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GOAL

The 2005 Proteomics Research Group (PRG) study was designed to assist ABRF members to evaluate their proficiency in sequencing unknown
peptides that are not included in any published database. From a comparison of the results obtained by different strategies, participating laboratories
will be able to gauge their own capabilities and establish realistic expectations for the approaches that were used.

ABSTRACT

A common request of proteornics core facilities is protein identification. However, in some instances primary sequence information for the protein in
question is not present in public databases. In other cases, the amino acid sequence of a protein may differ in some way from the predicted sequence in
the database as a result of gene mutation, gene splicing, and/or multiple posttranslational modifications. Thus, it may be necessary to determine the
sequence of one or more peptides de novo to identify and/or adequately characterize the protein of interest. The primary goal of this study was to give
participating laboratories an opportunity to evaluate their peptide sequencing capabilities. Samples containing 3-6 pmol each of five synthetic peptides

RESULTS

Sequence data were submitted by 48 laboratories. A summary of the study results, organized according to instrument configuration and ionization
method, is shown in Table 2. A compilation of all results received is shown in Table 3. The following approaches were used: MS alone (42); Edman
degradation (1); Edman degradation plus MS (5).

‘The great majority of laboratories reported the correct nominal peptide masses; peptide A2 was often found to contain an oxidized Met
Differences in sample preparation and use of derivatization prior to analysis did not seem to influence the success rate for sequencing, although one
group used a variety of derivatization strategies and obtained the correct sequence for 4 of the 5 peptides

Static nanospray worked as well as on-line prefractionation by capillary HPLC.

Laboratories using a TTOF generally had a slightly higher success rate in obtaining the correct sequences for these peptides. These instruments
typically use MALDI ionization; for this study it was not possible to assess the relative importance of ionization mode versus instrument type as

DISCUSSION

The purpose of this study was to evaluate the capabilities of core laboratories to determine the sequences of peptides not found in any published
database. Overall, the results show that this s an area that needs improvement in many core laboratories. A sufficient amount of each of the peptides
was supplied such that sample quantity should not have been a limitation (although solubility issues might have caused problems for sequencing of
peptide Al). Peptides T50 and A1 were the most difficul, probably due to specific sequence features of those peptides.

In general, laboratories that reported using more than one type of instrument did slightly better than those that only used a single instrument. It is
possible that facilities with multiple instruments might have a larger staff with more overall expertise. Too few cases in which Edman sequencing was
used were reported to draw any conclusions. However, quantity limitations and time constraints make it generally not possible to separate the peptides
i a digest sufficiently for Edman analysis.

Although software is available that is designed to perform de novo sequencing, these programs do not as yet appear to be totally reliable. The peptides
used in this study were by design not naturally occurring sequences. In many “real” cases, a partial sequence obtained by mass spectrometry, even
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Proteomics core laboratories are often presented with unknown proteins to be identified. Sometimes, these are not identifiable by commonly-used
strategies that involve tryptic digestion and database searching. There are several reasons why a peptide might not be identified by means of a
standard database search using mass spectrometric data. It might be modified in some way that is not being considered by the database search program
being used, it might not have a required sequence characteristic (e.g., no C-terminal K or R from a tryptic digest), or it might come from an organism
for which the primary sequence is not known. Sometimes a homologous protein can be identified, but this requires that the sequences have a high
degree of identity. For example, if an unknown protein is 95% identical to a known one, there s a greater than 60% probability that a 20-residue
peptide from the unknown protein will have at least one substitution compared to the corresponding known peptide. A direct sequencing approach

Manual verification was used by all laboratories; software alone did not appear to be sufficient to provide complete sequences.
The success rates for sequencing the individual peptides varied (Fig. 1). This is most likely due to differences in the sequences. The internal Lys
residues combined with the multiple Leu and Ile (scored as 0.5 if not distinguished) undoubtedly contributed to the low scores for peptide T50.
Peptide A1 was the longest and, therefore, expected to be more difficult.

sufficient information to determine the sequences of most unknown peptides. However, it is critically important not only to acquire the spectra with
the requisite mass accuracy and resolution, but also to be skilled in data interpretation. For example, there are two Hyp residues in peptide J1. The
residue mass of Hyp (113.04768) is 36.4-mmu lower than I/L (113.08406). Using some commercial instruments, it is possible to measure CID
fragment masses with sufficient accuracy to distinguish between these residues.

