Biomolecular Applications
of LC/MS




LC/MS for biomolecule applications:

“leveraged synergy across many technology platforms”
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Overview

Biomolecule LC/MS basics

- mass spectrometry (MS) instrumentation
 triple quads, ion traps, MS, MS/MS, MSn
- electrospray ionization (ESI)
e mass range, multiple charging
- Peptide sequencing
« database searching for protein i.d.
e De novo sequencing (a more advanced topic)

Methods and Applications

- Case studies
e Protein i.d. from gel-separated proteins
« Applications in biopharmaceuticals

- Automation strategies
e Sample cleanup
e On-line digestion
e On-line interaction screening
« Data-handling strategies



Information Obtainable via ESI/LC/MS"

» Molecular Weight
- confirmation of sequence
- screening for post-translational or other covalent modifications
- heterogeneity/impurity profiling
» Structural Information (via MS/MS or MS")
- sequence confirmation
- protein identification from database searching of fragment ions
- disulfide bond mapping
- determination of sites of modification or mutation

» Binding/Interaction
- on-line affinity selection or affinity chromatography



Challenges/limitations of LC/MS for Biomolecular Analysis

ESI/MS of intact proteins can be difficult if protein is too
heterogeneous

most protein i.d. requires enzyme digestion first

detergents interfere with LC/MS analysis and must be
removed which is non-trivial

low tolerance of ESI to salt and 100% aqueous solns makes
analysis of proteins in their native state difficult

Information and data overload!



LC/Electrospray lonization/MS
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Schematic Diagram of a Triple Quadrupole Mass
Spectrometer

A “tandem-in-space” mass spectrometer

different stages of mass analysis performed in discrete regions (quads 1 or 3)

IQZ is Non-Linear Collision Cell

Qo0 Q1 Q2 Q3

I
ESI Probe E — - - -
[ ]

= ] '
I I Hyperbolic, high I Electron
Square Rod lon Transmission to precision Multiplier,
Analytical Quads quadrupoles Detection System

strengths: great general purpose system MS, MS/MS, neutral loss and parent scans
useful for mixture screening, best instrument for intact protein analysis, no low mass
cut-off in MS/MS mode like the ion trap, data-dependent scanning

limitations: less sensitive than ion trap in the full scan MS/MS mode




Determination of Protein MWs using Deconvolution
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Importance of protein sample cleanup by LC/MS:
analysis of 80 kDa human transferrin
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Proteins require enzymatic cleavage before sequencing can occur by MS
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fragment ions
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«Use database search routines
to identify or profile known
proteins

«De novo sequencing requires
interpretation of spectra either
manually or by computer
algorithm

Fragmentation in MS/MS produces sequence-specific

epeptides fragment along the amide
backbone to produce sequence
specific fragment ions

«different patterns of sequence ions
are produced from the different
masses of the side chain groups

«ions containing the N-terminus are
typically of type ‘a’ or ‘b’

«ions containing the C-terminus are
known as ‘y’ ions

«tryptic peptides predominantly
produce ions of type ‘y’ due to the
presence of Arg or Lys at the C-
terminus



Schematic Diagram of the Finnigan LCQ lon Trap MS

A “tandem-in-time” mass spectrometer

different stages of mass analysis performed in the same physical space at discrete points in time

ESI Hea.ted Tube  RF-only lon trap Electron
needle capillary (ens multipoles end caps

N, inlets multiplier

Sheath Vacuum ——Vacuum_~" lon trap dynode
liquid pump pump ring electrode
lon formation lon transport M/z analysis
(1 atm) desolvation into vacuum

strengths: compact, MS", excellent full scan MS/MS sensitivity, excellent data
dependency, the ultimate peptide mapping system
limitations: limited storage of ions, 1/3 of low mass range lost in MS/MS modes




lon trap scanning terminology for bio-LC/MS applications

Data-dependent scanning

- Having the instrument switch scan modes once a signal threshold has been
exceeded

- A key advantage of the Finnigan ion trap systems
- Maximizes information content in a single LC/MS" run

LCQ “Triple Play” - a data-dependent scan type
- Full scan (find signals for MS/MS)
- Zoom scan (determine charge state to calculate MW)
- Full MS/MS scan (used to delineate peptide sequence, via SEQUEST
database search or de novo methods
Dynamic Exclusion - enhanced data-dependency
- lon traps yield excellent MS/MS spectra with a single scan

- Therefore, why waste instrument time collecting additional spectra on the
same signals?

