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The difficulties in mass data analysis

* Although the techniques of genomic sequencing are
being expedited dramatically, there are still a large
number of unsequenced genomes, which takes great
difficulties for proteome study of those species.

 There are large number of SNPs in genome and
unknown PTMs in protein.

* There are still big percentage of miss-annotation of
the sequenced genome.



Large number of miss annotation of 7.
tengcongensis genome
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The technique of de novo for peptide improved

greatly
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Questions

* Is it possible to determine a bacterial
proteome by de novo with its genomic
data being unknown??

 Is It possible to Iimprove protein
identification and further correct genome
annotation using de novo?



» De novo for mass data from the proteins with
unknown genes

» De novo for mass data from the proteins with
predicted genes

€ Chemical labeling de novo

& Label free de novo




SPITC: A N-terminal sulfonation reagent
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Label free de novo

Unlabeled
sample

High accuracy
mass

De novo
software

Auto de novo




From an unknown genome to
a measurable proteome:

Studying on the pH-dependent proteomes in N10 bacteris



Alkalimonas amyl/lolytfica N10 was selected as
the target

* The N10 bacteria is a kind of gram negative
alkaliphilic bacterium, which survives from pH 8.0-
11.0 with an optimal pH value is 9.4.

* It Is generally accepted that the N10 proteins,
especially on membrane, widely respond to the
alternations of environmental pH and form the
adaptive networks to maintain stable pH in
cytoplasm.



The mass spectrometry strategy

2-DE Spots
In-gel Digestion
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The data analysis strategy
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spectra
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The stringent criteria for de novo sequencing

A deduced sequence should be longer than 7
amino acids.

* A protein should be identified upon at least two
unique peptides.

 For MS BLAST, the threshold scores should be
higher than 68, 102, 143 and 177 corresponding to
high scoring pair values (HSP), 1, 2, 3 and 4,
respectively

* All the deduced peptides should be gained from
multiple preparation of samples, at least two.
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Result 1--identification of differential protein
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Low identification rates achieved from
conventional database-search strategy

« Statistically, 7 of 26 spots in the
membrane fraction and 6 of 46 spots in the
cytoplasm were identiflied as bacterial
proteins, respectively.

* Only 13 proteins were identified at the
identification rate of 18.1%.
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Result 2--ldentification of different
by SPITC derivatized de novo
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Result 3--Identification of differential proteins
by underivatized de novo
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Conclusion Table

Differential spots

Mascot search

Normal de novo

SPITC-de novo

Membrane 26
Cytoplasm 46
Total 53

Identification rate 73.6%

7172

6/72

13/72

18.1%

9/17

13/32

22/49

44.9%

10/17

23/32

33/49

67.3%




Result 4--Genes of the identified proteins could
be amplified and validated by real time PCR
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Result 5--Validation of differential proteins by
Western blot
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Functional analysis of proteins identified

Function analysis

19% 12%

36%

B Transporter/binding

roteins
@ Eectron transport

and ATP synthase
O Metabolism
O Protein synthesis

O Others




Summaries

« Based upon the current techniques, a combined
strategy for de novo sequencing derived from MS/MS
signals is feasible and able to achieve accurate
identifications;

* The de novo sequencing is not only successfully in
annotation of single proteins, but also useful in
proteomic investigation for live species whose genomic
data is unavailable, at least for differential proteomics;

*In the N10 bacteria, membrane and metabolic
proteins play the key roles in pH homeostasis within
the cells.



De novo sequencing applied in the mass
data from species with known genome



Why we choose 77E
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Sample preparation
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The data analysis strategy




Unmatched spectra after Mascot search




Spectra refine

»Merge the spectra with precursor mass
difference no more than 2ppm and retention time
difference no more than in 1min.

» The precursor charge state between 1-3.

»Precursor mass between 800-3000Da.

»Spectra quality value over 0.7.



Peptides obtained by De novo

20522

7342

3671

unmatched refine denovo peptides




Database homology search

TTE2588
database

60RF Database

All bacteria




Peptide and protein filter

Peptide

»Peaks evaluation score is over 0.8.

»Match to 60RF database, at least 7 amino
acid per peptide.

»No match to reverse database.

Protein

» At least 2 unique peptides per protein.

»At least 7 amino acid per peptide homology
matched to the target .




Definition of new peptide and new protein

New peptide
»Match to 60RF database, but no match to
TTE2588 database.

»No match to reverse database.

New protein

»Exist in 60RF database, but not in 2588
database.

»Match to some other proteins by BLAST.




