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. Introduction

a. Peptide Mass Fingerprinting (PMF) by MALDI
b. Why interface LC to MALDI?

. The LC-MALDIprep sample deposition module
. MALDI TOF
~ MALDI (Q-Tof) MS/MS

. Long-term stability of separations deposited on matrix

pre-coated targets

. Conclusions and future directions
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Matrix Assisted Laser Desorption lonization (MALDI) mass
spectrometry

Current technology allows measurements on biopolymers
(peptides, proteins, antibodies, DNA, enzymes)

Easy fo use
Sensitive (subfemtomole detection of peptides)

Peptide mass mapping (or “fingerprinting”) for Protein
Identification

— 1D gel spots
— 2D gel spots

Major requirement: samples must be relatively “clean”

— Salts, buffers, detergents, etc. must be removed, or “diluted out”
otherwise ion signals of biomolecules are suppressed
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MALDIFIOEPeplideMoss Fingerprinting

digestion

N
2
25

protein(s) peptides

1) gi|450439 Score: 178 mw 15988 pl 6.75 hemoglobin, beta [Homo sapiens]

sequence coverage: 43% MALD I_TOF

MVHLTPEEKISAVTALWGK VNVDEVGGEALGI#LLVVYPWTQRFFESFGDLS M S
TPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKIGTFATLSELHCDKLHVD
PENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH

Protein ID \ | ‘ : ‘

database search m/z H:?‘“
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% intensity
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Molrix-Assisted LaserDesorphiontlonization
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MALD] Sample Preparation

Protein digest samples, analyzed directly or from gel bands or spots
typically require sample clean up with a Zip Tip™ or other
method to remove salts, buffers, etc. prior to MALDI analysis

High throughput
sample clean-up
using 4x Zip-Tip
reverse phase
disposable tips
and precision
elution onto a
M@LDI ™ target
plate




IssveswitaMALD)

= Sample clean-up method, such as a ZipTip™ is

typically required to remove salts, butfers, detergents,
efc.

— Limited sample volume and capacity
— Sample losses (recovery < 50%, efc.)

— Inability to tolerate high concentrations of salts, buffers, and
detergents

= Difficulties in analyzing complex mixtures of proteins
— Desorption/ionization suppression
— Resolving peptides which are close in mass

= Shotto-shot reproducibility
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*  Off-line MALDI LC/MS: LC-MALDIprep

Sample Deposition Module

Interface between

HPLC and MALDI

MeLbI™ -



Descriptiontor the lG=MALDIprer

= The LC-MALDIprep is a sample deposition module that serves as
an interface between reversed-phase HPLC and MALDI mass
spectrometry

" Uses a heated capillary nebulizer to desolvate column eluent and
spray it onto a MALDI target pre-coated with matrix

= Compatible RP HPLC flow rate range from 5 to 40 ul/min

= Computer control software sets the velocity of the sample stage,
the temperature of the nozzle and the collection pattern

" The module can initiate a series of sample collections based on
remote inject-start signals

" This device is compatible with a wide range of HPLC and MALDI

manufacturers
ﬁ; i



LC-MALDIpreﬁ UlilizesiontAdhesive iarge!

wWhich s Pre-coated witn M aitrix

The pre-coated matrix targets are a
“one time use” consumable item
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E'T\/Iog‘nti g thenargeten e ViALLDITplate

1. Mounting 2. Assembled

‘ 3. LC-MALDIprep Plate Holder

LC-MALDIprep Target Assembly in Plate Holder

... With Lane
Shield Mounted
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LCMALDIprep Sottware

DEpositionmNIocks

&l Method1.LCMP - LC-MALDIprep Status and Configuration =10 =|

File Edit Miew Setup Operation Help

DeHl s BR(&8c]r 2 X102

‘ Running Methad - Depositing el
Current bethod: tdethod] LCkP
Current Time: 26.5 mm Fun Tirme: 30,00 mir
Current Temperature; 456 °C Drelay Tirme: 0.10 ik
Mozzle Position 24 44,75 mm Start Type: Immediate
Miozzle Pozition v 46.20 mm Deposition Type: Tracks
— Position Status Weloeity: 2.00 rrrndiiry
sample temperature

. . Current Plate: 1 . .
deposition in Temperaue Offset (0} [ 0 dooly | gradient
trac ks — T emperature Status

Current Qffzet: oo-ec

Deviation From Gradignt: oo-c /
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Current Plate: 1
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LCMALDIprep Sottware