- Dynamic exclusion - ignore masses (for a period) whose MS/MS spectra
have already been collected

- Allows “drilling down” further into the data

- Applications: complex mixtures of co-eluting peaks, e.g., complex peptide
maps



Example of LCQ “triple play” data-dependent analysis
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The “Dynamic Exclusion” Experiment
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identification

protein
database
pre-index to
speed
searching:
Turbo-
SEQUEST

mass search

100

]

cross-correlation~

Database Search Results
Database:genpept.fsa

File:ERFHASVR.dat
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Protein Information

(M88011)
(U61948)
(U51032)
(U08315)
(X78823)
(Z68001)
(U09820)
(X07384)
(U19151)

>sn

SEQUEST database cross-correlation for rapid protein

Experimental
MS/MS data

T
1000

Subsequence

ERFHASVR
RKRKEKR
RKRQEKR
RKRQTRR
GVIYHAWR
RERQKER
RERKQER
ASDPAQAADR
RKREEQR

algorithm -
preliminary hits
synthetic MS/MS spectra results
Mass:1001.00 Charge:2
Scan:0ff-1line centroid
Mult Ions NCBI#
glucokinase [Homo sapiens] + 3 13/14 179427
similar to the non-receptor class of pr 10/12 1397280
D9651.5 gene product [Saccharomyces cer + 1 10/12 1230662
calnexin homolog [Arabidopsis thalianal 10/12 473878
phenoxybenzoate dioxygenase [Pseudomona 12/14 473250
Cl1G1l0.2 [Caenorhabditis elegans] 10/12 1070045
helicase II [Homo sapiens] 10/12 606833
GLI protein (AA 1-1106) [Homo sapiens] 14/18 31768
putative reverse transcriptase; contain 10/12 624681
NO388 gene product [Saccharomyces cerev + 1 10/12 633674

(Z246259)

RKREEKR

see Yates etal., J. Am. Soc. Mass Spectrom. 1994, 5, 976-989



SEQUEST can be run directly from a browser

<} SEQUEST Browser - Microsoft Internet Explorer
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SEQUEST developed by John Yates and Jimmy Eng at the Universiy of Washington and is protected by U5, Patent 5,538 897

SEQUEST patent information

SEQUEST Browser was developed by Martin Baker, Chris Wendl Wichae! Hemond, Dritry Sagalovsliy, Christian Taubrnan, David Weiner, and Bill
Lane at Havard Uriversity in collaboration with John Yates and Jimey Eng at the University of Washington.

SEQUEST Browser ©@ 1997, 1998, 1009 Prasident and Fellows of Harvard College. Alf rights resened.
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SEQUEST Summary screen

Sequest Summary - Microsoft Intermet Explorer
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A real bio-LC/MS case study: anomalous heterogeneity found
in early antibody production

D Backdrop

- Antibody (148 kDa) being considered
for therapeutic use

- Early cell line growth and “master
well” selection

- Early development, pre-IND phase

D What happened?

- Routine MW profiling of the intact
protein by ESI/MS revealed a
potential purity issue

- Used a combination of intact protein
MS (triple quad) and peptide mapping
LC/MS/MS (ion trap) to solve the
problem

- Confirmed by consulting biology
Heavy chain collaborators and considering
carbohydrate biologically feasible options




Analysis of intact antibody via ESI/MS
TSQ 7000 w/API-2

anti-cd40
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Investigation of IgG micro-heterogeneity by ESI/MS

ee ”
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Heterogeneity follows F(ab’), fragment

mass difference appears to be ~100 Da

ESI mass
anti-cd40
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LC/MS/MS peptide mapping of LysC digest of 18G reveals

anomaly in “bad” sample lot

C:\Xcalibur\data\igg4lysca 09/30/1999 10:49:24 AM IgG Lys-C digest 2.5 pm/uL x 20ul TFA mobile phase
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RT: 0.00 -35.04

Unknown peptide is not present in “good” lots

100— 22.13 NL: 7.19E6
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We used this simple mass chromatogram approach to screen several lots for the unknown peptide.
We were able to isolate the “problem” to a single master well.