Finally, expertise in de novo sequencing is clearly essential, regardless of whether the data are acquired by mass spectrometry or Edman analysis or
both. Whereas proteins that are present in a published database can be identified on a routine basis by scientists who are not experts in interpretation of
mass spectra, the same cannot be said for proteins for which sequences are not included in any database. The results of this study provide excellent

may then be the only viable approach. bt for core laboratories to have not only f-th but also personnel with expertise in instrument operation and data
'afrf;easprlmary goal of the 2005 PRG study was to give each participating laboratory a chance to evaluate its capabilities and practices in the following Figure 1. Success rates for individual peptides
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%0 « Most core laboratories need to improve their capabilities for de novo sequencing. The average success rate in this study was relatively low. Note that
L e DT T ey O Avg. correct this study addresses issues that are very different from identifying a protein that is in a database.
Use of software to assist in the interpretation of de novo sequence data 80 z residues (%)
X X X " E 4 . H « MALDI ionization and TTOF instrumentation appeared to be more successful than the alternatives, but the numbers of participating laboratories are
“The sequences of the peptides synthesized for this study are shown in Table 1. No specific approaches were recommended, although it was anticipated 7 ™ g 00 small to make this finding statisticaly reliable
that tandem mass spectrometry and possibly Edman sequencing would be employed. Each of the laboratories that requested a sample was provided 2 .l . , o
with a mixture consisting of 3-6 pmol each of five synthetic peptides which had sequences that were not present in any public database. The sample g S « No sample preparation or derivatization strategy was notably more successful
was supplied as a dried pellet that could be dissolved in most common aqueous solutions; one peptide (A1) proved somewhat difficult to dissolve. As g 51 50 § « Laboratories that used more than one type of instrument were slightly more successful than those that only used a single type of insirumen,
with any “real-life” sample, there were minor contaminants present. There was either a K or an R at the C-terminus of each peptide, analogous to § . 0 2 N A
tryptic peptides; one peptide had a double “missed cleavage” and another contained hydroxyproline. Participants were asked to return experimental 2 g « Software for de novo sequencing alone was not sufficient for successful sequence analysis of the test peptides.