Peptide identification rate has improved combinning
with de novo

B New spectra M New peptides

100%

51%

) I_

Total spectra Identified After de novo




Proteins identified with De novo peptides

ew proteins, 5

Totally 70 unique proteins were found with high confidence
against the NCBI nr bacteria database



Peptide identification rate improved combinnig
with de novo

i Mascot unassigned spectra

Original
nnnnnn bkl AL ‘ . "1‘0-;! S
Zoomed



After de novo sequencing
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This spectrum matched to PFOR protein



De novo improves the reliability of identified proteins

1 MK IS ENGIDYLKKY ADVDVKTNIS REELLEVIKD YDAIIVRSAT

51 KVDRELIEKG EKLKVIGRAG NGVDNIDVEA ATQRGILVVN TPAGNTIAAA
101 ELTIGLMLAI ARNIPQAYHA ALNGDFRRDR FKGVELNGKT VGIIGLGRIG
151 SLVASRLAAF NMRVIAYDPY MPDERFEKCG VKRVTLDELL EQSDFITIHI
201 PKTEETKKMI GEKEFKKMKK GVRIVNAARG GIIDEKALYN AIKEGIVAAV
251 GLDVLEVEPK YNVEHQDFHN PLLELPNVVF TPHLGASTYE AQENISIAIA
301 QEVISALNGN LYGNIVNLPG LKSDEFSRLK PYMKLAEVLG ALYYQINETP
351 A G EVAKSNTEIV TLYAIKGFLK PILEEDVSVV NAKLRAKEMG
401 IEIVEGKIEE IDHYSSLVIL KITDTNGKRT QFAGTTYGEE LRIVEYMGHK
451 VNFEPTEYML FVKNKDVPGV IGHIGNVLGD FGINISTMQV SPNKNDGTAL
501 MLVSTDKEIP EEAVESLNKL NSIIKAKAVK GLV

gl|20517622 Mass: 58877 Score: 25 Matches: 4(1) Sequences: 3(1) emPAI: 0.06

Phosphoglycerate dehydrogenase and related dehydrogenases [Thermoanaerobacter tengcongensis MB4)
Query Observed Mr(expt) Mr({calc) ppm Miss Score Expect Rank Unique Peptide

594 351.7234 701.4322 T701.4323 -0.23 O 5 0.79 9§ 9] K.ITVIEE.I
35981 453.2737 904.5369 904.5382 -1.41 O 4 l.e 3 9] K.LIEVIYR.G 3380

rrrrr

20998 T34.843% 1467.6733 1467.6704 1.5% O 25 0.002% 1 U R.VIAYDFYMPDER.F

It is very difficult to determine if this protein was true or not



De novo improves the reliability of identified proteins
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Mascot search combined with de novo

ol

101
151
201
251
301
351
401
451
501

MK IS ENGIDYLKKY ADVDVKTNIS REELLEVIKD YDAIIVRSAT
KVDRELIEKG EKLKVIGRAG NGVDNIDVEA ATQRGILVVN TPAGNTIAAA
ELTIGLMLAI ARNIPQAYHA ALNGDFRRDR FKGVELNGKT VGIIGLGRIG
SLVASRLAAF NMRVIAYDPY MPDERFEKCG VKRVTLDELL EQSDFITIHI
PKTEETKKMI GEKEFKKMKK GVRIVNAARG GIIDEKALYN AIKEGIVAAVY
GLDVLEVEPK YNVEHQDFHN PLLELPNVVF TPHLGASTYE AQENISIAIA
QEVISALNGN LYGNIVNLPG LKSDEFSRLK PYMKLAEVLG ALYYQINETP
A G EVAKSNTEIV TLYAIKGFLK PILEEDVSVV NAKLRAKEMG
IEIVEGKIEE IDHYSSLVIL KITDTNGKRT QFAGTTYGEE LRIVEYMGHK
VNFEPTEYML FVKNKDVPGV IGHIGNVLGD FGINISTMQV SPNKNDGTAL
MLVSTDKEIP EEAVESLNKL NSIIKAKAVK GLV

The reliability of this protein is obviously increased



A new protein

Thermoanearobacter italicus S Iayer proteln

Thermoanearobacter mathranii

TTE 60RF




One of the peptides matched to s-layer protein

Intensity (%)
1007 @
ATTLMTDVKDDAYASLQR
a0

Wi
b1l

w13

yid

k10

i via

1T—bis

! T T T - !
500 1000 1400 2000

w3
wid
b7-HZ20

N o




=i [#HO5TI402
=i |25533TTLS

zi |269579402
i |25533TTIS

=i |259579402
i |25533TTIS

=i |259579402
zi |255337T15

zi |269579402
zi |255337T15

£i |289579402
£i |25533TT15

£i |289579402
gi [255337TT15

=i |259579402
zi |255337T15

zi |259579402
zi |255337T15

i 259579402
=i |25533TTIS

=i |2895T9402
=i |25533TT1S

=i |259579402
zi |25533TT15

MESLEET TAYVYLTFATLYFSAMAVGFAATTPFTOYEDDAF T ASAVART Y AT HTTHGHTIGT
MEHLEET TAYYLTFATYFSAMAVGF AATTEFFTOVEDDAT Y ASAVART Y AT HT THGHTDGT