MS/MS spectrum confirming identity of unknown peptide

Mutation at position 138 on heavy chain confirmed to be Arg->Gly

Seq # b v #

_________________ - o

¢ 1 58.0 2593.3 26 -

P 2 155.1 2536.3 25 7

S 3  242.1 2439.2 24

V 4 341.2 2352.2 23

F 5 488.3 2253.1 22

P 6 585.3 2106.0 21

L 7 698.4 2009.0 20

A 8 769.4 1895.9 19

P 9 866.5 1824.9 18

C 10 1026.5 1727.8 17

S 11 1113.5 1567.8 16

G 12 1170.6 1480.7 15 _

S 13 1257.6 1423.7 14

T 14 1358.6 1336.7 13

S 15 1445.7 1235.6 12

E 16 1574.7 1148.6 11

S 17 1661.8 1019.6 10

T 18 1762.8 932.5 9

A 19 1833.8 831.5 8

A 20 1904.9 760.4 7

L 21 2018.0 689.4 6

G 22 2075.0 576.3 5

C 23 2235.0 519.3 4 L

L 24 2348.1 359.3 3 .y in

V 25 2447.2 @ 246.2 2 3 :;E

K 26 2575.3 147.1 1 : R
TET W L S o
TERE D P TEY 3 DR T

I""| T T T |:::|
@ s6E 1666 1586 2606 2506



How did we figure it out?

We collected MS of the intact antibody and saw some “odd” looking
peaks, lower by ~100 Da.

We looked at the F(ab’), fragment, the odd looking peaks were
present, therefore modification must be on this portion of the
molecule - l.e., not on the Fc portion on the heavy chain

Reduced/alkylated, digested with LysC (and trypsin)
Performed data-dependent LC/MS/MS expts. on ion trap
Used SEQUEST to identify all of the known peptides
Looked for signals that did not correlate

Found a peptide 99 Da lower in mass which eluted near a known
peptide, inspected MS/MS spectrum

Considered AA modifications that would give this result

Arg -> Gly substitution made the most sense
- MS/MS spectrum verification

- Peptide is not cleaved in the tryptic digest, suggests that Arg has been
converted to something else

- From the genetic code, modification of a single base in the codon could
cause this to happen (later isolated to a single master well)



Only 2 possibilities for -99 Da mass shift

http://prowl.rockefeller.edu/aainfo/mutation.html

3 Mutation Mass Shifts - Microsoft Internet Explorer
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Mutation Mass Shifts

Masses changes hetween various amino acids)

1. Residues DOWILT the left indicate the EXPECTED residues.
2. Residues ACEROSE the top indicate the MITTANT residues.

Lew (Glay

| 57[ 7187 97 s9101 103 113[114[115 [128[128 [131 137 147 [156 163186
| ay[57 [ 14[30]40] 42| 44| 46| 56] 57 58] 71] 72[ 74] 80[ 50 95 106[129
| Ma 71014 [16]26]28] 30| 32] 42]43) 4] 57| 58] 60 66| 76 85 82115
| se[87[30[ 16 [10]12] 14 16[ 26] 27 28] 41[ 42[ 44 50[ 60 69 76[ 99
| Pro[97 [ 40 26110 [ 2] 4] e[ 16]17] 18] 31] 32| 34/ 40[ 50[ 59] 66[ 89
| val99 [z zsl12[ 2 [ 2] 4[ 14[15] 16] 28] 30[ 32 38[ 48[ 57 64] 87
| Twefion [a4] s0faa[ a[ 2 [ 2] 12[13] 14[ 27] 28] 30] 36] 46[ 5[ 62 85
| Cys[103 [ 6] -32-16] 6] 4] 2 [ 10] 11 12] 25] 26] 28] 34[ 44] 53 60[ 83
[Lewlie[113 [ S6[ 42261614 [-12[-10 [ 1] 2[ 15[ 16[ 18] 24[ 34[ 43[ 50[ 73
| as[ua [ 57] 4327171515 u] 1 [ 1] 4] 15 17] 25[ 33[ 42[ 49] 72
| asp[115 | 58| -44]-28[-18[-16[-14 12 -2[ -1 [13] 14] 16] 22[ 32[ 41[ 48[ 71
(GinLys[128 | 71[ -57|-41]-31[-29[-27 25 15]-14[ 13 [ 1] 3] s[19] 28] 35[ 58
| Gmi2o | 72 58l42(32(30[28[ 261615 4] 1 [ 2] 8[18[27[ M 57
| Met131 [ 74[ -60[-44]-34[-32[-50[-28[ 18[-17[-16] -3[ 2 [ e[ 16[25[52[ 55
| His[137 [ 80[ -66]-50[-40[-38[-36|-34[ -24]-23[ 22| 9] 8] -6  [10[ 19] 26[ 49