evidence for each sequence they determined, along with a completed web-based questionnaire. 3 0§ « Expertise in MS data acquisition and manual interpretation is essential for success.
£
METHODS : 0=
Synthesis The peptides were synthesized and purified at the following locations: A1, A2 and A3 at the HHMI Mass Spectrometry Laboratory at UC 1 10 ACKNOWLEDGMENTS
Berkeley; T50 at the NYU Protein Chemistry Laboratory; and J1 at the Macromolecular Structure Facility, Michigan State University. The synthetic 0 0 We thank David S. King of the HHMI Mass Spectrometry Laboratory at the University of California, Berkeley, for synthesis and purification of
peptides were analyzed by reversed-phase HPLC and MALDI-TOF mass spectrometry to verify purity. T50 A2 a A3 Al peptides A1, A2, and A3, Joe Leykam at the Macromolecular Structure Facility at Michigan State University for synthesizing peptide J1 and for the
Composition analysis - Amino acid analysis was conducted on small portions of A2, A3 and T50, individually dissolved in the appropriate volume of Peptide aminoJecidanalyses, RonlBeavislandianetiBrostowin)atitheiNY(UiBroteln Chemistry Laboratoryifor thelsynthesisiofipepticeyT S0,V ivekiShetty,
water 1o yield 1 mg/mL stock solutions. For each of these three peptides, 3 L of the stock solution was added to an amino acid analysis tube. The Chongfensp XUl dYUniLl o Tthe Ny ote N nalyatslEactll yjiogimassispectiome ryjanalysisjoinelsam ples DavnlIaynardiofjhelNIHlatite
Ak CORETed 3 TN asetaraeTaT: ThaTSariples Wereldtedlin'a vasUly osrirNigeYeilad and analz Al BUpISEs folTrnine aci[Sonert National Institutes of Health for mailing and receiving correspondence and for ensuring that the participants remained anonymous, and Debra Diana of
using a Waters AccQtag precolumn AAA in conjunction with a Waters 2690 HPLC equipped with a Waters 2475 fluorometer. the N'YU Skirball Institute of Biomolecular Medicine for receiving confirmatory data
For distribution to requesting laboratories, 3-6 pmol of each peptide was added to a 0.5-mL polypropylene tube and the peptide mixtures were dried in
avacuum centrifuge. Dried samples were sent to 76 laboratories in North America, 20 in Europe and 10 in other countries.
Table 3. Results compilation
Table 1. Amino acid sequences of the five peptides present in the unknown sample Total Peptide sequence (first choice) and score lonization Instrument
Peptide  No. M, (Da) MH" Sequence Identifier__score__Score T50 Score A2 Score J1 Score A3 Score AL method _type
