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Differentiated Thyroid Cancer (DTC)

Long-term monitoring
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C. Spencer, et. al., Curr. Opin. Endorcrinol., 2014, 21 (5), 394-404.



Immunometric Autoantibody Interference

C Thyroglobulin Antibody (TgAb) )

C Negative (<1.0 IlU/mL) ) C Positive (1.0 IU/mL) )
Thyroglobulin by IMA Thyroglobulin by PC-IDMS
(Functional Sensitivity = 0.1ng/mL) (Functional Sensitivity = 0.2 ng/mL)
Turnaround: 2-3 days Turnaround: 2-3 days

200 amol on column target
<12 hours tube-to-result



Targets
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In-silico peptide filters

Automated

\

114 Peptides
0 missed cleavages
6 -25aa

splPO1266ITHYG HUMAN

R.ETAFLK.Q [38, 43]
K.QADYVPQCAEDGSFQTVQCANDGR.S [44, 67
R.SCWCVGANGSEVLGSR.Q [68, 83]
R.QPGRPVACLSFCQLQK.Q [84, 991
R.QLGRPKR [152, 157]

R.LLHGVGDK.S [170, 177]
K.SPPQCSAEGEFMPVQCK F [178, 194]
K.FVNTTDMMIFDLVHSYNR.F [195, 212]
R.FPDAFVTFSSFQR.R [213, 225]
R.FPEVSGYCHCADSQGR.E [227, 242]
R.FLAVQSVISGR.F [283, 293]
R.FTATSFGHPYVPSCR.R [305, 319]
R.NGDYQAVQCQTEGPCWCVDAQGK E [321, 343]
KEMHGTR.Q [344, 349]
R.QOGEPPSCAEGQSCASER.Q [350, 367]
R.QOALSR.L [365, 373]
R.LYFGTSGYFSQHDLFSSPEK R [374, 393]
R.FATSCPPTIK.E [403, 412]

R.AIFPSR.G [445, 4501

R.LALQFTTNPK.R [455, 464]
R.LQONLFGGKF [466, 474]

K. FLVNVGQFNLSGALGTR.G [475, 491]
R.GTFNFSQFFQQLGLASFLNGGR.Q [492, 513]
R.QEDLAKPLSVGLDSNSSTGTPEAAK K [514, 538]
R.OLGDVMETVLSSQTCEQTPER.L [593, 613]
K.ELPGSR.V [644, 649]

R.CPTDCEK.Q [657, 663]

R.SAIGKPK.K [717, 723]
K.CPTPCQLQSEQAFLR.T [725, 739]
R.QVQCNGPPEQVFELYQR.W [770, 756]
R.WEAQNK.G [787, 792]

K.GQDLTPAK.L [793, 800]
R.NCWCVDEAGQELEGMR.S [896, 9111
K.LPTCPGSCEEAK.L [917, 928]

R.VLQFIR.E [931, 936]

R.ETEEIVSASNSSR.F [937, 949]
R.FPLGESFLVAK.G [950, 9601
R.NEDLGLPPLFPPR.E [966, 978]
R.EAFAEQFLR.G [979, 9871

R.GSDYAIR.L [935, 994]
R.LAAQSTLSFYQR.R [995, 10067
R.FSPDDSAGASALLR.S [1009, 1022]
K.GGFIPGSLTAR.S [1055, 1065]
R.SLQIPQCPTTCEK.S [1066, 1078]
R.TSGLLSSWK.Q [1081, 10597
R.SQENPSPK.D [1093, 11007
K.DLFVPACLETGEYAR.L [1101,1115]
K.SGVLSR.R[1153, 1158]
RVSPGYVPACR.A[1160, 1169]
RVTGGQPACESPR.C [1202, 1213]
R.QGSWSVFPPGPLICSLESGR.W [1250. 1269]

o

PP P PP PP PP PP PP PP DD PP PP PP PP PP PP P PP << PP P PP PP

70 Peptides
Exclude Cys
Exclude Met

g soIP01266[THYG HUMAN

R ETAFLK.Q [38, 43]

R.QLGRPKR [152, 157]

R.LLHGVGDK.S [170, 1771

R FPDAFVTFSSFQR.R [213, 225]

R FLAVQSVISGR F [283, 283]

R.QQALSR.L [368, 373]

R LYFGTSGYFSQHDLFSSPEK R [374, 393]
R.AIFPSR.G [445, 450]

R.LALQFTTNPK R [455, 464]

R LQQNLFGGK F [466, 474]

K FLVNVGQFNLSGALGTR.G [475. 491]
R.GTFNFSQFFQQLGLASFLNGGR.Q [492, 513]
R QEDLAKPLSVGLDSNSSTGTPEAAK K [514, 538]
K ELPGSR.V [644, 648]