Ar -> Gl " Bhe[147 50| 76 60 -50 48|46 | 44| -34 |33 2|19 -18|-16 |10 | | 16| 39
S Yol O a5 () a5 60 5557 55|53 43[4z 41 |2 27 2518 5 | 7 30
Trp -> Ser | Tyrli63 [ 106| 92,36L66 64| 62| 60| 50|49 48| 35| 34| 3226 16[ 7 |23

lkeclauseri@rafael ucst edu 5/1/95
|&] Done I_’_|0 Internet

N




A real bio-LC/MS case study: identification of immunoprecipitated
protein separated by SDS-PAGE

~200 fmoles TOTAL loaded
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Photo of 1-D SDS-PAGE of immunoprecipitate from human fibrosarcoma cell lysate
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Protein i.d. case study

Experimental Approach
Excise protein from gel

Perform in-gel digest

Inject onto nano-LC (use nano-scale trapping column
to preconcentrate sample) on-line with ion trap MS

Perform data-dependent “triple-play” scanning: MS
scan, hi-res zoom scan, MS/MS scan

Analyze results using TurboSEQUEST protein database
cross-correlation program




Photo of Experimental nano-LC/MS/MS system

a | | . microscope view
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Data-dependent LC/MS/MS analysis of in-gel digest sample

Time (min)

RT: 0.00 -22.00
697 NL:
100 . 20.83 1.45E8
7 LC/MS unfiltered TIC chromatogram 604 Tic v
= 20.70
90—
] “choppy” TIC
80 pattern is where
70 LCQ is switching
g8 - between MS,
60—
g7 4, 9% o zoom scan, and
2 50— 2.53 2.58 576 691
< %03 243 T MS/MS expts 514 1743 528 2056
_g 7 121 424 433 15.01 18.64
£ 40 150 480 226 466 '
> 40: 37177 3.96 477 11.86 N
[v'4 | P 215 418 13.48
30 573 250 337 1163
20%
10—
(= 697 NL:
20.83 2.03E7
100; Base Peak F:
- LC/MS base peak chromatogram + o NSI Full
90— ms [
7 500.00-
80— 2000.00] MS
= jay201
70—
60;
50%
40~
7 427
305 11.99 517
20E
10 143 171 178
. 3.77 452 471
O L e T e e B B L s By s s s B B B By HR B H H
0 2 4 6 8 10 12 14 16 18 20 22



Example of triple-play data from

jay201#480 RT:13.93 AV:1 NL:1.68E6
T: + ¢ NSIFull ms [500.00-2000.00]

in-gel digest sample

jay201 #481 RT:13.96 AV:1 SM: 15G NL: 6.99E4
T: +d Zms [545.00-555.00]

100 549.7 1004 548.7
952 95%
907 90% .
Normal Full scan Zoom scan showing
] 1096.7 ]
charge state = 2
75 75
703 70%
ssé ssé
sné 60%
g 55% é 55;
3 504 3 504
ER. 2 A 549.1
£ 457 5 45
[ e ]
402 40%
35% 1007.7 35%
:mé soé
1 |ss09 1
25 257
20; 20;
15% 767.8 e o84 15%
mi i fs” 8228 ' 11231 1453.0 3 wi S5
55 : 9185 | 10231 T asrs 14184 1574.6 17389 18403 18943 5% P 5530 554.6
E i 5625 5538 5549
0 600 800 1000 1200 1400 1600 1800 2000 ’ 550 5‘51‘ o ‘5&2‘ o ‘5&3‘ i ‘55‘4‘ o ‘55‘5
miz miz
=
Seq # b v [+1) X E
El
_________________ _— =
L 1 114.1 10%9%6.6 10 ;
S 2 201.1 983.5 ]
E & 330.2 896.5 =1
PG 0.2 8965 s MS/MS spectrum of
v 5 486.3 710.4 G [
T & 587.3 611.3 5 '!Lm m/z 549
I 7 700.4 510.3 4 :
S g 787.4 397.2 3
T 9 950. 5 310.2 Z
K 10 1078.6 147.1 1
™
I
? i
: -
b
"}'I LS - E
- o -
£ 2% i
h
w £ ©
7 3 1|2 i o
2 i | 2 %
: " A .u.l..l.li]l i l " - l Lk ILLH
A e e e b
15] l@a o] el o] 4Ea Sag EaE Tag 280 QEE laa 118