70 110 LGAILKKLIPK 120 AYTFNMGQHSLK 130 VYKPHypASHYpSPVYK 140 GVPGADIFYEANPR 200 FPHVANSGEWPDLVYVVNER
TS0 1 1192.8276 11938349 LGAILKKLIPK 13579A 660 7.0 KLILQKLIPK 120 AYTENMGQHSLK 130 VYKPHYpASHYpSPVYK 140 GVPGADIFYEANPR 200 FPHVANSGEWPDLVYWWNER MALDI  TTOF
A2 2 1395.6610 1396.6683  AYTFNMGQHSLK 72079 640 85 (UNGA(LILIKK(LI)LIPK 115 AYTFN MoxGQHS(LK 130 VYKPHypASHYPSPVYK 135 GVPGAD(LI)FYEANPR 175 FPHVANSWWPD(L/)VYVVNER ES  qTOF
640 90 LGAILKIQIPK 120 AYTFNMGQHSLK 13.0 VYKPHYpASHYPSPVYK 140 GVPGADIFYEANPR 160 FPHVANSWWPD(/L)VYVV(KIQIDR ES.E  qITOF
i 3 1463.7665 1464.7738 VYKPHypASHypSPVYK 20107 V630 85 (IGA(L)ILKK(L)(IL)PK 115 AYTFNMGQHS(ILK 130 VYKPHypASHypSPVYK 135 GVPQD(I/L)FYEANPR 165 (Mh(v/\))VANSGEWPDAI/L)VVVVNER ES  LIT-FT, g/TOF
A3 " 15047316 15057389  GVPGADIFYEANPR 26019 623 75 (AGAWLIILYQIKKIL)IILPK 115 AYTFNMGQHS(ILK 123 VYKP(ILIHyp)ASHYPSPVYK 120 GVPGAD(? 190 NER ES  qTOF
65214 615 60  KHyp(UNLNKK(L(LIPK 115 AYTFNMOXGQHS(LIK 130 VYKPHypASHYPSPVYK 115 RPGAD(LIFYEANPR 195 FPHVANSGEWPD(U\) NER MALDI  q/TOF, TTOF, RTOF
AL 5 2327.1340 2328.1413  FPHVANSGEWPDLVYVVNER 10266 V590 85  (LNGALNLKKLNUIPK 115 (AY)TFNMOXGQHS(LINK 110 VYKP(LDAS(LISPVYK 85  PQD(LUNFYEANPR 195 FPHVANSGEWPD(/L)VYVVNER ES  LT,UT-FT
46011 580 7.0 LGALLKKLLPK 120 AYTFNMGQHSLK 50 VYKP(ps)S(iviealcplsi(ac)aK 140 GVPGADIFYEANPR 200 FPHVANSGEWPDLVYVVNER MALDI  RTOF, TTOF (PSD)
Hyp. masses listed are dsu V560 40 Kikiglpk 90 YATFNMGQHSLK 130 VYKPHYpASHYpSPVYK 120 GVPGADLFYEAGGPR 180 FPHVANSGEWPDLVYWVDQR MALDI
12800 525 45 WR(/LKKHypHypPK 80 (AY)TFEGMLHSLK 110 vykplaslspuyk 130 GVPGADLFYEANPR 160 FPHVANSTTPDLVYWG(GER MALDI  TTOF
78364 520 75 (WGAWLILIKIQKQULIILPK 95 (AY)TFNMox(KIQ GIHS(ILK 7.0 FD(KIQIP(IAS(ILSPVYK 105 RPGAD(IL)(FIMOX)YEANPR 175 (IL)MHVANSGEWPD(IL)VYVVNER ES LT
135798 V520 80 ()GAWL)LKK(Hyp)ILPK 115 AYTFNMGQHS(ILK 120 VYKP(HYP)AS(ILISPVYK 135 GVPGAD(ILJFYEANPR 7.0 FlOL9]212.1VYVV[243.1] ES, MALDI  3DIT, RTOF, g/TOF
55000 515 60 KHyp(I(MKKIL)(L)PK 95 YATFNMGQHS(ILIK 50  K[134JKP(IAS(/LSHS(CP)K 115 VGPGAD(ILFYEANPR 185 FPHVANSGEADPD(/L)VYVVNER ES, MALDI LIT, /TOF
Table 2. Summary of Instrument Configuration and lonization Mode Utilization 51565 51.0 4.0  KLLKHypKLLPK 9.0 HPTFNMGQHSHypK 9.0 VYQPLASLSPVYK 110 RPGADLFYEANPR 180 FPHVANSWWPDLVYVVNER MALD\ TTOF, PSD
30109 488 50  QUILIHYp)(ILIHyD)LKK(/LIHyp)(ILIHyp)PK 95 PHTFNMGQHS(/NK 120 VYKPIAHYDSPVYK 120 RPGADIFYEANPR 103 [568.3PSWWPD(/LIHYp)VYVVNER TTOF, g/TOF
yzert Number of Average 11010 483 7.0 L(2)AILKKLIDL 100 AYTENMGQH(L/SK 130 VYKPHypASHypSPVYK 120 (VG)PGADIFYEANPR 5.3 [235.19]fv[214.05]pfw[212.15](1/L/IHyp)VYVV[243.15] ES, MALDI, E 3DIT, g/TOF