R.SAIGKPK K [717, 723]

RWEAQNK.G [787, 792]

K.GQDLTPAK L [793, 8001

RVLQFIR E [931, 836]

R.ETEEIVSASNSSR F [937, 949]
R.FPLGESFLVAK.G [950. 9601
R.NEDLGLPPLFPPR.E [966. 978]
R.EAFAEQFLR.G [979, 957]

R.GSDYAIR.L [988, 884]
R.LAAQSTLSFYQR.R [995, 1008]

R FSPDDSAGASALLR.S [1009, 10227

K GGFIPGSLTAR.S [1055, 1065]
R.TSGLLSSWK. Q [1081, 1088]
R.SQENPSPK.D [1083, 11001

K.SGVLSR.R 1153, 1158]
RWESQLPQPR.A[1270, 1278]

R LGVNVTWK.S [1361, 1368]

R LEDIPVASLPDLHDIER A [1371, 1387]

R FTDLIQSGSFQLHLDSK T [1398, 1414]
K.TFPAETIR F [1415, 1422]

R FLQGDHFGTSPR.T [1423, 1434]

K VIFDANAPVAVR_S [1578, 1588]

R DALGNSK A [1648, 1652]

K ATSFGSLR.C[1653, 1660]
R.SHGQDSPAVYLK K [1667, 1678]
K.GQGSTTTLQK R [1680, 1688]

R LGDQEFIK.S [1792, 1799]

K SLTPLEGTQDTFTNFQQWYLWK. D [1800, 1821]
KVILEDKV [1854, 1858]

K VSLDSWQSLALSSVWVDPSIR H [2087, 2107]
R HFDVAHVSTAATSNFSAVR.D [2108, 2126]
R.EEATHIYR K [2177, 2184]

R KPGISLLSYEASVPSVPISTHGR L [2185, 2207]
R.SQAIQVGTSWK Q [2212, 2222]

K. QVDQFLGVPYAAPPLAER R [2223, 2240]

R FQAPEPLNWTGSWDASKPR A [2242, 2260]
R GFGGDPR.R [2371, 2377]

o x
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0%
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Semi-Automated
\

39 Peptides
Specific for Tg

Common among Tg

Targets

S P01266[THYG _HUMAN

R.WESQLPQPR.A [1270, 1278]
R.LGVNVTWK.S [1361, 1368]
R.LEDIPVASLPDLHDIER.A [1371, 1387]
R.FTDLIQSGSFQLHLDSK.T [1398, 1414]
K.TFPAETIR.F [1415, 1422]
R.FLQGDHFGTSPR.T [1423, 1434]
KVIFDANAPVAVR.S [1578, 1589]
R.DALGNSK A [1648, 1652]

K.ATSFGSLR.C [1653, 1660]
R.SHGQDSPAVYLK K [1667, 1678]
K.GQGSTTTLOK R [1680, 1689]
R.LGDQEFIK.S [1792, 1799]
KSLTPLEGTQDTFTNFQQVYLWK.D [1800, 1821]
KVILEDKV [1954, 1959]
KVSLDSWQSLALSSVWVDPSIR H [2087, 2107]
R.HFDVAHVSTAATSNFSAVR.D [2108, 2126]
R.EEATHIYR.K [2177, 2184]
R.KPGISLLSYEASVPSVPISTHGR.L [2185, 2207]
R.SQAIQVGTSWK.Q [2212, 2222]
K.QVDQFLGVPYAAPPLAER R [2223, 2240]
R.FQAPEPLNWTGSWDASKPR A [2242, 2260]
R.GFGGDPR.R [2371, 2377]

R.VSLAADR.G [2379, 2385]
R.GGADVASIHLLTAR A [2386, 2399]
R.ATNSQLFR.R [2400, 2407]
R.AQQQAIALAK E [2428, 2437]
R.QKPANVLNDAQTK L [2455, 2467]

K LLAVSGPFHYWGPVIDGHFLR.E [2465, 2488]
R.SLWVEVDLLIGSSQDDGLINR.A [2498, 2518]
K.TAFYQALONSLGGEDSDAR.V [2536, 25547
R VEAAATWYYSLEHSTDDYASFSR A [2555, 2577
R.ALENATR.D [2578, 2584]
R.SGNPNYPYEFSR K [2664, 2675]
KVPTFATPWPDFVPR.A [2677, 26901
R.AGGENYK.E [2691, 2697]

K.EFSELLPNR.Q [2698, 2706]

K.TSADGAK.G [2726, 2732]