a Sequest Summary - Microsoft Internet Ezplorer _ O] =]

| Bl Edt View Fav
@ . - SEQUEST summary from LC/MS/MS analysis of in-gel digest sample
Back Farward
J Address I@ http: #flocalhost/cgi-bindrunsumnmany. pl ?directons=rhailjay2_itb1 &zort=conzenzus
[
Seque'St Summary Sefup CreafeDT4 FuDTA  RunSequest ofafis Summary Utilifies Home
Sample; Hail, M. (JAYZ ITE1l) JAYZ meh pb: nr (05/12/2000) Inspector ¥iew Info Mass: Mono
Datafiles: jayz01l (0&8/03/2000-06/03/2000) Dir: mhailjay: ithl Enz: Trypsin Tot: 13|13 |3.1e7
Intensity: © Full ¥ Zoom ™ MS2 Diff Mods: 57 C 16 M X
Max rank: I_ Max list: I_ Controls: m OTA ¥CR
TIC File dr HH+ dcarr | dCn 5p  |RS5p Tons Ref L Sequence Pull to Top
A gi| 4504767 | ref |[NP 002202 . 1] | 88 13|53.1e7|100% {&,1,0,0,0,0F (1 2 5 4 5 6 7 & 9 10 11 135, 12, =, =, x, =)
*integrin, beta 1 (fibronectin receptor, betapolypeptide, antigen CO29 includes MOF2, MSK12)0gi[1249653|=p|POSSSE]ITET _HUMAN FIERONECTIN RECEPTOR
BETA SUBURNIT PRECURSOR (INTEGRIN BETA-1) (CO2S(INTEGRIN %LA-4 BETA SUBUNITIOqilS57 429|pir||E2707S fibronectin receptor beta chain precursar -
humanOgi[31442
13 2.0e6 0&820 2 -0.4 1£67.0 3.92 0.43 1353 1 17/20 gi|4504767 +5 (E)3SLGTDLMNEME
4 3.9e5 0433 3 -1.2 15846.1 3.84 0.26 1453 1 :29/60 gi|4504767 (R DELPOPVOPDEPVIHC %K
2 §.0e5 043E Z 0.1 1536.4 3.26 0.32 1042 1 15/20 gi|4504767 +7 (KIFC*EC*DNFNC*DE
G 5.1eb6 0511 2 -0.7 1£23.3 3.23 0.41 1131 1 16/15 gi|4504767 +14 (E) WD TGENF ITE
T 5.5eb6 0432 £ -0.5 1097.1 3.08 0.36 1202 1 16/15 gi|4504767 [EILIEGVTIITE C f d
9 1.5e6 05331 2 0.2 1£82.4 3.03 0.37 1134 1 16/20 gil4504767 +5 (K)3LGTDLMNEMER onfirme
1 2.2e6 0420 2 0.2 1295.4 2.73 0.22 1201 1 16/20 gi|4504767 +5 (K] SLGTDLM#NENHE hits for
3 1.5e6 0435 2 0.3 13Z24.4 2.66 0.20 405 2 14722 gi|4504767 +10 [(K) TWMEPTISTTPAE inte rin
5 3.5eb 0450 2 0.3 1107.3 2.65 0.24 470 1 14/18 gi|4504767 +2 [(RISGEPOTFTLE g
10 9.:=2e5 05340 2 0.3 1308.3 Z.35 0.21 507 1 15/22 gi|4504767 +10 (K TWMPTISTTEAE beta-1
11 2.3eb 037E 1 0.3 1091.3 2.09 0.17 345 11 10718 gi|4504767 42 (K] GEVFNELVGE
12 3.1eb 0627 1 0.1 B29&83.4 =.04 0.12 557 1 12716 gi[4504775 +3 (RILGFGSFVEE
6 1.5=6 0473 1 0.1 10%6.5 =2.01 0.19% 3E2E2 5 10/18 gi|4504767 [KVLEEGVTISYTE
A gi|4504767|ref|NP O0Z202.1] | 88 {8,1,0,0,0,0r (1 2 3 4 5 a6 7 8 9 10 11 13, 12, =, =, =, X]
*integrin, beta 1 (fibronectin receptar, betapolypeptide, antigen CO2Y includes MDF2, MSKI1Z210qi|124963|sp|POSSSE[ITET _HUMAMN FIBERONMECTIN RECEFTOR
BETA SUBLINIT PRECURSOR (INTEGRIN BETA-1) (CO2D(NTEGRIN YLA-4 BETA SUBLINITIO gilS57 429|pir||B27079 fibronectin receptor beta chain precursar -
humanOgi|31442
B gi|1708573|sp|P53712|ITEL EBOVIN 66 {6,1,0,0,0,0} {1 2 3 5 8 9 10 11 13, 12, =, x, x, X]
C gi|l17058574|sp|P53713 | ITEl FELCA 58 {5,1,0,0,0,0} (2 3 5 8 10 11, 12, =, %, ¥, X)
D gi|l124964|=sp|PO09055]ITEL MOUSE 48 {4,1,0,0,0,0} (1 2 3 8 9 10 13, 12, =, ®, x, X)
gi| 1352494, gi|72070, gi|762977
E gi|124961|=sp|P12607| ITED XENLL 28 {2,1,0,0,0,0r (3 8 10, 12, =, =, %, ¥)
gi| 124962, gi| 124965
*Database nr.fasta unavailable for sequence descriptions.
[
|&] http://www.ncbi.nlm.nih.gov/blast/blast.cgi?SEQUENCE=KFCECDMFMCDR4PROGRAM=blastptDATALIB=nitEXPECT=1000%ALIL] | %@ Local intranet P