YEYDREYTEAMM Y FYHEI SGYRHLAE o A KW o P AF =IVSENY WAYGOTHLA A BT GLTHG
YGYDEEYTEAMM + YFYHEL S ENLAEmARHI + FAF LD VEERY WAYGOTHL A BT GLTHiz

VGHGLEFHE EGEYT T ARAT GFMLHALGT EDLSHF Y GYLARKAMDI GLavw=01 gl HIVInRS
VGHGmFOPEGEYT Y ARAT GFMILHATLGT EHLSWE T GYYARAQDTGL t az] Hr aHOVY + Rz

qLAT TMDEAT DREY ¥ lo- T D e HiHFVLGOELTSET + D T AT LT YATFIVDSS WA AGEVLYE
dLATTMDEATDRATY + =¥ + HGHF VLGHELTSEY alle Tr TLYYATPIVISHY A g GEVLYE

e¥astETtE¥r SFEtATTIDAGATIFHQYLGEYVYLIYT abn Gl o PLAYIYFT TI#TFT An
glldvHSdEY 1 TFEaATTTHAG t ¥IFHEYLGEVY AVYS 1 KEgGD-PYSYIVYSTOLTFT Al

HdHo¥AHAYYTE dgnyTEL—— =Skt pT¥ T HGwET TLzad gww I Y TGANY + LTOTOHDG +
SEHvYEHSYTHD g=low ¥ T d t pAnw t FITHG gETTL d qvra t 1T T MW AT TOTHHINGLCY

DY AV To A FEyrap Lt ¥ eSD¥=AST a¥Tlet Hel———E1Q¥S Gz =T A VTGS WSLSTITE
DYAYIT A Y B o=Vl t ADVISTIRFLovHnVsmeS v RLAG dp ¥lct VYW TGS YT =LTITE

LDV VY Y S aNGSEVTLEVTRD =T + GEWTEVAqa=d gl 3 TwTTdzEDY e ¥S———GHy T
aGIY Y Y A=T i DGSEYTL] VRNl eGET TEVA— 3 dgsT tTaTT gdEDY t ¥A gy 1 nisHas

———pg¥GdEGTF al DENGLT aleFTiGwt AT e HY ATVLz1 D11 = s aHpQTET fTSEGE t w1
gakat ¥EgEGTFvILDEDNGnT 1 GFTGkgAT aHY AVT.La fHalllvwnl gEYEL] TATIGE-Y

YpwdtSedi pavesDLISYSIOSDIHAYT AT tvyendan DS pH————— dw ¥ D=0TYVLa——
Y=tiwTsttypzstnlITITYSTOSHEw YT aln=—plit allT dHvvainaz aa AHENTHY L tw=

- 1a¥YLASSTVWF Hos—— D0 A¥ T+ ¥ AYSDITv IS LEV-aM ol AT GrVEAL~TIEASLS -
=t t TIMtHRTVIFHym= t DD =¥S VI SOITLDTLRVLcqLw D g ¥ G5 VEAT v LHESSLT &

EzeeASvLYGi VT dy STVt = 46— T3 ¥EL t VL aHrAEQTFTT + IV alFvlST et Svivy
EqsvSSt VTG ¥T o TTIdl zs6nT oV KLY Lo HzSEQTI TTInHLt ~F t pST gaha——-



Why could not find the homology protein in 77E7?

LIAFVVSFALVFGAMAVGFAATTPFTDVK_LVALDITKGVGDGKFGVDQP

N
VIRAQMVTFVNRMLGYEGLAEMAKAEKSVFKDVPOQNHWAVGHINLAY QMGIAKGVGD

GKFDPNGRLTYAQAIAFVLR_QDIGLTAGINLAYNQWLRGDL
ALVLDRALQTPMMGKETQGDKLISKVANVTKYLWATPDVDSNVAAGKVQVK.
EVKDGVITEADATTINAGNIDENK YL GKY VEVY TVK STGEPVEVDVIAIPERSF TAKRFEV
VNTVVYNDNK_TTIDQVLA.KAKVEDGASVT[LAPDNKTYNY

MIVNDSFKYQNVRVTADVK AGDKFINANSSLRIAGDPVKTVIVKGS VDK VTDIKANDITY
YGTTVDGSKVTIL\NRDKVEGKVTTV]DDGAKVV[NDKTYTVKGY&EN‘K_
_VSAAAENYAIALAAEAYGPLTGGKVELLTAEGKKILDAKYDAAVAA
ETYARNKDLVTYTVKDNKVDSVKRVE}

By 6 ORF database search



Why could not find the homology protein in 77E7?