K. GGQSAESEEEEL TAGSGLR E [2733, 27511
R.EDLLSLQEPGSK.T [2752, 2763]

Targets
SD P01266|

0%

<D< D DD DD DD <D< P~ PP~ DD~ PP D<D<D<D<P<P<D<O<D<D<

Manual
\

28 Peptides

) Cxclude PTMs

Exclude SNPs

HUMAN

RWESQLPQPR.A [1270, 1278]
R.LEDIPVASLPDLHDIER A [1371, 1387]
R.FTDLIQSGSFQLHLDSK.T [1395, 1414]
K.TFPAETIR.F [1415, 1422]
R.FLQGDHFGTSPR.T [1423, 1434]

K VIFDANAPVAVR.S [1578, 1589]
R.DALGNSK A [1646, 1652]

K.ATSFGSLR.C [1653, 1660]
R.SHGQDSPAVYLK K [1667, 1678]
K.GQGSTTTLOK R [1680, 1689]
R.LGDQEFIK.S [1792, 1799]
KSLTPLEGTQDTFTNFQQVYLWK.D [1800, 1821]
KVILEDK.V [1954, 1959]
R.HFDVAHVSTAATSNFSAVR.D [2108, 2126]
R.EEATHIYR.K [2177, 2184]
R.KPGISLLSYEASVPSVPISTHGR.L [2185, 2207]
R.SQAIQVGTSWK.Q [2212, 2222]
R.VSLAADR.G [2379, 2385]
R.GGADVASIHLLTAR A [2386, 23997
R.ATNSQLFR.R [2400, 2407]
R.AQQQAIALAK E [2428, 2437]
K.TAFYQALQNSLGGEDSDAR.V [2536, 2554]
R.SGNPNYPYEFSR K [2664, 2675]
KVPTFATPWPDFVPR.A [2677, 2690]
R.AGGENYK.E [2691, 2697]
K.EFSELLPNR.Q [2698, 2706]
K.TSADGAK.G [2726, 2732]
R.EDLLSLQEPGSK.T [2752, 2763]




# Peptides

»

Empirical Peptide Filters

Assay Workflow

__— Poor “flyers” _
_— Poor retention

Poor Digesters
(practicality)

/

Slow Digesters

Sensitivity
& Specificity

Development Workflow



Automated Tuning via Flow-Injection

File Edit View Settings Tools Help
_]_JHX- % D@B9->-

TM 'L)E CEOpt 4 b » X |[PeakAreas 2 x
i spPO1266]THYG HUMAN 3T {
= 3% RWESQLPQPRA 1270, 127 | File: |08 - TG_1667-1678_22 D | 5D 5 —S A —TTR)
® 34 570.7935++ m—Step -2 m— Step-1 " SHGQDSPAVYLK - 651.3279++
‘2 R.LEDIPVASLPDLHDIER A [1 = —— e w— Step 1 m— Step 2 —Step 3
& o9 RFTDLIQSGSFQLHLDSK.T [ — Sep4 m—Step 4 Step 5
©- 9 A 9684942++ i —— Step-3 120 1
# 9 A 645.9985+++ Step -2 ©
5 99 KTFPAETIRF [1415, 1422] —— Step-1 S
9 9 A 467.7533++ —— SHGQDSPAVYLK - 651,3279++ :
& ¢ RFLQGDHFGTSPR.T [1423, Step 1 =
& A 681.3335++ P— &
9 A 454558144+ o <
5 9% KVIFDANAPVAVR S [1578, 1 Step5 - M +2 H +72+
¥ 9 A 636.3590++ 350 — :
B 9 A 424 5751+++ )
= 9% RDALGNSKA [1646, 1652] &
9 9 A 3526823++ s
5 9 KATSFGSLR.C[1653, 1660] =
@ 9 A 419.7245++ 300 + g
5 ® 5
= 9 A 651.3279++ o
o M G [y10] - 1077.5575+3

@ /L D [y8] - 892.4775+12]
@ L S [y7]- 777.4505+(9] 250 +
@ L P [y6] - 690.4185+(10]
o LY [y3] - 423.2602+(4]
@ L L [y2] - 260.1969+4(5]
@ A H [b2] - 225.0982+(2)

CE Opt
Replicate

o A G [b3] - 282.11974[7] 2 200 ¢ e —
@ /L D [bS] - 525.2052+[8] 2 — Step -1 mm— SHGQDSPAVYLK - 4345543 +++
o /L A [b8] - 780.3271+[11] = e Step 1 mm Step2
o L V [b9)] - 879.3955+6] % — Step 3 = Step 4
o MY [x3] - 225.1234++([1] s StepS
5 9 A 434 5543+++ £ 150 + 140 —

o J_ P [y6] - 690.4185+(2]
. A[y5] - 593.3657+{3]
o LV [y4] - 522.3286+(6]
L Y [y3] - 423.2602+(8]
s A P [y6] - 345.7120+4{1] 100 +
L H [b2] - 225.0982+[7]