- Flicka - Microsoft Internet Explorer

Sefup

CreafelTA

FullTA

FmSeguest

Stafus

SLmMmary

Ufilifias Home

send to: | il K

>gi|4504767 | ref|NP_002202.1|
MDFZ, MZK12)Ogi|124963|sp|POS556| ITELl HUMAN FIBROMECTIN RECEPTOR BETA SUBUNIT PRECURSOR (INTEGRIN BETA-1)

integrin,

heta 1

[fibronectin receptor,

beta polypeptide,

antigen CDZ9 includes
[CD29)

[INTEGRIN VLiL-4 BETALA ZUEUNITIOgi|S7422|pir| | B270792 fibronectin receptor beta chain precursor -

humanOgi| 31442 | exb | CALZ0790. 1|

MNLQFIFWIG
ENPRGSEDIE
NVESLGTDLM
ISGNLD3FPEG
HLVQELIENN
CENGVNGTGE
NGTFECGACE
DRSNGLICGS
AEHEECWVQCE
PECPTGFDII

Mass (mono): S5407 .0

LISSVCCVFL
FNFITVTHRSE
HEMREITIDF
GFDATMOWVAY
IQTIFAVTEE
NGREC3NISI
CHNEGEVGRHC
NGWCECEVCE
AFNEGEEEDT
PIVAGVWVAGI

Protein Coverage: 99/798

QTDENRCLEL
GTAEELEFED
RIGFGSFVEK
CGILIGURNW
FOPVYEELEN
GDEVQFEIST
ECSTDEVNIE
CHPNTTGIAC
CTOQECSYFINI
WLIGLALLLI

Identifier: gi| 4504767
12.4% by amino acid count,

(XO07979)

NAESCGECTIQ
THQIQPQOQLY
TVMPYISTTE
TRELLWVF3TDA
LIPESAVGTL
TENECFPEEDS
DMDATCREEN
DCSLDTITCE
TEVESFDELP
WELLMIIHDE

AGPNCGWCTH
LELESGEP)T
AKLENFPCTSIE
GFHF AGDGEL
SANIENVIOL
DEFEIRFLGF
SASEIC3NNGE
ASNGOICHGE
QPYOPDPVSH
REFLEFEKEK

ATFLOEGHPT
FTLEFERLED
QNCTTPF3YE
GGIVLPNDGO
IIDAYNSLES
TEEVEVILQY
CWCGQTWCRE
GICECGWCEC
CEEEDVDDCH
MM AKND TGEH

3ARCDDLELL
TPIDLYYLND
NVLSLTNEGE
CHLENINMYTH
EVILENGFLS
ICECECQIEG
RIDNTHNEIY3G
TDPEFQGOTC
FYFTYSVNGH
PIYESAVTTV

= 12.5% hy

integrin beta 1 subunit precurscr [Homo sapiens])