Depositioniin Spots

sample
deposition in
spots

#1+ Method 1.LCMP - LC-MALDIprep Status and Configuration

Fil=  Edit

Wigw Setup Operation Help

=10l x|

Ded|iE2R&8 o> 2 X107

Ready

‘ Fiunning tethod - Depoziting

Current Tirne: 16.05 min
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— Position Status
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Scanning EleclonIMICroscop

LC-MALDlprep
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MALDINIGC/MS: Typical Experimental Conditions

= Capillary HPLC
" CaplC with 996 Photodiode array and micro flow cell

= 0.300 x 150 mm Symmetry C,g column (3.5 um particle size, 100 angstrom
pore)

® 10 pl/min flow rate, Solvent A: H,O w/ 0.1% TFA, Solvent B: acetonitrile
w/ 0.1% TFA, 5% B to 50% B in 26 minutes

= LC-MALDIprep
" Tracks: 2.5 mm/min stage speed
= Spots: 0.5 min dwell time
= Temperature gradient: 60 °C hold: 0-5 min, 60-45 °C 5-26 min
® Drying gas pressure = 12 psi
= M@LDI R

" Masslynx 4.0 “Striper” program to control stage and acquire data (tracks)

" Data reduction program: LC/MS trace = mass list = DB search
—
a.t




Th&Base Peak: Intensity:Chromatogramirom e/ MAIDIETOR/MS

Analysis of anApemyoglopiniryplic Digestseporation

1001 T1921 T3 T2 T10_
510 6.6 [[7.45 11.94
T17
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®  Somplefor Gomparing

L LC-MAIDIBrep Vs, Ziplipi& Spoiting

= Tryptic digest of high abundance protein in the
presence of low abundance proteins
— Alcohol Dehdrogenase (1250 fmol)
— Actin (10 fmol)
— Myoglobin (10 fmol)
— Cytochrome ¢ (10 fmol)

= Compare detection of tryptic peptides and protein
sequence coverage of a capillary LC/MS MALDI
separation vs. ZipTip™ & spotting
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CaplLC with Waters Symmetry C18 .300 x 150 mm column
H,O/Acetonitrile gradient with 0.1% TFA

17.5

olicDigest:

1270 fmol ADH
10 fmol actin
10 fmol apomyoglobin

10 fmol cytochrome ¢
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Actin: T33-34
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LC-MALDlIprep versus ZipTip™ and Spot

Actin: T28
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PeptideriViass Mapping offa EourProtein

Digest Mixture: LC=MALDI VS, Zipilip 1™

@ Number of Peptides Matched Protein Digest
L 15
k]
5 10
Ke)
5 5
Z
0
Actin ADH Myoglobin CytC
10 fmol 1270 fmol 10 fmol 10 fmol
= LC-MALDI # peptides = ZipTip # peptides
> Percent Protein Sequence Covered Protein Digest
o 50
a 40 |
S 30 -
c
g 20 -
e 10
o 0 -
Actin ADH Myoglobin CytC
10 fmol 10 fmol 10 fmol 10 fmol
= LC-MALDI % Sequence = ZipTip % Sequence