LS laboratories* soore? 47223 445 60 galli)(psgag(iiipk 10 ag(i)spgvsmihpck 7.0 wkia)p(iapcpsvyk 140 GVPGADIFYEANPR 165 FPHvanswadpd(ii)wwnER MALDI  TTOF (PSD)
Single instrument used 4318V 420 20 KLUDKIK(WLHYDPK 100 YATFNMGQHSLK 80 VYKPHyPASLSDFPK 40 GVDNAEYFLAGPPR 180 FPHVANSGEWPDLVYVVDQR MALDI  TTOF
51952 410 20 (KIQUULILYIL)KIQIKIQ)IL)ILIPK 110 AYTFNMOXG(KIQHS(ILIK 120 VY(QIK)PHYPAS(IHyp)SPVYK 7.0 P(K/Q)DLFYEANDR 90  [938.57WpdLVYVV[243.14R ES  qTOF
g/TOF 13 385 99999 410 50  (IL)QK)IL)(IML)QK)QK)IL)ILIPK 110 AYTFNMoxG(Q/KHS(IL)K 110 VYKP(IL)AS(IL)SPVYK 11.0 GVPGAD(IL)FYcgPGPR 30 (CS)(ILNVVYV(IL)DP{1110.5] ES  gTOF
[Enia 10 241 73108 400 20 KLLKLGALLPK 110 AYTFNMGKHSLK 110 VYKPASLSPVYK 7.0 GVPSLRFYEPGKR 9.0  PDLVYGFFWPDLVYVVGWR ES  q/TOF
17999 400 60 (ILGAULIILQIK)ILAGHLHYP)PK 95 YATENMG(QIK)HSLK 110 VYK P(ILAS(IL)SVPYK 135 GVPGAD(ILJFYEANPR ES  qTOF
TTOF 9 432 98166 380 75 (WGAWIMLIKQUKQULIILPK 105 AYTFNFG(KIQHSHYPK 95 VY(KIQP/LASS(NPVYK 105 RPGAD(ILJFYEAGGPR 0.0 TFNFg(KQHSHYPK ES  3DIT, q/TOF
VAN — 27406 380 70 (WGAWLQK)QK)IL)ILIPK 110 AYTFNMG(KIQHS(LINK 85 (W)KIQP(/LAS[279.12]VYK 115 VGPGAD(ILFYEANPR 0.0 AYTFNMOXG(QIKIHS(LINK ES  gTOF
91741 315 35 (QKILRWK(ILILPQIK) 85  HPTFNMG(QIKHS(IL)(QIK) 35  PHGVPIASPCPVY(QIK) 140 GVPGADIFYEANPR 50 FNFASEGWWLVLVYVVRDK MALDI  TTOF
Q/TOF + 2 an7 91573 310 10 TFNMOXGQHS(ILK 115 AYTFNMoXGQHS(ILK 100 VYQP(IL)AS(IL)SpvYK 115 [156JPGAD(IL)FYEANPR 00 T(/L)(L)VNGVMYF[400] ES  qTOF,3DIT
51583 V320 20 KLLLKKLHypPK 10 PHTFNMGKHSHYPK 50  AYRPIASISPVYK 120 RP(GAD)IFYEANPR 120 EDHVANSVSVSHYpVHYpVYVVNER MALDI  TTOF
lon trap + 18 311 70091 310 6.0 LGAIK[467.2]PK 10  [221.0]PA[427.0]NFTSK 100 VYKPHypASHYpGPKYK 140 GVPGADIFYEANPR 0.0 [678.2]t[424.1]wegs(iliHyp)av[381.3] ES,E LT
TTOF+ 13 464 19351 300 60 AYTFNM 120 VYKPLASHypSPVYK 120 (VG)PGADIFYEANPR ESE  qfTOF, LITFT
27974 295 00 [2426J0L)QIK)(IL)QIK)L)[356.5] 120 AYTFNMGQHSLK 6.0 VYKP(/LJAS(/L)SHDPR 95 RP(QIKID(ILFYEANPR 20 (IVWYVIILDPW(?) ES  qTOF
lonization mode 17017 260 45  (QIKHYPULYQK)IQIKIILIILPK-NH; 13.0 WYKPHYPASHYPSPVYK 85 RPQD(/L)FYEANPR ES, MALDI, E3DIT, PSD
s 2% 249 12144 250 00 aygpipysippr 20 agplascppuyk 110 VYKPLASLSPVYK 120 gupgadifyeaggpr ES  qTOF
32466 220 10 KD@)(Makasyk 115 AYTFNMGQHS(ILK 10 cmTFNkgihsLK. 85 RPQD(/L)FYEANPR ES, MALDI 3DIT
MALDI 13 438 78544 213 00 VY(QIKAPS(LI)SAPYR 0.0 [235]T(Mox/F)(114)(MoXIF)[185] 9.8 VY(QIKIP(ILIHyp)AS200/PVYK 115 RPGAD(/LJFYEANPR ES LT
1467 195 50 IgalKGALI)(LIPK 10 (UN(QK)SHPSMNFTSK 10 [649)vasapadk 40  RPQD(/L)FYEANPR 85 RPQD(/LJFYEANPR ES  aoIT
ESaMATD! 5 &0 52104 195 10 (UL)PASHyPSPVYK 125 VY(KIQPHYPASHYPSPVYK 60 PQDLFYEAGGPR + neutral loss of 157 ES, MALDI q/TOF
