reconstruct amino acid sequences of peptides. The sequence optimization can potentially overcome some of the most problematic aspects associated with de novo analysis of real MS/MS data such as incomplete or unclearly defined peaks and may prove to be a valuable tool in the proteomics field. We assess the performance of our algorithm under conditions of perfect spectral information, in situations where key spectral features are missing, and using real MS/MS spectral data. The prototype algorithm we use performs well under these situations.
SIMS: A new database search algorithm for identifying protein 

post-translational modifications and sequence substitutions from peptide 

MS/MS spectra 
Alexandre Erassov and Andrew Emili
We have developed a new database search algorithm, called SIMS (Simple Interval Motif Search), which is optimized for identifying post-translational modifications and sequence substitutions in peptide tandem mass spectra in an unbiased and comprehensive manner. SIMS is effective at detecting alterations at specific amino acid residues without prior knowledge or expectation of the chemical delta mass or modification site. It also predicts peptide sequence substitutions wherein one amino acid is replaced with a different amino acid due to polymorphism, mutation, or database error.  To date, we have shown that SIMS is effective at correctly identifying:
  - Sequences with common modifications such as phosphorylation, acetylation and carboxymethylation using MS/MS spectra generated by ion trap MS.

  - Peptides with database sequence errors and unknown substitutions.

  - Sequences with unknown chemical modifications.

  - Unmodified peptides.

The results were validated using the database search algorithm SEQUEST [Eng et al. J Am Soc Mass Spectrom 1994; 5: 976-989] and StatQuest [Kislinger et al. Mol Cell Proteomics 2003; 2: 96 - 106].  SIMS has been optimized for the Linux operating system and can be run in a parallel, distributed computing environment.

Composition based peptide identification

Brian D. Halligan and Edward A. Dratz
One of the major challenges of proteomics is the identification of peptides and proteins from MS data.  In the typical ‘bottom-up’ approach to proteomics, proteins are digested with proteases and the peptides subjected to analysis by MS/MS.  Peptide identifications are made by pairwise comparisons between the experimental spectra and the theoretical spectra deduced from a protein database.  The result is that this process is computationally expensive and is sensitive to poor fragmentation of some peptides, peptide post-translational modifications and errors and deficiencies in the sequences in the database. 


We have taken a fundamentally different approach to the problem of peptide identification.  Instead of attempting to match complex spectral patterns, we rely on deducing a partial amino acid composition of peptides from the immonium ions produced by relatively high energy CID.  By increasing the level of fragmentation of the peptide and focusing on the low mass portion of the MS/MS spectra, we are able to identify the presence of amino acids and some modified amino acids in the peptide based on immonium ions.  We term this information the ‘qualitative composition’ or Qcomp of the peptide, since we are not able to quantitate the number of each amino acid species present from this data and some amino acids have a low probability of producing immonium ions.   We use the Qcomp to generate a vector describing the amino acid composition of the peptide.  Model calculations show that the composition of a peptide > 8 amino acids in length is nearly as useful for peptide identification as amino acid sequence data.  Furthermore, the use of composition allows for the identification of modified amino acids from the presence of modified immonium ions.


Qcomp, in addition to being easier than spectral comparisons to match the experimental and database Qcomp values, the amino acid composition allows us to generate a hierarchical index to the peptides in the database.  To accomplish this, we use a non-standard clustering-based approach.  The database of peptides is organized into clusters based on the peptides’ amino acid composition.  Each of these clusters is then further sub-clustered into smaller groups of peptides with similar compositions.  This produces a three level tree structure composed of top-level clusters, sub-level clusters and lists of peptides assigned to each sub-level cluster.  To identify a peptide, its Qcomp is determined from the immonium ions present.  The closest top-level cluster is determined by calculating the Euclidian distance from the peptide and the closest sub-level cluster is found in the same way.  The list of peptides assigned to the sub-level cluster is then compared to the Qcomp and the mass of the experimental peptide and the closest fit determined.  In this way, instead of carrying out hundreds of thousand complex spectral comparisons, we can identify a peptide with only hundreds of simple distance calculations.


We are currently developing the de novo composition tools to translate immonium ion spectra into Qcomp data and will show how this method can be successfully applied to high energy MS/MS data.  We are also seeking alternative mass spectral methods that enhance immonium ion production from peptides.