KEEGCPFPDDI
L3YSHMEDDLE
WFHELVGEQR
IHYYDYP3TIR
EGYTISYESY
IPESFECHEG
FFCECDHFHC
EMCQTCLGYC
NEVHVHVVEN
VNPEYEGE

Database: d:/Xcalibur/databaze/nr.fasta
11077.3/88407.0

wass

il

125}

73183.4

{795
{754

Sort by:

Sequence I_ Position I_
DELPOPVOPDPVSHCKE B7Y - 692
FCECDNFHNCDER 552 - 562
GEVFNELVGE 229 - 238
IGFGEFVEER 18z - 190
LIEGVTISYE 389 - 398
AGEFPOTFTLE 125 - 134
SLGTDLMNEME 164 - 174
TVHPYISTTERLE 191 - 202
WDTGENPIYE 775 - 754

|@ Done

l_ ’_ E‘g Local intranet
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Protein i.d. case study conclusions

Protein confirmed as integrin beta-1

All experiments were performed in a single nano-
LC/MS/MS run using data-dependent scanning

9 different peptides from the protein were confirmed as
database search hits

Several oxidized Met peptides were observed (likely the
result of the in-gel digest procedure)



Opportunities for Automation

Automated sample handling

- Minimize sample losses through sample transfer and
handling steps

- Concentrate, desalt, remove contaminants on-line

- Digest on-line (combine with data-dependent triple play for
completely automated peptide mapping system)

- Rank large-small molecule affinities on-line

Data-manipulation (bioinformatics - a whole new area)
- What to do with SEQUEST output
- Automated in-tact protein analysis



Schematic of Automated Sample Cleanup and Fraction Collection
System

Alcott 738R Autosampler

r | sample priming valve E
! loop '
© et
Finnigan TSQ7000 el ACN .
| needle I
ESI/MS/MS . seat “ priming |
| syringe !
AU I Enleat A B e Y ___ 1
0uUmin 1 20uUmin | memem trao o RN @ --------------- i
\ O+« LCflow | ! | /f <« He
50 ym i.d. ~ | e |
fused silica { 10 pL/min ! P! !
E E E wash E
! waste ! I
1 0.5 mm i.d. L L solvent !
,  column b i
| n_1a_nua| manual inj ! tmoommommmmmommsmmm oo oo
: inject loop ' Michrom Fluid Delivery

----------------------------- ! Module (FDM)

Gilson FC203B Michrom UMA pHPLC

fraction collector



Automated protein sample preconcentration/cleanup
50 pmoles of crude isolate in 300 uL

11834 Da
23765 D
1003 | c/ms TiC 32322 Da 2 - E+07
17373 Da 1.622
80 Active
: component
60—_ &
40 25932 Da
20
0- """"" L L I I
8:20 16:40 25:00 33:20 E+06
A — E+
100 | peconvoluted /25932 1.74
-1 ESI mass spectrum
80 1 of active component
-1 0.007% error
60
40 |
20 |
e R N N

23000 24000 25000 26000 27000 28000 29000



Automated protein sample cleanup system with on-line SDS
detergent removal

Alcott 718R priming valve
Autosampler )
100 uL sample i Wash
[%I- loop E solvent
priming
regenerating pump needle =  syringe
95% ACN w/ 0.1%HCI

DRT (“dirt”)
cartridge

waste

Michrom UMA

limited capacity
micro-HPLC

trap column

Finnigan TSQ

7000 MS 0.5 mm analytical

column

50 uL/min pump, 50 uL/min




Mass spectra of 25 pmol myoglobin in 0.1% SDS no SDS removal
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Mass spectra of 25 pmol myoglobin in 0.1% SDS using automated SDS

100

60

N
o

N
o
|

Relative Intensity
o
|

—_

o

o
|

80
60

40

removal

ESI mass spectrum

738.1
707.3
3,
679.1

600

848.T

808.2

800

deconvolution

893.0

998.3  1131.1
1060.5

1000

1211.9
1305.1
|
14137
1200 1400
m/z
16952

16932 | 16973
1 17016

3.6E+05
1542.2 1696.2
1547.5 |
1884.2
1600 1800 2000

16800 17000

Mass (Da)