% * ODin-gelldigestof Yeast Gytosolic Proteirs

~ compprisenohgirech Ziplip!™ and LC-MALDIprep!™ analysis

ENO2_YEAST
Raw ZT LCMP [M+H]+  Start End Sequence Modifications
Y Y 1288.690 346 357 (K) VNQIGTLSESIK (&)
1. Detect and match peptides Y Y 1373620 243 254 (K) IGLDCASSEFFK (D)
. . . . Y Y Y 1414.788 105 119 (K) LGANAILGVSMAAAR (A)
which are similar in mass v 1416711 15 27  (R)GNPTVEVELTTEK (G)
Y Y Y 1430.760 105 119 (K) LGANAILGVSMAAAR (A) Oxidation
Y Y 1444656 423 435 (K) AVYAGENFHHGDK (L)
; Y Y 1470.664 258 269 (K) YDLDFKNPESDK (S)
2. Greater number of peptides v D e
detected and matched using VoY e R 86 (i)
Y Y Y 1578.770 88 102 (K) AVDDFLLSLDGTANK (S)
MALDI LC/MS Y 1600.771 241 254 (K) VKIGLDCASSEFFK (D)
Y 1645.900 103 119 (K) SKLGANAILGVSMAAAR (A) Oxidation
Y 1669.883 409 422 (K) LNQLLRIEEELGDK (A)
Y 1793.905 88 104 (K) AVDDFLLSLDGTANKSK (L)
Y Y Y 1821.922 375 391 (R) SGETEDTFIADLVVGLR (T)
Y Y 1840.893 32 49 (R) SIVPSGASTGVHEALEMR (D)
Y Y Y 1846.848 358 374 (K) AAQDSFAANWGVMVSHR (S)
Y Y Y 1854.967 312 329 (K) TAGIQIVADDLTVINPAR (1)
Y 1856.898 32 49 (R) SIVPSGASTGVHEALEMR (D) Oxidation
PMF for Gel Spot 1 (ENO2_YEAST) Y 1925924 272 287 (K) WLTGVELADMYHSIMK (R) Oxidation
Y Y 1960.979 60 78 (K) GVMNAVNNVNNVIARAFVK (A) Oxidation
70.0% Y 1972.013 105 125 (K) LGANAILGVSMAAARAAAAEK (N) Oxidation
' 57 10/ Y 2066.010 272 288 (K) WLTGVELADMYHSLMKR (Y) Oxidation
o 60.0% - = 49 Y 2300.158 28 49 (K) GVFRSIVPSGASTGVHEALEMR (D)
g Y Y 2328.098 32 53 (R) SIVPSGASTGVHEALEMRDEDK (S)
E’ 50.0% - 38 30/ Y Y 2344.079 32 53 (R) SIVPSGASTGVHEALEMRDEDK (S) Oxidation
8 40.0% - 344% . 0 Y 2828.295 289 311 (R) YPIVSIEDPFAEDDWEAWSHEFFK (T)
@ Y 2984.432 288 311 (K) RYPIVSIEDPFAEDDWEAWSHEFK (T)
2 30.0% -
Q
& 20.0% -
)
2 10.0% -
0.0%
raw zt lcmp
Prep Method
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e }ZD in-gel digestiol Yeash Gytosolic Proteins
A se

arotion) & derection) of Pephides whichiore similar nimass

Separation: LC-MALDI

Location: X =39.82
OO 050402dbw_stripeG1 a0l 400 (7.766) TOF LD+
— 100- 1856.892 5.41e3
1857 .874

T32-49 ox

1358.885
e

Sample Spot: ZipTip

050202dbw_Icmpspot_gel_a02 1 (0.076) TOF LD+
1855585 2 5504
1004
1556, 965

1)2(40 " 4gso 0 1se0  1a7o0 T312-329
- Q/ |
/ ] 1857.948
e
;)xcation: X=47.83 .
E0402dbw_stripeG1_d02 477 (9.252) TOF LD+
J00- 1855 968 1 Goed
39.8 L
= 0

N L B iy B By BLILELIL B B ml 114
1856.979 1840 1820 1860 1870
'—-/
%_
1857 990
-

[y 2N = W‘mm

| PR UL U UL U] UL UL L
1840 1840 1860 1870




MAILDINLG/MS withilnteraal Lockmass

0.05 pmol/ulL glufib lockmass solution co-infused post-column at 2 ul/min

I prio) BSA Digest

BSA, 1 pmol, LM GF 0.05 pmol/uL, 2uL/min

BSAstriper_c01 Sb (2,20.00 ) TOF LD+
100- 17.36 BPI
953
12.08
15.76 17.52
% 19.84
14.80
13.52
10.24
9.44
| 7'207.76
O e e e e e e e e Time
7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00




MALDINC/MSIResultsifor BSA Digest

with Glofipynternal lockmoss

1. 18/34 matches (52%).
Acc. #: P02769 Species: BOVIN Name: Serum albumin precursor (Allergen Bos d 6)
Index: 78059 MW: 69294 Da pl: 5.8

m/z MH* Delta Modificati Missed Database
ons Start End

Submitted Matched ppm Cleavages Sequence
1249.6196 1249.6217 -1.7 35 44 1 (R) FKDLGEEHFK (G)
1305.7151 1305.7167 -1.2 402 412 0 (K) HLVDEPQNLIK (Q)
1405.7047 1405.7183 -9.7 1Met-ox 198 209 1 (KYGACLLPKIETMR(E)
1420.6697 1420.6782 -6 89 100 0 (K) SLHTLFGDELCK (V)
1439.8094 1439.8123 -2 360 371 1 (R) RHPEYAVSVLLR (L)
1444.6251 1444.6266 -1 286 297 0 (K) YICDNQDTISSK (L)
1465.5599 1465.5575 1.6 76 88 0 (K) TCVADESHAGCEK (8)
1465.5604 1465.5575 2 76 88 0 (K) TCVADESHAGCEK (8)
1479.7941 1479.7960 -1.3 421 433 0 (K) LGEYGFQNALIVR (Y)
1504.5806 1504.5824 -1.2 375 386 0 (K) EYEATLEECCAK (D)
1534.7512 1534.7497  0.98 298 309 1 (K) LKECCDKPLLEK (S)
1567.7157 1567.7433 -18 347 359 0 (K) DAFLGSFLYEYSR (R)
1639.9407 1639.9383 1.5 437 451 1 (R) KVPQVSTPTLVEVSR (S)
1881.9087 1881.9057 1.6 508 523 0 (R) RPCFSALTPDETYVPK (A)
1908.9009 1908.9053 -2.3 529 544 0 (K) LFTFHADICTLPDTEK (Q)
1930.7540 1930.7509 1.6 581 597 1 (K) CCAADDKEACFAVEGPK (L)
2020.9573 2020.9537 1.8 139 155 1 (K) LKPDPNTLCDEFKADEK (K)
2116.8430 2116.8374 2.6 264 280 1 (K) VHKECCHGDLLECADDR (A)