/TOF, quadrupole time-of-flight; lon trap, 3-D or linear trap; TTOF, tandem time-of-flight 80053 195 195 FPHVANSGEWPD(/L)VYWNER
2 Four laboratories did not report the ionization method used. 54321 185 80 VYKP(LIASHCRYK, +Cys(0x) [+16,32,48]  10.5 RPGAD(LI)FYEAGGPR ES  qTOF
s 5 85035 V 180 50 LGAR)(?)QQU)(2PK 10 FSTR(2)FAVHTVK 30 YVKPMSSA(2)P(2MK 40 RPGAD(?)FFNFHGK 50 [1449.6094VYWGWR ES  gTOF
‘Avmge total score for all peptides analyzed by the indicated insirument or ionization mode 10523 V120 00 [243.09](1/L)(L)[126IDK[355.36] 00 [145.09]DSH(/L)(L)GQF(336.44] 60 [263.13KP(IL)ASH[422 821K 40  GVDRNAGSYFA(/LPR 20 Fl2005.2IR MALDI  RTOF, ITITOF
This category represents each instance of the use of the indicated instrument. A number of 87458 105 00 (RD)(P Q/K)L(F/MoX)YEAN[315.01] 4.5 (YAIFSIHPIMC)T(MoxIF)NMG(QIKH(EAITVICP. 0.0 [262.32)(QIK)P(LAPS)S(TV/CDILS/EA)487.1¢ 6.0  (Q/K P)DL(FIMoX)YEANPR 0.0  (YAIFSIHPIMC)(F/MoX)AYYVLDPW[920.54] MALDI  TTOF
laboratories reported use of more than one mass spectrometer to generate sequence information; 1605 88 00 (KIQHYPIL)(LGKIQAHP(ILIPK 65  YATENMNAS(ILK 10 VQNNMOXYEANPR 13 ED(/LIHyp)(KIQ)TNHPK 0.0 MOXDQPHYPASAEDEDK ES LT
however, details were not always provided about which specific instruments were used for each P 50 00 V(2KPLAKHYpIPVN 50  AYTFHYPMIEH(Z)Lykr 00 L()AIAKSLSEA 00 SPLVNDGQE(?)K E
sequence analysis. For this table, if a specific instrument was listed, it was included in the P a0 W ERTETeX = W
appropriate category. 7974 00 00 KN(ILHyp) Es oIt
49495 00 00 (VY)(QIKIPSPILS(PV)Y(KIQ)
47551 00 00 VYKPHypASHYPSPVYK(K)
11089 00
A"V shownafter th idenife ndicate ha the particpating aboratoryis an nstrument vendor,
residues as follows: Score = XC + yN + zM, where the number of consecutive correct residues sarting at the C-terminus is XC; at the N-terminus, yN; and in the middle, zM. Lack of differentiation between isobaric or nearly isobaric residues was scored as follows: llefLeu, 0.5; GIn/Lys, 0.5 GIn/Lys/Hyp, 03,
Adbreviations: 3DIT, & dimensionlfon rap;E, Ederan; ECD, electro capture dsoclatlon; ES,electrosray; yp, hyoxyprolin; LIT, IT-TOF, ontephime f fightearlon trap: LIT5T,lnear o rfFoule ransforn Py MALDY st s chRrpononation; WG, v ol mes: o ciad et PED, pustaure dray o TOF,
quadiupoleime-of:fght; RTOF, efeciro ime-of-fgh; TTOF, tandetime.of figt. The crrectsequnce s shovn on th firs esuls ln. All methodsand instrmens used by alabortory ar ised togther; ina fow cases, and s not specified
in the table. Some groups also used PSD and one used ECD, a5 noted. Additional detals can be found