[ 2454233 b [ 2402501

TTE25495 TTEZEN 2 o TTE2E04
TTE25949 Colol + 4 TTEZBNS

AbAAACAAAAATALAAAACTCTTTCAAAATTAAAGTACAAGGAGGAGGATTAACTGTATGAAGCGCCTCAAAAAGTTAATAGCGTTCGTGGTAAGCTTCGCAT TGETGT TTGGCGCTATGGCAGTAGGCTTTGCAGCAAC
& AL T T A CGATCTGAAGGAT A TGO GO T TACGC AT CAGC GG T GG T GAC TG LT GG T T TGAT AT TAC A A A GG T CT TGGGGAT e AR AT T TG AGTAGACCAACCAGTTACAAGAGCCCAAATGGTAACAT
TG T CAACAGAA TG TG TAT GAAGGCT T GG AGAAATCGCALAAGCAGAAAAATCAGTATTCAAGGATGTACCACAAAACCACTGLLCAGTAGGACACATCAACCT TG ATATCAGATGGETATCGCTAAAGGTGTA
GGCGATGGCAAATTCGATCCAAATGEGLGETTGACCTACGCACAGGCGT TAGC AT TCGTACTGAGAGCATTAGGATATCAAGACCTCTCATGGCCCTATGGAGTACTTGCAALAGCTCAGGACATAGCTTTGACAGCAGG
AATCAATCTTGCTTATAACCAAGTAATGCTCCGUGEAGACCTTGCATTGETGCTTGACAGAGC ACTTCAGACACCGATGCETAAAATATCTAGATGETAAAGAGACACAGGGCAGATAAACTCATATCAAAGGTAGCARACG
TTACAAAATACTTAGTAGTAGCAACACCTCATGTAGATAGTAATGTAGCAGCAGGTAAAGTACAGGTTAAAGGCATAAAGGAAGTAAAAGATGEAGTAATTACATTTGCTGATGCTACCACTATAAATGCCGLCAATATA
GATTTCAACAAATACCT TG A AL TAGT TG AAGTATATACTGTAAAGAGCACAGGAGAACCTGTAT T TG TAGATGTAACGGCTACACCAGAGAAATCTTTCACAGCAAAGAGCTTTGAGGTAGTTAATACGLTTGTCTA
CAATGATAACAAGAAACTAGTAGAAAT TCCTAG O TACAGAGGTAACTGTAATTTACAATCGAGGAAAGACGACATTAGAT CAAGTATTAGCTAAAGCAAAAGTAGAAGATGCTGCAAGTGTAACAATATTAGCTCCAG
AT AT AGACATACAATTATATGAT CGTAAATGAT TCATTCAAGTATCAGAATGTACGCGTTACAGCAGATGTAALAGCTGGAGACAAGTTTATCAATGCALATAGCAGTCTGAGAATAGCTGCGAGATCCAGTALAGACT
GTCATTCTAAAAGGTTCTGT TGA A AT AACAGATATA A A G TAATGACATAATTTACTATGGCACTACGETAGATGGCTCCAAAGTGACAATACTGCTTGTAAGAGAT AAACTGGAAGGGAAAGTCGACAACGGTTAT
TGATGATGGCGCAAAGGT TG TAATCAACGATAAGACATATACAGTAAAGGGATATGC TCAGAACAALACTCCTGCAGTAGGCGATGAAGGTCTATTTGTACTTGATAAAGATGCTAACATTGTATATGCTATATTAALAG
TTTCCGCAGCAGCTGAAAATTACGCTATAGCGC T TG CAGCTGAAGCAT AT GG TG TAACAGG TG A AG T TGCAAC T TCT TACAGC THAAGGCAAAAAGAT AT TAGATGCTAAGCTATGATGCAGCAGTAGC AGCAGAG
ACTTATCOGAGG AL A AGATTTAG T AACATATACAGTAAAAGACAATAAACTAGA AGT CTCAAALGGGTAGAGTACACGTTCCTGLTTCTAACAATGTAAC T TATGATCCAACTAACALAGTATTAGGAGLAAGCCTC
TATCTTAGTGATAGTACATTAATAT TCAATTTGAAAGACAACTCTGTAGTAALAGT TGGCCAC AT TACAGTTAAATCTCTAAATGTTGTTGGAGCTATTAAAGGAGACTACAACTATCTCAAAGTACTAGTCATCAATAG
CGATATAACAACAL AR AGA LA CTCACGTAA A AT AT TGTATATGGT TATGTAAC AGACTACGTGAAGTATACAGT TGCTGATAACAAGACATACTATAAGATCACTGCACTAGCAAATCGTGGAGAAGTAACATACA
CCTCTGATAAAGATGTAATTACAACTGCTCCAGAALAAGGAA AL TATATCTATTTAAACT TCATGCAAATGEACTAATTATTAAAGATTTAGAAGCTAGTTCAAGTTAAAGATACTGGCAAAGTAGTTGATTATTCAACC
