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401 RESCALE MASS SPECTRUM DATA SO THAT PERIOD

WO 02/661661 PCT/US01/49491

~'s tomu (e.g. (M/Z)I = (M/Z)IAGWAL
- f

|

FIG. g

403

[

" INTERPOLATE COUNTS TO GENERATE EVENLY SPACED DATA'
(e.g. 70 ASSURE THERE ARE SUBSTANTILLY NUMBER OF
BINS FOR ALL BLOCKS IN THE MASS SPECTRUM DATA)

FOR EXAMPLE, CALCULATE ]
COUNTS ‘ =
(INTERPOLATED) o
[mﬂ)m -m«/zJ,_o,,]Lcowslm-com | ]

T [ "]

LOW- +0OUNTS]

=1

AND [TERATE ON f 70 MINMIZE ERROR |

405
- - / .
NORMALIZE COUNTS (TO SUBTRACT OUT ERROR/
. m(;?msaw
| ronmmmclﬁ ATE
COUNTS =COUNTS, -y
———— (wTERPOLATED) " COUNTS | o i,
~ DEVELOP AVERAGE FILTER (DECONVOLUTION) KERNEL
e.g. o
N BLOCKS o i :I
COUNTS [yrna A
=1 BLOCKS
y (munm[{«x-mummm)
1
- 409
N BINS —
DETERMINE KERNEL ERROR—--ERROR= T KerN

FILTER OPTIMAL KERNEL FORM COUNTS. e.g.

COUNTS )i =COUNTS |i —CONSTANT X COUNTS)
FILTERED |NORM IKERN
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o T S
coleifimie MORE m PROTEINS)

LABEL PROTEINS WITH COVALENT
MASS LABEL

DETERMINE COMPLETE OR PARTIAL PROTEIN
SEQUENCE FOR EACH SEPARATED LABELLED
PROTEIN BY MASS SPECTROMETRY (e.g.
ELECTROSPRAY USED IF PROTEINS ARE

MALD] USED IF PROTEINS ARE SEFARATED
BY GEL ELECTROPHORESIS)

SEPARATED BY CAPILLARY ELECTROPHORESIS;

FIG. 1\
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(e.q. LABEL ONE OR MANY EXTRACTED
PROTEINS WITH A MASS LABEL) AND
ISOLATE EACH LABELLED PROTEIN/

- " POLYPEPTIDE

)

LABEL PROTEINS/POLYPEPTDES | —

PERFORM COLLISION INDUCED, IN SOURCE,
- MASS SPECTROMETRY FOR EACH ISOLATED
PROTEIN /POLYPEPTIDE

.{_

PCT/US01/49491

251

253

255

TRANSMIT DATA SAMPLE REPRESENTING
MASS SPECTRUM FROM MASS SPECTROMETER
TO PROCESSING SYSTEM

FILTER DATA TO REMOVE PERIODIC NOISE

PROCESS FILTERED DATA AUTOMATICALLY

257

259

-~~~ TOOBTAIN_PROTEIN SEQUENCE (OR PORTION

OF PROTEIN SEQUENCE SUCH AS A PST—
PROTEIN SEQUENCE TAG)

FIG.\Z
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Jo1

STORE A PREDETERMINED SET OF MASS/CHARGE
M/Z) VALUES FOR AMINO ACID SEQUENCES
e.g. STORE M/Z VALUES FOR ALL POSSIBLE

EXPECTED FRAGMENTS OF LABELLED TERMINAL
PORTIONS OFf ALL POSSIBLE PROTEINS)

)

'/3 03
DETERMINE AN ABUNDANCE VALUE FROM SAID -
MASS SPECTRUM DATA FOR EACH M/Z VALUE

IN THE PREDETERMINED SET OF M/Z VALUES

J05

CALCULATE A FIRST RANKING (e.g.
ABILITY), BASED ON THE ABUNDANCE
VALUES, FOR EACH SEQUENCE OF A SET OF
mmmo-gg)smumcssmwm;q
FIRST NUMBER OF AAs (e.g. 3 AAs)

.