L D [bS] - 525.2052+[4]

o L S [b6] - 306.6223++[9]
9 LY i3] - 225.1234++4(5]

[M+3HJ3*

Percent of Regresslon Peak Area

) 9 KGQGSTTTLQKR [1680, 1€
® 9 A 510.7696++
19 R.LGDQEFIK.S [1792, 1799)
@ 9 A 4752531++
@ A 317171204+ 0 R o g
-9 K.SLTPLEGTQDTFTNFQQW : : g : > 2 3
bR Lt A 00 02 04 06 08 10 12 14 CE Ot
OF se1m Erucsceapse saca < Retention Time Replicate
Read! 1/1prot 9/28 pep 13/48 prec 92/565tran ..
y a2

Flow injection with 70/30/0.1, H2O/ACN/FA
1 precursor ion optimized per injection (29 peptides ~ 40 injections ~ 60 minutes)

MacLean et al., Anal. Chem., 2010, 82 (24), 10116-10124



Automated Tuning via Flow-Injection

Peak Areas.

(— Step 5 — Sl A — Step -3 — e -2 — SN -1
— - 450 4185+ e Slep 1 — 2 — Slep 3 — ey 4
Swp%

[M+3H3 > y* |

Transition Settings -_ - “
Prediction | Filter ] Library | Instrument | FuIi-Scan|
E Precursor mass: Production mass:
‘§ ’ Monoisotopic - I [ Monoisotopic - ]
i
g
5 .
E Collision energy: Declustering potential:
H ’ ABI vl [ABI V]

Optimization library:

|None -
a::;lwcm [v] Use optimization values when present
Feakivess - Optimize by:
-— Step -5 — Step -4 — Step -3 — Stap -2 — Step -1
|— g;-n?sﬂ OREge w— Sk 1 — 5tep I - Step J — Slep 4 | Precursor = I
250 T
3 Precursor
+3H*]3* > b,* I —
[M+3H b,

200
H
1%
H
£
z
£ 100
i

i OK ] [ Cancel
w =
L]

Replicate



Solvent Chemistry

96 chemistries x 26 peptides = 2496 injections




Column Screening

ARIA™ Transcend TLX-4
k (4 x 2D-LC Systems = 1 MS)

B
1

MS Detects 3 | 4

Mobile Phase 1 Mobile Phase 2 Mobile Phase 3 Mobile Phase 4




Export Method - . - ﬂ
Instrument type:
AB SCIEX QTRAP v

() Single method

") One method per protein

@ Multiple methods

Max transitions per sample injection:

22

Optimizing:

[None v ]
Method type:

[Standard v ]
Template file:

C:\Analyst Data\Projects\THYG\Acquisitior

["] 1gnore proteins

Max 230 ms
cycle time

Dwell time (ms):
10

R R
+ A D [b3] - 364.1503+{3]
@ AL [b4)] - 477 2344+(5)
s A T [a2] - 221.12854{1]
5 99 KTFPAETIRF [1415, 1422]
@ A 467.7533++
o A P [y6] - 686.3832+1]
s A AlyS] - 589.3304+{3]
A E [y4] - 518.2933+[4]
2 AT [y3] - 389.2507+{6]
o A P [y6] - 343.6952++
s A F [b2] - 249.1234+(2)
3 A L[c7] - 389.2107++(7]
* A F[a2] - 221.1285+
3 A Alod] - 389.21834(8]
s L E [a5] - 518.2609+(5]
5 »? KVIFDANAPVAVR S [1578, 1589]
= 9 A 63635904+
» A F [y10] - 1059.5582+{4]
s A D [y9] - 912.4898+4[8]
s L Aly8] - 797 4628+(6]
A N Iy71- 726 4257451

.
.
.
@ A 1b2] - 213.15984(2]
o A | [a2] - 185.1648+(1]
R DALGNSK A [1646, 1652]
A 3526823++

o e
¢ 0

AL [y5] - 518.29334{1]

.
°

-

N

o A A[b2]-187.0713+

s A L [b3] - 300.1554+(3)
® A L [c3] - 159.09464+

@ L Afo2] - 159.0764+
tSATSFGSLR C (1653, 1660]
« 1

Ready

5 o9

Help

13871

1414)

Column Screening

12 columns
X 11 injections/column
x 4 mobile phases/column

528 injections = 20 hours =>1104 chromatograms

X 01MeOH FA 4P wX
" |File: ANl -
g 15 . 3
el . ( i
_ 7% g & &% 2
A E O + * - —
05 10 15 20
Retention Time
- 01 MeOH AA 4P v X
File: All .
Z 15 H <
= g P > 2
= F 10 5 ] ; 7
= \ P %
€S 3 2 \ = 2 el
£ L= = e - . +
05 10 15 20
Retention Time
01 ACN FA {PwX
File: All -
=) g 15 3
z " : H
E 5 g/ 9 z
£o i
05 10 1.5 20
Retention Time
I 01 ACN AA 4P X
File: Al -
g 20
215
zZ 0
g5 = -
S >
o0 - - .
.. 10 15 20
» Retention Time
1/1prot  1/23 pep 1/182 tran