Popitam loves being fed on modified MS/MS spectra 

P. Hernandez, R. Gras and R.D. Appel
Popitam [1] is a program dedicated to protein identification from tandem mass spectrometry data. Based on tag extraction, it exploits mass differences between fragment ions to extract potential tags from the MS/MS spectra. Such a procedure brings two major advantages: first, it alleviates the calibration issue, since fragment ion masses are not directly matched with theoretical masses as for “shared peak count” algorithms. Then, it allows identifying mutated or modified peptides, including peptides carrying unknown modifications. This second advantage is greatly appreciated now that the sharp eye of the proteomics community is bending towards the challenging problem of identifying modified peptides. 

As for all methods based on tag extraction, Popitam has to deal with the search space size, since the number of possible tags increases dramatically with the number of available fragment masses. This problem is even more increased when differences of two amino acid combinations between fragment masses are considered. Possible strategies would be to limit the number of peak interpretations (interpreting a peak means assigning it to an ionic type and a charge number in order to compute a standardized mass) and to restrain the search to the most probable tags or to tags of a given length [2;3]. By using ionic-type occurrence probabilities learned from a set of identified MS/MS spectra [4], Popitam confines peak interpretations to the most probable ones, given the mass spectrometer type, the parent ion charge, and the peak intensity. This process leads to an interpreted spectrum, containing a list of standardized fragment masses and associated intensities. By linking up masses that differ by one or two amino acid masses, one gets a “spectrum graph” [5]. This structure, widely used in de novo sequencing methods, represents all possible tags that can be built from the MS/MS spectrum. Popitam’s distinctive feature is that, instead of parsing the spectrum graph de novo, it extracts only tags that are consistent with theoretical peptides from a database. By this way, the search space is substancially reduced. Each candidate theoretical peptide is processed independently and undergoes the following steps. First, the theoretical sequence is represented by any data structure that allows to rapidly access all possible sub-sequences of the theoretical peptide, as for example a factor oracle [1] or a suffix tree [6]. By this way, it is possible to extract from the spectrum graph all tags (given a minimal length computed from the parent mass) matching a sub-sequence of a theoretical peptide. In Popitam, a tag is defined by a starting and ending mass, by its amino acid sequence and by its position on the theoretical peptide. Once the tag list is defined, Popitam tries to arrange the tags together so that each tag in an arrangement is coherent with the other members of the group. It amounts to searching in a “tag compatibility” graph for all cliques (fully connected sub-graphs) of size 1 to n, n being the number of tags extracted. The rules used to find whether two tags are mutually exclusive are the followings: two tags cannot share peaks, cannot be overlapping nor contigous, and must have start and end masses consistent with their respective positions on the peptide sequence. Finally, a score is assigned to each arrangement, the best arrangement score representing the identification score for the current theoretical peptide. The arrangement scoring function is built on a combination of various sub-scores (partly described in [1]). We used Genetic Programming (GP) [7] as a way to search the space composed of all possible sub-score combinations in order to find a scoring function adapted to our problem. Such a function should be maximal for the correct theoretical peptide and should allow a good discrimination between the correct candidate and the other theoretical peptides. Experiments carried out with Popitam have shown that the algorithm is able to deal with difficult identifications, such as MS/MS spectra with  unexpected modifications.

SeQuence IDentification – A Bayesian Peptide Sequencing Algorithm for Tandem Mass Spectra

Li Ji, Yingying Huang, Joseph M. Triscari, Katheryn Resing, Ljiljana Pasa-Tolic, Mary S. Lipton, Richard D. Smith, Vicki H. Wysocki
As DNA sequence information becomes increasingly available, characterizing and identifying the peptides and proteins from complex mixtures poses a great challenge for proteomics researchers. Tandem mass spectrometry in combination with database searching is playing a critical role in identifying peptides and proteins from complex mixtures. Currently, most algorithms for automated peptide sequencing determination use predicted peptide fragmentation patterns based on the assumption that amide bond cleavage occurs uniformly throughout peptides. Although these algorithms are able to identify many peptides and proteins, there is a critical need to develop methods that can deliver higher accuracy. We are developing a new probability-based algorithm, called SeQuence IDentification (SQID), which employs a Bayesian learning approach considering differentiated intensity of each ion. Initial results indicate that this algorithm delivers performance comparable to existing approaches and has the potential to be further improved.