: . 307
CALCULATE A. SECOND RANKING (e.g. |
P ), BASED ON THE ABUNDANCE
VALUES, FOR' EACH SEQUENCE OF A SET OF
AA SEQUENCES HAVING A SECOND
" NUMBER OF Ms (e.g. 4 AAS)

K17

CALCULATE A CUMULATIVE RANKING (e.g. A
CUMULATIVE PROBABILITY), BASED ON THE ' '
| FIRST _RANKING. AND-THE SECOND- RANKING, |- - -~ - oo e
FOR EACH SEQUENCE OF A SET OF AA
SEQUENCES HAVING AT LEAST THE SECOND
NUMBER OF AAs

FIGA3
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351 .

FIG. WA | | ~

FOR EACH POSSIBLE EXPECTED FRAGMENT OF A
TERMINALLY LABELLED SEQUENCE OF AAs, PERFORM
LOOKUP IN MASS SPECTRUM DATA FOR ABUNDANCE

| VALUE AT M/Z VALUE OF POSSIBLE EXPECTED FRAGMENT
(e:g. Cyj k1= LOOKUP [(M/2); ;1))

¥ - /
' DETERMINE MASTER COUNT, FOR EACH PARTICULAR

POSSIBLE SEQUENCE, OVER ALL POSSIBLE ION
TYPES AND CHARGE STATES FOR PARTICULAR SEQUENCE

I53

e-g- MAX MAX
_ CHARGE ON
o STATES TYPES
o= 3 3, Crykl
I=MIN k=1
CHARGE
STATES

I=NUMBER OF AMINO ACIDS (As) IN SEQUENCE
j=NUMBER OF POSSIBLE SEQUENCES (USUALLY, 197)
I=NUMBER OF ION TYPES FOR EACH RESIDUE
g’e. . ION TYPES a,b, AND POSSIBLY ¢ AT
- INUS AND ION TYPES x,y, AND POSSIBLY
Z AT C TERMINUS)
k=NUMBER OF CHARGE STATES FOR EACH ION TYPE

¥

FOR EACH MASTER COUNT (C}M) FOR A PARTICULAR

POSSIBLE SEQUENCE AT A GIVEN SEQUENCE LENGTH,
COMPARE THE MASTER COUNT T0 ALL OTHER MASTER
COUNTS FOR ALL OTHER POSSIBLE SEQUENCES FOR
THE GIVEN. SEQUENCE LENGTH TO PRODUCE A RANRING
OF MASTER COUNTS OF ALL POSSIBLE SEQUENCES AT
THE GVEN LENGTH OF MAs. FOR EXAMPLE, THE
COMPARISON -MAY BE A RANKING OF FROBABILITIES
WHERE EACH PROBABILITY IS A PROBABILITY OF A -
- PARTICULARSEQUENCE AT THE GIVEN SEQUENCE ~ |
LENGTH RELATIVE TO ALL OTHER POSSIBLE
SEQUENCES AT THE SAME LENGTH

.

- 357
T0 FIG. (4 B
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IN ONE EXAMPLE, DETERMINE Pi (A FIRST
RANKING) EACH PARTICULUAR POSSIBLE SEQUENCE
JAT A GVEN AA LENGTH & -

: cuu__ 'é} _
Pi=NORMAL DISTRIBUTION 2
' i

[

19/

= _ oM .
a 1§1 U)/s“
197 YRR
19

=1

(19-1)

. DETERMINE CUMULATIVE RANKING FOR A GIVEN
SEQUENCE OVER DIFFERENT SEQUENCE
LENGTHS ——e.g. CALCULATE

n
Rjn= ?:Tt A OR = Z’t i
' | ‘ CUMULATIVE
e.g p[cg A 4] + [Cg j.—,-A—A-—X]‘ = RANKING