Column Screening

Tier 1 Column Screen

12 Columns (Multimodal )
4 Mobile Phase

(ACN-FA, ACN-AA, MeOH-FA, MeOH-FA)
528 injections 1004 Chromatograms

120%

Tier 2 Column Screen

12 Columns (“Optimal” Mode)

2 Mobile Phase
(ACN-FA, MeOH-AA)
72 injections - 552 Chromatograms
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Preliminary Digestion Screen

Peak Areas

[ ATSFGSLR-419.7245++

10 +

00 I 8 Trypsin Evaluation

_ * 1 Bovine TPCK-treated
T * 4 “Sequencing Grade”
or 1 » 1 LysC/Trypsin Mixture

« 2 Immobilized

06 1
:I'.; L
o
50_5--
£°°1
e
o

04 +

03 +

02 |
01 ]
001

3 ) ~ ) ! g 7 =) v ) z ) A ) o g

E 2 § T 8§ : & T § 1 8 & E S E 3

5 £ ¢ § ¢ & ¢ & ¢ &8 7 g8 3 & 3 &

E %3 5§ 9 5§ & 5 & 5 9 E 8 E 3

=3 @ (=2 c (=4 = =3 c (=2 = = _

s £ & 3 & § & 3§ & 3

a 3 3 3 3
Replicate



Preliminary Digestion Screen

1u Skyline - TGdgstscrn
File Edit View Settings Tools Help
DE k% @ (9

Targets 2x LysC Mix (2) ' LysC Mix | Sequencing Grade - 2 (2) | Sequencing Grade - 2 | Sequencing Grade - 1 (2) | Sequencing Grade - 1 | Immobilized - 2 (2) | Inmobilized-2 | 4 B ¥ X

Replicates: LysC Mix -

© % splPO1266ITHYG HUMAN -
& 9% RLEDIPVASLPDLHDIERA[1371,1387] 1

- @ A 644 67309+++

@ L P [y13] - 731.3884++[1]

@ i D [b3] - 358.1609+4(2] 04
¥ RFTDLIQSGSFQLHLDSK.T [1398, 1414] L . -
5 9 A 645998544+ 02 3 8

@ A S [y2] - 234.14484[2) 00 . P

@ L T [a2] - 221.1285+[1] -
5 9% KTFPAETIRF [1415, 1422 | | 0.0 05 1.0

B9 A 487.7533++ Retention Time
@ i P [y6] - 686.3832+[2]
@ P [v6] - 343.6952++[1] Areas
=99 KVIFDANAPVAVR.S [1578, 1589 | |Pe“2 5 L
- @ A 636.3590++ = =T

@ A 1[b2] - 213.1598+2]

@ ML 1[a2] - 185.1648+[1] Graph 3
2o R.DALGNSK A [1648, 1652] L
B A 35268234+ Transitions 3

@ L L [y5] - 518.2833+[2]

» L A[b2] - 187.071341] 20 4 Order v
? ? K.ATSFGSLR.C [1653, 1660] ] . Replicates 3
5 e A 419.7245++ Scope 5

@ L S [yB] - 66.3570+[1]

CV Values
Log Scale

1.0
0.8
06

TFP

Intensity (1046)
) EEA
ADQ
h‘mc
HFD
b, ) GOA
Fip F
TAF

20 25

@ L T [b2] - 173.0921+[2]
= @9 RSHGQDSPAVYLKK [1667, 1678] =
E- @ A 434 5543+++
@ AL P [y6] - 345.7129++(1]
@ M S [b6] - 306.6223++[2]
@9 KGQGSTTTLQKR [1680, 1689 | |
B @ A 510.7696++
@ L G [v8] - 835.45204[2]
@ A Q[b2] - 186.0873+[1] Copy Metafile
«? RLGDQEFIKS [1792, 1799] u
B @ A 47525314+ 1.0 + Copy Data
3 L Gy7] - 836.4149+4(1) Save Image As...
@ L K[y1]- 147.11284[2]
+® KSLTPLEGTQDTFTNFQQVYLWK.D [1800, ‘1 Page Setup..
B8 A 872 7709+++ Print...
@ L L [b2] - 201.1234+[1]
A @ L T [b3] - 302.1710+2] . 05 Un-Zoom
=99 KVILEDKV[1954, 1959] ST N N
- A 358.7131++ Undo All Zoom/Pan
@ L L [y4] - 504.2664+(1]
@ 1[b2] - 213.1598+(2]
=% RHFDVAHVSTAATSNFSAVRD [2108, 21261
B e A B73.0011+++
@ L A[bS] - 570.2671+[2]
@ /L H [b8] - 354 1666++[1]
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Empirically Driven Peptide Attrition