A Software System for High Throughput Shotgun Proteomics Data Analysis Using

Peptide Properties to Validate Peptide Assignments

Karen Meyer-Arendt, Lauren Wolf, Alex Mendoza, William Old, Steve Russell, Shaojun Sun, Rob Knight, Natalie Ahn and Katheryn Resing
In our lab we have implemented software for shotgun proteomics of soluble and membrane fractions of mammalian cells.  After data collection on an ion trap mass spectrometer, an automated data analysis protocol runs TurboSequest and Mascot searches on the data, and results then are parsed into an Oracle database.  In order to validate the peptide sequence assignments, we developed a novel approach using consensus between the search programs and chemical properties of the peptides (MSPlus).  In order to resolve ambiguities in protein assignment due to database redundancy and differences in search program assignment methods, we developed a peptide-centric approach, which resolves isoform information to provide a minimum protein count, without discarding information about possible presence of isoform variants.  This program adds commonly referenced annotations and provides summary reports useful for comparative analysis. This system provides an increase in sensitivity of 32-38% over Sequest or Mascot alone, and was used to identify over 5000 proteins from human whole cell lysates.  We are currently working on refining our peptide identification using ion fragmentation rules and hydrophobicity filters; searching against prefiltered databases; adding ion chromatogram based quantitation; and using Bayesian analysis to automatically weigh the contributions of multiple search results and scores.

Building a reference library of MS/MS spectra – BSA tryptic peptides

S. Stein, P. Neta, J. Klassen
We have begun the task of building a reference collection of mass spectra generated by collision-induced dissociation (MS/MS). As one of the first targets of study, we have chosen peptide ions of relevance to proteomics. We are now measuring all observable MS/MS spectra of peptides derived from the digestion of bovine serum albumin (BSA) by trypsin, with and without prior reduction and alkylation. Digests were analyzed by LC-ESI-MS at four ‘cone voltages’ to determine the m/z values of the original peptide ions. To acquire sufficient sample amounts for extensive analysis, BSA digests were separated into 80 fractions by repetitive LC runs with a fraction collector. Each collected fraction was analyzed by infusion in the electrospray source of a triple quadrupole. Fragmentation of each peptide ion was measured in a collision cell over a wide range of collision energies.  When BSA was digested directly, over 60 peptides were identified, covering about 70 % of the BSA structure. In some of these peptides the cysteines were free and in others they were oxidized or bound by new S-S bonds, sometimes internally.
Aligning high-dimensional MS proteomics data

Amol Prakash and Benno Schwikowski
Analysis of complex protein mixtures on the basis of liquid chromatography (LC), followed by mass spectrometry (LC-MS or LC-MS/MS), is a key technology for the systematic large-scale exploration of cellular processes. A considerable overlap of peptides in different LC fractions and different experiments has been observed earlier. We present a novel and general technique that aligns the various LC fractions, thus accounting for highly non-reproducible variations in the flow rates of the different fractions. This brings together peaks generated by the same peptide in different LC fractions and potentially in different experiments. The ideas can be extended to higher dimensional data. Results will be shown for two-dimensional quantitative LCQ MS yeast cell cycle data and one-dimensional quantitative TOF MS protein degradation data.

Using Mass Based Alignment of MS/MS De Novo Sequencing Results to Mine for Peptides in Unmatched MS/MS Spectra

Brian C. Searle, Mark Turner, Surendra Dasari, Matthew J. Rodland, Jodi Lapidus, Gursharn Khatra and Srinivasa R. Nagalla
Database searching programs generally identify less than half of the spectra acquired in a standard LC/MS/MS study of digested proteins.  By using a mass-based alignment algorithm of de novo sequencing results, OpenSea can perform better than this because it can also identify modified peptides.  However, OpenSea is dependent on de novo sequencing algorithms that cannot always derive accurate sequences from some good quality MS/MS spectra.  By accumulating spectra across multiple studies, we can salvage information from good quality spectra that have been discarded due to poor de novo sequencing.  Unmatched, good quality spectra are identified using a heuristic-based quality score and added to a spectrum database.  Spectra that correlate well are averaged.  These more accurate averaged spectra are used to produce high quality de novo sequences that are fed back into OpenSea to produce new peptide identifications.  Using this salvaging technique, 82% of the good quality unmatched spectra were identified from six technical replicates of a ten protein standard.  Half of these spectra were matched to sequence variant or modified peptides.  This suggests that accumulating spectra across multiple samples may improve the identification of modified peptides and unknown proteins.  We have developed a prototype database to explore this idea.