TATGGTATAAAGAT TCAATTAGCAGAT AGTACCCGAGCAGAATAT G AT TAGATAAT AACCTAACAGT TCTATCAAAAGATGETAAAC T T GCTCGATTAGGAGATTTAGC TAAAGGCACAACAACAGTAGAACTCTATGT
AAACAGTCTAGGTAAAGTAGTAATAAT TAAGATAACCAACTAACACAAATAAAAAAAGAGTCCTCCTCCTTGGAGGACTCTTTTTTTATTATGATAAATAGTATTTTGCTCAAAGTTCAACATAACTCAAAAATCTGTAT
AATTAACAAAAGACTTGGEGAAGGAGETTATACAAL LA AGGCTCTTTGTCAATAGT TGGGGTGEGTATTTT T TCTGAATGCCCACCTAAGCCETATGCAAGTCTTTTTAGTACTTTAATTTTATTGTTATAGCCTTCTGTT
ACAGAATTGGTGTAAGGAAACATTAGCATTTGTTATTTCTTCAAACCAACGCTTAAATACCTCTATGCATCT T TTAAATTCATCAATTTTGCT T T T T TAGT TAATTGCATCCATCTTTTTAGTTCTATTTTTGCTTCCT
TTGAATTTTTGCATTTTAACACTCTAT TACTAAATTCTTCTTTTAAAAAGTGTACCATTCTTAAATCGGCACTGTGCCAAAACATTATTTCCAGCTTTTCTITTTGT TCGGGCCTTAAGGTATCATATTTTGCAAGAAGT
AGCTTACGGCTTC T T T TGAAATATCTCCTTTTATCTCT TG TAGC TCT T T T TG AC T T T T T T TACAT T T TCTA G CCAATATACGTACC T T TAAATTCATCTATACTGATAACTTCAGGCAATATCTTATAATCA
GCTTCCACTCCTACTGTATCTAAAAGTCTCATCACTGTCGTGAT TGATACCCCTGTAACTTCAGATATATCTTTCATGC T TTGTTGT T T T TTAGTTGTTGTAGTATGTAAATAGATAATCTGTTGGTCATTCTATGGTAA
TG T AL AT AGTCTAT AT G T TCAT AGAATTTCT T C CACAGTGT TTACAAACATATCTCCTCTTTT T TAGTACTATCACTGTTGGTTTCCCGAATAATGGTACATCTTTTATTCTTTGTACTCTATAATCATGAATCTT
AGATGTTATT T o C AT TG A A A TATG TG T T T T GT T T CAT T TAATA TG TAGCTCTATTCTGT TG T AT T TCTAT TATATCTTCCCAAATTATATCTTCAGATTTTAAGAAATTTGTGATATAATTACCTT
GCACTTATTCTGATGCCTCCTTTTGTTGGGTTGTTTTTAACCACTTCTATTATAGCAGGCATTCAGAATAAGTE?TQIQTTTTTTATAGATTTCTTTTCCACCACCCCAACATTTATTATAGAACCTGAAAAAAATATAC
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Summaries

Spectra identification rate improved combined the
database search with ge novo sequencing.

The matched proteins are mostly 77E proteins,
which indicate the homology search results are
highly credible.

Most of the proteins matched to other bacteria are
also exist in 77E as indicated by BLAST.

There are 2 proteins matched to other bacteria but
not found being exist in TTE, which indicating
TTE genome miss-annotation.



conclusions

»proteome could be performed by de novo even
under unavailable of the genomic data.

»Spectra identification has improved although
the protein identification increased unobviously.

»De novo sequencing could help correct the
genome annotation.



Discussion
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