28 Peptides 26 Peptides 26 Peptides 8 Peptides
In-silico Filters  mmp Exclude =) Exclude =) Select
Poor Flyers Poor Retainers “Easy Digesters”

Replicates: 4mg_mL_6_5 hrs_Rep 3 3

Targets ax Targets

R <0/P01266THYG_HUMAN BN 501P01266THYG HUMAN
Q R.LEDIPVASLPDLHDIER A [1371, 1387]

T

=

R.LEDIPVASLPDLHDIER A [1371, 1387]

“

R.WESQLPQPR A [1270, 1278]

“
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R.LEDIPVASLPDLHDIER A [1371, 1387]
RFTDLIQSGSFQLHLDSK T [1398, 1414]
K.TFPAETIRF [1415, 1422]
RFLQGDHFGTSPR.T [1423, 1434]
K.VIFDANAPVAVR S [1578, 1589]
R.DALGNSK A [1646, 1652]

KATSFGSLR.C [1653, 1660]
R.SHGQDSPAVYLK K [1667, 1678]
K.GQGSTTTLQKR [1680, 1689]
R.LGDQEFIK.S [1792, 1799]
K.SLTPLEGTQDTFTNFQQVYLWK D [1800, 1821]
KVILEDK.V [1954, 1959]
R.HFDVAHVSTAATSNFSAVR.D [2108, 2126]
REEATHIYR K [2177, 2184]
R.KPGISLLSYEASVPSVPISTHGR L [2185, 2207]
RSQAIQVGTSWK Q [2212, 2222]
R.VSLAADR G [2379, 2385]
R.GGADVASIHLLTAR A [2386, 2399]
RATNSQLFR.R [2400, 24071
RAQQQAIALAK E [2428, 2437]

K. TAFYQALQNSLGGEDSDAR.V [2536, 2554]
R.SGNPNYPYEFSR K [2664, 2675]
KVPTFATPWPDFVPR A [2677, 2690]
RAGGENYK.E [2691, 2697]

K EFSELLPNR.Q [2698, 2706]

K. TSADGAK G (2726, 2732]

R EDLLSLQEPGSK T [2752, 2763]
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RFTDLIQSGSFQLHLDSK T [1398, 1414
KTFPAETIR F [1415, 1422]

K VIFDANAPVAVR S [1578, 1589]
R.DALGNSK A [1646, 1652]
KATSFGSLR C [1653, 1660]

R SHGQDSPAVYLK K [1667, 1678]
K.GQGSTTTLQK.R (1680, 1689]
RLGDQEFIK S [1792, 1799]

K SLTPLEGTQDTFTNFQQVYLWK D [1800, 1828
KVILEDK.V [1954, 1959] =)
R HFDVAHVSTAATSNFSAVR D (2108, 2126]
REEATHIYR K [2177, 2184] =)
R KPGISLLSYEASVPSVPISTHGR L [2185, 2207.
R SQAIQVGTSWK Q [2212, 2222]

R GGADVASIHLLTAR A [2386, 2399]
RATNSQLFR R (2400, 2407]

R AQQQAIALAK E [2428, 2437]

K TAFYQALQNSLGGEDSDAR V [2536, 2554]
R SGNPNYPYEFSR K [2664, 2675]

K VPTFATPWPDFVPR A [2677, 2690]
RAGGENYK E [2691, 2697

K EFSELLPNR.Q [2698, 2706]

CEOEOEEOOEOEOEOEOEOEOOEOEOOOLEOEGOGO
“Q Q<0000 Q<000 <D V<0<V <0 <V<O<V<O<O<V<O <D

RFTDLIQSGSFQLHLDSK T [1398, 1414]
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R SHGQDSPAVYLK K [1667, 1678]
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R HFDVAHVSTAATSNFSAVR D (2108, 2126]
REEATHIYR K [2177, 2184) =)
R KPGISLLSYEASVPSVPISTHGR L [2185, 2207.
R SQAIQVGTSWK Q [2212, 2222]

R GGADVASIHLLTAR A [2386, 2399]
RATNSQLFR R [2400, 2407]

R AQQQAIALAK E [2428, 2437]

K TAFYQALQNSLGGEDSDAR .V [2536, 2554]
R SGNPNYPYEFSR K [2664, 2675]