Local Restaurants - Gaithersburg  

Disclaimer: These commercial establishments have no official relationship with NIST.  NIST provides this information as a convenience to visitors and conference attendees. NIST does not endorse or guarantee the quality or services provided by these establishments.

American Cafe Mozzerallas -- American

701 Russell Avenue, Gaithersburg, MD

(301) 208-0469 

Applebees Neighborhood Grill & Bar

21048 Frederick Rd. Germantown, MD. 20876

(301) 972-1301

Athens Grill -- Greek

8124 Rothbury Street, Gaithersburg, MD

(301) 975-0757

Broadway Pizza -- American

824 Muddy Branch Road, Gaithersburg, MD

(301) 987-0050

Buffalo Billiards -- American

401 E. Diamond Avenue, Gaithersburg, MD

(301) 977-7665

Bugaboo Creek Steakhouse

15710 Shady Grove Rd. Gaithersburg, MD. 20877

(301) 548-9200

Chevy's -- Mexican 

668 Clopper Road, Gaithersburg, MD 20878 

(301) 926-6646 

Chilis -- American

Bureau Drive, Gaithersburg, MD

(301) 670-9098

Chris’ Steakhouse and Seafood Restaurant

201 E. Diamond Avenue, Gaithersburg, MD

(301) 869-6116

Einstein’s Bagels

19114 Montgomery Village Avenue, Gaithersburg, MD

(301) 926-8509

El Torito -- Mexican

9811 Washington Blvd., Rio Center, Gaithersburg, MD

(301) 977-5655

Ernie’s Restaurant and Pub -- Sandwiches, Seafood, Pizza, Pasta

Quince Orchard Plaza Shopping Center, Gaithersburg, MD

(301) 869-8200

Flaming Pit Restaurant -- American

18701 N. Frederick Avenue, Gaithersburg, MD

(301) 977-0700

Fuddrucker’s Restaurant -- American

12111 Darnestown Road, Gaithersburg, MD

(301) 869-6010

Fu Shing’s Cafe -- Chinese

576 N. Frederick Avenue, Gaithersburg, MD

(301) 330-8484

Gentleman Jims

800 W. Diamond Avenue, Gaithersburg, MD

(301) 963-4847

Golden Bull Grand Cafe -- Prime Ribs, Steak, Fresh Seafood

Rt. 355& 7 Dalamer Street, Gaithersburg, MD

(301) 948-3666

Good Fortune Cafe -- Chinese

235 Kentlands Blvd., Gaithersburg, MD

(301) 216-2828

Guapo's Cantina & Grill -- Mexican

9811 Washington Blvd. - Rio Center, Gaithersburg, MD

(301) 977-5655

Gui Lin -- Hunan, Szechuan, Cantonese

10054 Darnestown Road, corner of Rt. 28 & Darnestown Rd., Gaithersburg, MD

(301) 424-2888

Hamburger Hamlet -- American

9811 Washington Blvd., Rio Center, Gaithersburg, MD

(301) 417-0773

Hard Times Cafe

1117 Nelson Street, Rockville, MD

(301) 294-9720

Ichiban-Japanese and Korean

637 N. Frederick Ave., Gaithersburg, MD

(301) 670-0560

Il Porto -- Italian

245 Muddy Branch Road, Gaithersburg, MD

(301) 590-0735

India Bistro - Indian

239 Muddy Branch Road, Gaithersburg, MD 20878-3004 

(301) 330-0484 

Italian Pines Restaurant -- Italian

9627 Lost Knife Road, Gaithersburg, MD

(301) 977-4600

It's A Bagel!

15784 Shady Grove Rd, 270 Park Center, Gaithersburg, MD

(301)977-0056 

Joes Place Pizza & Pasta

430 N Frederick Ave. Gaithersburg, MD. 20877

(301) 417-6602

Juanita's Restaurant

15883 Redland Road, Rockville, MD 20855-2206 

(301) 926-0510

J.J. Muldoons -- American

16143 Shady Grove Road, Gaithersburg, MD

(301) 258-8866

Kim’s Hunan Restaurant -- Chinese

227 Muddy Branch Road, Gaithersburg, MD

(301) 948-8848

Lone Star Steak House -- American

Bureau Drive, Gaithersburg, MD

(301) 548-0867

McDonald’s -- American

83 Bureau Drive, Gaithersburg, MD

(301) 948-5567

O'Leary's Restaurant & Pub

555 Quince Orchard Rd Gaithersburg, MD 

(301) 947-1993 

Old Siam - Thai 

108 E Diamond Ave. Gaithersburg, MD. 20877

(301) 926-9199

Outback Steak House

12609 Wisteria Drive Germantown, MD 20874 

(301) 353-9499 

Peking Cheers --Chinese (Peking)