avg. mass error = 3.2 ppm
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* SMALDI @TOF Analysis of ol Clobal Digest

o Yeast' Ritbosomal. Profems

Accession Score Match MW pl Description
number
(P10664) 197.8 1 38942 10.9 60S RIBOSOMAL PROTEIN L4-A (L2A) (RP2)
(P14126) 180.9 1 43608 10.6 60S RIBOSOMAL PROTEIN L3 (YL1) (RP1) (TR

% 051402dbw_spot1.LCMP - LC-MALDIprep Status and Configuration
Fle Edit View Setup Operation

Help

EE®

IR IR

Run Time

Current Temperature:
Nozls Position
Nozls Position ¥:

| Position Status

203°C
0.00 mm
0.00 mm

Method

110.00 riny
12,00 i

Fun Time: /
Delay Time:

Start Type:
Deposiion Type:
Spot Time:

Curent Dffset: oot
Deviation From Gradient:

a
0 19 3 ST TE 8 114

Ready

4

* Analyze complex digest
Collect separation to 94 fractions
Consume target protein only

l

Query m/z Charge Delta Score YAQDGAGIER
1 1079.507 1 -0.005 180.9
Accession Score Match MW pl Description
number
(P14126) 180.9 1 43608 10.6 60S RIBOSOMAL PROTEIN L3
(YL1) (RP1) (TR
1079507 (1+) 1837 counts
' i + =} + o +— 5 — AG + | + E t R {bMas
R | : El i | G—ﬂ—A—H—G ] | 2 —a :I ¥ bl 3
1001 Lo I A e
| 1 1 | il 1 1 | 1 | [
| 1 1 | il 1 1 | 1 | [
Do A T I
I I I I " Iy I I I I Iy
I I I I " Iy I I I I Iy
1 : : 1 |: : 1 : 1 : 1 : 1
P oo g seEEe
b I b Y
I I I I " Iy I I I I Iy
I I I I " Iy I I I I Iy
I I I I " Iy I I I I Iy
I I I I " Iy I I I I Iy
I 1 1 I " Iy 1 I 1 I Iy
I I I I " Iy I I I I Iy
I i T T R
¢ b A T A R
| 1 1 | | 1 1 | 1 | [
| 1 1 | il 1 1 | 1 | [
| 1 1 | il 1 1 | 1 | [
I I I I " Iy I I I I Iy
I I I I " Iy I I I I Iy
b A T S R T A
| 1 1 | il 1 1 | 1 | [
| 1 1 | il 1 1 | 1 | [
| 1 1 | I| 1 1 | 1 | [
I i | o I
? : : :585 3 : : : i : i
S 412,148 478 oy 53,277 ek = 1062.49
w 20 e IR JJ;JJL; bk J b s 2 sz ocnoti | ioaasen
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Hl’Sfabi/in B Anolytes Deposited ontouMotiix Precooted Torgers

Experiment Conditions

" Mixture of angiotensin | (100 fmol/ul), renin substrate (10
fmol/ul), and ACTH (1 pmol/ul) in 30% acetonitrile with 0.1%
TFA

" Infused at 10 ul/min, deposited onto tracks with stage speed =10
mm,/min

® Drying gas temperature = 55 °C
= 1.6 mm segment of track analyzed at various time points
*= Target stored in dark