K VPTFATPWPDFVPR A [2677, 2690]
RAGGENYK E [2691, 2697

K EFSELLPNR.Q [2698, 2706]
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R.FSPDDSAGASALLR S [1009, 1022] =
R LEDIPVASLPDLHDIER A [1371, 1387] &
K.TFPAETIR F [1415, 1422] u
K.VIFDANAPVAVR S [1578, 1589]
KVILEDKV [1954, 1959]
R.SQAIQVGTSWK.Q [2212, 2222]
R.GGADVASIHLLTAR A [2386, 2399]
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Digestion Recovery

recovery IS peptide (1Sg)

FSPDDSAGASALLR
i Signature
cleavable IS peptide /g
FSPDDSAGASALLR |
5 IS
ISg
9 Denature 9 Digest 9 LC-SRM
Spiked Serum Acid Quench
135 145 155 165 175
Retention Time (min)

(~200 ug/mL Tg)
o A x [ISg] = [Sig] = Recovery of Signature Peptide
ISg

AlS
e A, [ISel =[1S] Recovery of Internal Standard Peptide
B



Digestion Recovery

2% spjP01266/THYG HUMAN
) - =-99% RFSPDDSAGASALLR.S [1009, 1022
S|gnature _— E! ? A_ 703.8492++ (rdotp 1, total ratio 0.8)
e _lL A[y8] - 758.4519+[3] (ratio 0.8)
: e G[y7]-687.4148+[2] (ratio 0.71)
e L P[y12] - 586.7989++[1] (ratio 0.82)
ISB% ch uL 712.3619++ (heavy)
@ JL A [y8] - 775.4773+[3]
9L G [y7] - 704.4402+]2]
e P y12] - 595.3117+41]
- =99 RFSPDDSAGASALLR.S [1009, 1022]
|IS—— &9 .AL 707.3580++ (rdotp 1, total ratio 0.89)
- a_fL Ay8] - 765.4696+[3] (ratio 1.03)
-2 JL G [y7] - 694.4324+[2] (ratio 0.99)
| e L P [y12] - 590.3078++[1] (ratio 0.83)
|SB—> e- uL 712.3621++ (heavy)
e L Ay8] - 775.4778+3]
e L G[y7] - 704.4407+[2]
ea L P y12] - 595.3119++[1]
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Additive Screening

0 additives x 2 levels x 3 time points x 3 replicates = 162 injections

% of max ..
yield Additive LED TFP VIF VIL SQA GGA EFS FSP # >85% of max
0.25 M Urea 94.0 | 472 5
1.0 M Urea 94.4 ] 482 6
0.25 M GnHCI 925 || 369 4
85% 1.0 M GnHCI 6
80% 0.0675 M Thiurea 90.5 L ]571 [ 1490 4
70% 0.25 M Thiourea 947 [l 547 6
60% 0.2% DOC 9.6 | 538 7 |
50% 0.8% DOC 83.1 || |420 5
40% 0.125% CHAPS | 882 [ ]493 [ 410 [ |346 1
30% 0.5% CHAPS | 890 [ 473 [ s61 [ 465 3
20% 1.25% TFE | 888 7
10% 5.0% TFE | 834 |[] 546 6
0% 10% ACN  |215 1353 5
S— 37.5% ACN (130 13.0 65.9 3.9 45.3 14.4 5.3 9.1 0
tg‘g‘sf%m:f 10%MeOH [ J19 []77 [l 5384 [J10 [ 36 J[ 53 |[ 31 || 65 0
max yield 375%MeOH [ 163 || 641 [ 1805 [ 407 [ |582 [ 302 [ 445 |[ 269 | 1
10% 1-PrpoH [ J211 [ J211 [ 777 [ Jaa7 [ 799 [ 430 [ l416 [ |383 0
J1hr 375%1PrpoH [ 10 [ 10 ] 568 [ |23 [J273 [ 61 [ 21 []93 0
T ahrs No Additive (113 []J31 [l s62 [ o6 [J206 [ 31 [ 18 | 77 0
Maximum Recovered 69.8 83.4 93.4 57.8 113.4 63.7 66.1 58.2
% Recovery @ Max  44% 53% 59% 37% 72% 41% 42% 37%

Shuford et al., ASMS., 2014, Wed Poster #134



“Enzyme Reactors”

VIL GGA EFS

100 - 150 - 100 -
90 A 135 1 90 A

%‘ 80 120 4 80

2 70 105 - 70 A

< 60 90 60 -

g 50 75 50 A

E 40 60 40

2 2 ;‘3 0 -

T 10 15 10 @ T

0.0 10 20 30 40 0.0 10 20 30 40 0.0 10 20 30 40
time (hrs) time (hrs) time (hrs)
Q Thermomixer® Q@ Rapid Enzyme Digestion System Q MARS6 @ Barocyler®
(Heat Block) (Microwave Reactor) (Microwave Reactor) ~ (Pressurized Reactor)
Peptide Recovery (nmole/L) Digestion Time (hours)