\

J61

SELECT SEQUENCE WITH HIGHEST

CUMULATIVE RANKING "‘\3 53

15/41



19 APR 2005

PCT/US01/49491

131 NJ

=1 1= |
..G.N pYa ] .swu._.._-u t.\@ 1&:& N o meh&l:l.,t.hm s.fN Yo .:lﬂ_l_l..c_\t
u u

7 :
161 \ den / utl

WO 02/061661

! .
1 %:... 0 .
62 m .NW\Qs%&OZuwb ﬂlﬁh%mﬁi&ﬁ? Iq
:-...Q_C ‘ . m.N:u Nh.\mhu . MQZQ
6 . =[]} 161 . ) gzl 1Y 161
— /90 | Fzraf|| —Sr =10 s -\mulfﬁv o} | —toei )
g™ e rae™ < a2 761 1197 ¢ 3
" 16 A . 181 . i , 161
/ . — 7 i
L2l §3lvis 201! . S§3ivis
304VH? A“ 394VHD . -
. 12) U=y ey =y
iy s w f4]
£zl kL _u..IW _<Ssla : £l ~ rh .k 2
S3dAl  S3IVIS S3dAL SFIVIS
NOI  30YvH? NOI - F9¥VHD
XV XYW . . XVW XYW
2138V 11 1zywy]dnxioor = 111D b= 1211 o1t | .mmé. I .a\s&%xoa =1
Z2138gv1 <\ .OE .‘ 1138V



19 APR 2005

PCT/US01/49491

WO 02/061661

N9l

0

60

- (nWD) z2/W gIZ|TYWHON

80

970

I

L0

§0 70 £0 0

[] Ol

ASZE w.
AQCE
ASLE
A0S
ASZZ
- A00Z
ASLl
A0S!
A8z
A ool

\

nWo 01 < Z/W 1Y INISINd

AINO

MV3d AYVONOISS

10

™~
S

M
S

I
<

Wy
S

le)
<

o @ B X b @ % v 8§

A0S

TVIIN3IOd
312ZZ0N

™
S

©
<

b
o

—~— AVERAG PEAK SHAPE (75 -1825 amu)

17/41



19 APR 200

PCT/US01/49491

WO 02/061661

WS
02001

ASZE ©

AQQE ».
]

ASLT
A0SZ
ASZC
AQOZ
ASZLS
A0S
ASZl
A00!

ADS »

MVIINILI0d
J1ZZON

4 5 X B & X %

— ({) 0LV ONIDVLS QOIMId

08660

i

o

H

A

[ £

78

7

- w==STANDARDERROR =~~~ =

18/41



WO 02/061661 PCT/US01/49491
FIG. %A .
J

DETERMINE MOLECULAR WEIGHT (MW) OF A
PARTICULAR RESIDUE/SEQUENCE (e.g. LABEL
—Ala WHICH IS i=1, j=Alo) FROM NUMBER
OF ATOMS (N) OF EACH ELEMENT AND MW
OF mm"‘""-go X
. 'Wseq =Nox MWy + Ny MWjg+-Nyx MW ...
(WHERE N_= NUMBER OF CARBON ATOMS IN RESIDUE
MW, =12 (WEIGHT OF CARBON), efc,) -

)

PARTICULAR AND
DIFFERENT ION TYPE FROM MW AND
e.g. ADJgMWeeq =MWseq—a(adj);

ADJpMWseq =MWseq —b(od)):.

w
DETERMINE (OR LOOK UP) POSSIBLE CHARGE
STATE ADJUSTMENTS FOR EACH ADJgMWgeq »
" ADVpMWgseq. elc. AND CALCULATE CORRES—
PONDING M/Zs FROM THE ADJyMWseq . etc.