T TTTrr T T T T T T T
17200 17400 17600



Automated Micro-scale On-line Digest/lon Trap System

—

syringe pump
Tris/CaCl , buffer

——

reagent pump

Poroszyme
1mm trypsin column

trap column

S

syringe pump
reagent pump
50/50 ACN/H,0

1mm analytical

Integral HPLC
50 uL/min

Finnigan LCQ
lon Trap MS

PerSeptive Biosystems
Integral Workstation

Digest Sequence

edraw sample into loop
ebackflush thru PZT
w/digest buffer

«flip INJ, wash PZT,
desalt trap

«flip V2, gradient elute
peptides

«flip V1, clean PZT




Schematic of On-line Affinity LC/MS System

“automated affinity applause meter”

PerSeptive Biosystems Integral Workstation Harvard Syringe Pump
PBS, 5% ACN, 200 pl/min

“elute”

ebackflush, capture ligands on
«flip V2 (trap in line), flip INJ,

«flip V1, wash trap with 0.1%

AS out 100 pL
loop INJ /9 = sample
6 7 8 Asin loop
Reagent Pump 1 ~_
12 mM HCl le 2 Affinity LC/MS sequence:
150 mM Nac P Waste «draw sample into loop
Affinity Col 3 10 £fini [
inity Column
POROS % 4 Vi /9 = Waste affinity column
Thrombin 5 8 ;
6 7 - Reagent Pump 2 elute ligands onto trap
<>~ A 0.1% TFA
Trap T Waste TFA
Column 2 1 «flip V2, elute/separate
LCQ ITMS 10 ligands
] vz 9 edetect by LC/MS"
2.1x150mm 8
Zorbax C18 7

Waste

200 pL/min gradient
— from HPLC pumps




Affinity LC/lon Trap/MS/MS of 4-Component Mixture

using immobilized Thrombin

100

50—

Cefadroxil
m/z 364.2 —» m/z 346.8

Intensity Activity
8.63 X 103 no activity

YE | A A A AAA A M

1007

50

BMS-189664

m/z 479.2 —» m/z 295.0

7.74 X 10% 0.046 nM

100

Relative Abundance

50—

100

50

BMY 41487 6.67 X 10 25 uM
m/z 436.3 —® m/z 419.1
JL
BMS-182299 4,32 X10°0.038 nM
m/z 509.3 —» m/z 384.1
5 A é l é 1b 15 l 1% l 1% l 1% l Zb l ZE l 24 l 26 l 28 l ;O

Time (min)



Affinity LC/MS Binding Profile of ACE Inhibitors

5 SQ-25995
—_ , . ACE Column ]
© Intensity Ratio = °Q-14304
| -
S 4- Control Column
o
O
N
Ll
< 3
o Captopril
hd
e
> 27
=
4 SQ-14224
c
o SQ-27521 SQ-14215 -
< 1 tl—- T T T T T 1
SQ-26688 Compound Tested

In Vitro Activity

SQ-25995 > Captopril > SQ-14304 > SQ-14224 > SQ14215 > SQ27521 > SQ26688
2.9 nM 23 nM 435 nM 965 nM 5.7 oM 565ocM 2.4 mM



Conclusions: Analytical Figures of Merit of LC/MS for
Biomolecule Analysis

Excellent Mass Accuracy
- +/-0.01% routine (1 Da in 10 kDa)

Resolving Power

- e.g., a 100 Da change can be detected in a 150 kDa antibody
Rapid

- minutes

High Sensitivity

- picomole - attomole depending on sample handling
Automation capability

- increased throughput

- increased sensitivity via reduction of manual sample handling
steps

LC/MSNis a powerful tool for biomolecule structure analysis, -
profiling, sequence, interaction
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Internet Resources for LC/MS and Bio-MS

ThermoFinnigan
- http://www.thermofinnigan.com

Novatia (brand new but adding new content - tips on SEQUEST usage)
- http://www.enovatia.com

Base peak from Wiley (a good MS link site, commercial and academic)
- http://base-peak.wiley.com

ABRF (good source for biological apps, join the ABRF list server)
- http://www.abrf.org

lon Source (good information and tutorials, links)
- http://ionsource.com

Prowl at Rockefeller University (good bioMS site, useful software - PAWS)
- http://prowl.rockefeller.edu