" Three different storage condtions
= 4 °C in desiccator
= Room temperature in desiccator
" Room temperature

t':s -
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Analyte: Staloility;

i Matrix ©verlime
Acauiredlat!Day: 1" and Day: 87

Target stored at 4 °C in desiccator

5 Tpmol pepmix-3, 55C,10 ulfmin, 4.5 min 19-Apr-2002
= Laser Intensity: 15 A2
lah0126-030-22 71 (1.453) Sb(39,10.00 3, Cm [1:81) TOF LD+
2466 106 55784
1001
% Ddy 87
12596 636 2459 101
\J| O-prrrrrrrrrrrer l'| """" e e e | A L L L p s L L) L L) L LA L L) L LA L L '|".|""|'"'|"‘"|""|""|""|""|""|""|""
- lah0126- DSD 25 13(026?)Sb(991DDD) Cm (1:81) TOF LD+
24RG 163 4 78ed
1001
%_
1296.681 DOy 87 2469.158
O-prrrrrrre |"'l'|""l|'l'l"|""| """""""" B L ) L B L L) L L) L LA L L) L L L L 'I"|""|'"'|L"l"|""|""|""|""|""|""|""
lab0126- DSD 05 5(0.100) 5h (99 10 DD) crm (1:81) TOF LD+
24B6.175 5.56e4
1004
or |
% — DGY 1 D469 205
1233_595 :
O-prrrrrrrrrrre l """"""""""""""""""""" I""I""I""I""I'"'I""I""I""I""I""I""I""I""I""IL'"I.'."'I""I'!I"""I""I""I""""I""I""
labil 26- EISD 01 1(0 |:|19) Sb (9910 DD) Cm(1 81) TOF LD+
1004 24B6.160 4.57e4
.O_
» 1296625 DGY 1 0469165
0 ""|""l"'l'l""|""|""|'"'|""|""|'"'|""|""|""|""|""|""|'"'|""|""|'"'|""|""|""|""|""|""|'"'T"L'J'T:"'|'"'|"l"|""|""|""|"" aasanaaanaaanlliflrd
1100 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100 2200 2300 2400 2500 2600 2700 2800 2800




Analyter Stalility intMatrix Over lime

ignalte-noise Ratios for Renin Substrater(10fmol/pl)

Target stored at 4 °C in desiccator

~ 16 fmol over sampled area

pepmix, 10fmol, 100 fmol, 1pmol 16-Jul-2002
Laser Intensity: 15 cz2
lab0126-030-22 71 (1453) 5b (221000 ); Cm (1:81) TOF LD+

1760.006 902

1004

%] DCIy 87

1/761.018 S/N=3O

1762.053
/

1788.115 1803.073

[0 gk gl oo prtful gt et Al P P bl g ol P i g ey e e g it e i Lnd N g it Tk s o g
lab0126-030-25 13 (0.267) 5b (99,10.00 ); Cr {1:81) TOF LD+
1760.060 804
100
1/751.[!?2 S/N=25

. Day 87

M l 1782.110 1788.112 180213
|:|_ T DL g e e e Vil e hdkdi e Tualis ko e At M gt e *, R I et b gyt A ! m b ol Y e o A Pt oy S P it et T L g Pt Sl Pt
lab0126-030-03 5 (0.100) Sk (99,10.00); Cm (1:81) TOF LD+
1004 1753908 1.06e3
1760901 _
% qu ] / S/N=50
1761.895
—— s (W R Ayt N e
a ""I""I'"'I""W"'I""I""qu""I""I'"'I""I""I""I""I""I""I""I""I""I
lah0126-030-01 1 (0.019) Sk (99,10.00 ); Cm (1:81) TOF LD+
1004 1750897 904
1760847
] Day 1 S/N=40
1761940
N,
I L gt i snsmp g ettt o St papesdcotven pulidiciacl /7

17200 170 1740 1750 17600 1770 1780 4790 18000




Analyte Staliliy intMatiix Overlime

SyNof Reninr Sulsstiate

()]
o

(]
©
7 L4
'g 40 Je
(7]
£ . .
S lo * ¢ o0
o 20 - * * . A
— o o o o0 %0 o o
o . .
z °
»w 0
0 20 40 60 80 100
Days

Target stored at 4 °C in desiccator




LG-MALDI Summao

" Collection of analyte from wide range of flow rates: capillary and micro

bore (5 to 40 ul/min)
= Robust
" Low femtomole sensitivity

= LC-MALDI reduces ion suppression effects and interference between
peptides of similar m/z

" Improved peptide mass fingerprinting results versus ZipTip™ and spot
method

" LC separation significantly increases the numbers of peptides sequenced

by MALDI MS/MS (QTOF, TOF/TOF, API-MALDI lon Trap)

= Stable, longterm storage of collected separations that can be analyzed

months later
u&

" Work is in progress for interfacing to nanolC columns
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