519 Quince Orchard Road, Gaithersburg, MD

(301) 216-2090

Pizza Hut

12167 Darnestown Road, Gaithersburg, MD

(301) 948-2650

Red, Hot & Blue -- Memphis Pit Barbecue

Corner of Crabbs Branch Way and Shady Grove Rd.., Gaithersburg, MD

(301) 948-7333

Red Lobster -- Seafood

15700 Shady Grove Road, Gaithersburg, MD

(301) 840-0380

Red Robin - The Gourmet Burger (American)

701 Russell Avenue, Gaithersburg (Lakeforest Mall), MD

(301) 258-7872

Ricky’s Rice Bowl II -- Japanese

544 N. Frederick Avenue, Gaithersburg, MD

(301) 963-2695

Rio Grande - Mexican

231 Rio Blvd., Gaithersburg, MD

(240) 632-2150

Romanos Macaroni Grill - Italian

211 Rio Blvd Gaithersburg, MD 20878

(301) 963-5003 

Roy’s Place -- Sandwiches

2 E. Diamond Avenue, Gaithersburg, MD 

(301) 948-5548

Ruby Tuesday -- American

701 Russell Avenue, Gaithersburg (Lakeforest Mall), MD

(301) 869-7740

Sir Walter Raleigh -- Salad, Surf and Turf

19100 Montgomery Village Avenue, Gaithersburg, MD

(301) 258-0575

Summit Station Restaurant and Brewing -- American

227 E. Diamond Avenue, Gaithersburg, MD

(301) 519-9400

Sushi Chalet -- Japanese and Korean

323 Muddy Branch Road, Gaithersburg, MD

(301) 948-7373

Thai Thani -- Thai cuisine

108 E. Diamond Avenue, Gaithersburg, MD

(301) 948-5580

That's Amore - Italian

15201 Shady Grove Road, Rockville, MD 20850-3217 

(301) 670-9666 

Tokyo Lighthouse Restaurant -- Japanese

22 Bureau Drive, Gaithersburg, MD

(301) 977-0988 

Yuraku Japanese Restaurant

19773 Frederick Rd. Germantown, MD. 20876

(301) 515-7440

Zio’s -- Italian

9083 Gaither Road, Gaithersburg, MD

(301) 977-6300

Zi Pani Breads & Cafe

564 N Frederick Ave. Gaithersburg, MD. 20877

(301) 990-0796

Taxis/Shuttle/Limousines
NIST Grounds and Metro Shuttle Service 

A NIST shuttle service runs between the Shady Grove Metro Station and NIST on the quarter hour and three-quarter hour from 8:15 a.m. to 5:45 p.m. The shuttle returns to the station from NIST on the hour and half-hour from 8:00 a.m. to 5:30 p.m.
The NIST Grounds (campus) Shuttle operates on an "on-call" basis and can be summoned at the Administration Bldg. Bldg. 101) receptionist's desk or by calling x3315. 

Commercial Transportation Services

Disclaimer: These commercial businesses have no official relationship with NIST. NIST provides this information as a convenience to NIST visitors and conference attendees. NIST does not endorse or guarantee the quality or services provided by these businesses.

Taxi Services

Action Taxi: (301) 840-1000 

Barwood Cab: (301) 984-1900 

Regency Taxi: (301) 990-9000 

Airport Transportation: (provides transportation to Reagan National, Baltimore-Washington International or Dulles Airports)

Maryland Airport Shuttle: (301) 881-8800

Montgomery Shuttle: (301) 881-8800 

Orbital Airport Shuttle: (301) 668-3520 or (877) 710-3520

Limousine Service: (provides transportation to the Baltimore-Washington International Airport)

Crystal Limousine and Sedan Service: (800) 872-2797

Montgomery Sedan Service: (301) 681-8961

Roadmaster Transportation Executive Sedan and Wagon Limos: Serving-National, Dulles & BWI Airports: (301) 881-7200 or 1-800-283-5634 