DATA AND THE CHARGE STATE ADJUSTMENT

’ DAm—-ﬂog.
M/Z=ADJ,,MWseq + 2 MHy
e.g., THIS PRODUCES A SET OF M/Z VALUES

FOR i=1, j=Ala FOR ALL POSSIBLE k
D | COMBINATIONS

SAVE (TEMPORARILY) IN L1 OR L2 CACHE

CURRENT SET OF M/Z VALUES

l

T0 FIG.1\46

19/41
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457

19 APR 2005

“T(OR mP'S SCRATCH PAD MEMORY OF POSSIBLEY Y



WO 02/061661 PCT/US01/49491

FROM FIG. 1R 459

4

PERFORM. LOOKUP IN MASS SPECTRUM DATA

AT EACH M/Z VALUE IN THE SAVED CURRENT

SET OF M/Z VALUES TO OBTAIN ABUNDANCE
VALUE AT EACH M/Z

461
‘.
ERASE CURRENT SET OF M/Z VALUES IN
CACHE (NOTE: MAY BY WRITING
NEW CURRENT SET IN LATER ITERATION)
_/453

REPEAT M/Z CALCULATIONS FOR NEXT POSSIBLE
ENCE (AND REPEAT M/Z CALCULATIONS
FOR ALL OTHER POSSIBLE TERMINAL SEQUENCES
UP TO n AAs IN LENGTH) |
(RETURN TO 451)

FIG. 13B
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ACCUMULATE A COUNT SUM AS DETERMINE EACH
COUNT (Cyj k1) FROM LOOKUP OPERATION
. (e.g. SUMj= PRIOR SUM;+G:,1,k,I)
FOR ALL POSSIBLE SEQUENCES OF NUMBER/
LENGTH OF Ms (e.g. i=4 Ads)

X

ACCUMULATE A (COUNT)2SUM AS DETERMINE
EACH COUNT (C; ;) FROM LOOKUP OPERATION

(e.g. SUMSQ; =PRIOR SUMSQ;+ (Cy;1.1)?)

FOR ALL POSSIBLE SEQUENCES OF THE NUMBER/
5 LENGTH OF As ()

1

OPERATION AT ALL POSSIBLE M/Z VALUES
- IN SET OF M/Z VALUES,
CALCULATE MEAN (C;) AND STANDARD
DEVIATION (O}) FOR GIVEN NUMBER/LENGTH (i)
e.g.
- SUM SUMSQ; —(C;
o - - SWC)

|

FOR ALL POSSIBLE AA SEQUENCE OF LENGTH i,
PERFORM LOOKUP OPERATIONS FOR ALL
POSSIBLE M/Z VALUES FOR THAT POSSIBLE
AA SEQUENCE AND DETERMINE RANKING FOR
THAT SEQUENCE (e.g. RANKING=Py , WHERE

P.. =PROBABILITY DISTRIBUTION /.M =
T ~ruNcTioN Cij - Ci
' a;

PCT/US01/49491

501

503

AFTER ITERATING THROUGH EACH LOOKUP P

507

“{ "AND SAVE EACH RANKING (e.g. IN NON—VOLATLE |

MEMORY) IN ORDER TO CALCULATE CUMALATIVE
RANKINGS

- FIG. v
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¥ The general structure of the photocleavable mass defect tag where
Br is the mass defect element that is linked through the amino acid
(R) to the remainder of the tag.
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{true & residue sequence)

|
|
| ! |
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5 ¥ . : . 3 »
_TCAGTGCTGCTGCAACATQ’ITACAGGAAAT}'—

“unknown’ sequence
M13 primer

v

5> AGTCACGACGACGTTGT:A 3’
v TCAGTGCTGCTGCAACATGTTACAGGAAAT =

DNA. polymerase DNA polymerase
dINTP mix 1 ’( dNTP mix 371C
ddATP* (see Fig }2:2-1) ddTTP* (see Fig 12:2:3)
ddGTP* (see Fig 1222) | ddCTP* (see Fig 1:2-4)
719 31>
. primer primer .
RNAse; denaturation removal  removal RNAse; denaturation
CAATGTCCTIITA* CAATGTCCTTT*
CAATG* - | CAATGTCCTT*
CAA* CAATGTCCT*
CA* CAATGTCC* MS
CAATGTCY g analysis
l CAATGT*
CAAT*
MS c*
analysis

T16.3b
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