Peptide Thermomixer  REDS MARS6  Barocycler Peptide Thermomixer  REDS MARS6  Barocycler
LED = 7373 13.17 1259  []42.44 LED = 18.00 2.86 084 | o051
TFP  129.70 63.98 5768  [IN05%0 TFP 3.85 4.00 063 | 033
VIF | 13850 92.14 6547  [N124100 VIF 3.42 4.00 046 | 043
VIL 86,97 18.26 2051  [I59.90 VIL | 1318 219 213 || 146
SQA = 168.80 82.72 7202 [N146210 SQA = 386 4.00 061 | 035
GGA = 10932 44.36 4621 [NE0DY4 GGA 474 4.03 089 | 047
EFS = 11985 23.86 2833 [b5.75 EFS 1690 2.28 548 [ 147
FSP 96.46 39.23 3389 [IN88l77 FSP 5.19 4.14 132 | o052

Shuford et al., ASMS., 2014, Wed Poster #134



[NAT Peptide] (nmol/L)
— = |75} +a L (=3} | oo
(=} [= (=} (= [} (= (= (=

Trypsin Type Comparison

IL

9 12
time (hrs)

GGA EF

12 15 18 0 3 6 9 12 15 18
time (hrs) time (hrs)

Q Bovine @ Modified Porcine A O Modified Porcine B @ Modified Porcine C © LysC/Trypsin Mix

(TPCK-treated)

Peptide Recovery (nmole/L)

Digestion Time (hours)

Peptide Unmod. Mod. A Mod.B  Mod.C LysC Mix Peptide Unmod. Mod. A Mod.B Mod.C LysC Mix
LED = 3911 | 41181 2835 [12323 | 2852 LED 1564 | 2307 1954 [N1675 | 2208
TFP 7110 7081 7153 | 7162 6821 TFP 158 | 094 183 | 240 | 114
VIF 7664 | 7622 7572 [ 7828 @ 7184 VIF | 073 014 | 089 | 066 | 046
VIL 5061 | 4892 4532 4242 | 4171 VIL 984 | 1005 | 2097 29800 15.14
SQA 8399 8385 8165 | 80.89  72.65 SQA 140 | 086 118 | 157 111
GGA | 5167 | 5112 5637 [WBBB0 | 4053 GGA 257 | 312 635 [B10 | 6.77
EFS 6421 | 6619 5712 [N6480 | 60.81 EFS = 1030 | 1969 = 6153 6789 1.73
FSP | 5041 | 4825 4600 [N447 | 35.00 FSP 186 | 208 | 225 [ 254 | 251

Shuford et al., ASMS., 2014, Wed Poster #134



Trypsin Titration (Bovine TPCK-treated)

VIL GGA EF
80 -
~ 701
_—
:
:
g'
a0
2
Z
9o 12 15 3 6 9 12 15 18 3 9 15 18
time (hrs) time (hrs) time (hrs)
Q1:200 O 1:100 Q150 @1:20
(Enzyme:Subtrate)
Peptide Recovery (nmole/L) Digestion Time (hours)
Peptide  1:200 1:100 1:50 1:20 Peptide  1:200 1:100 1:50 1:20
LED = 46.02 52.94 6009 | 5822 LED 1564 23.49 1650 [0.43
TFP | 69.72 67.49 6969 | 6991 TFP | 1.39 154 077 | 063
VIF 74.27 69.91 7113|7093 VIF 056 0.70 0.12 0.11
VIL 6191 55.21 5555 | 59.14 VIL 1406 7.03 364 | 197
SQA | 8101 77.92 7807 | 7430 SQA 131 1.34 0.83 0.11
GGA = 5120 4437 4355  [40.08 GGA = 215 1.72 114 | 110
EFS  69.02 60.87 60.07 | 59.00 EFS = 1242 6.11 288 | o094
FSP | 4808 50.27 5200 [IB0%6 FSP = 217 2.00 172 | 139

Shuford et al., ASMS., 2014, Wed Poster #134



Functional Sensitivity

'SB Serially Diluted with ISB Solution

- Uitk b A

SRR~ N
Neat Tg Digest ~" < & & r\?‘ &V $° @"
(PBS) DA IENAEN

Peak Areas 4k X

Log Peak Area

Log Peak Area

| — SCAIQVGTSWK - 602.8197++
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I
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10% - I
[m—SQAIQVGTSWK - 610.3354++ (eavy) | 1
T 0% L : S o T O
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i
|
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Functional Sensitivity

Peak Areas 4Pk wX
[mmm EFSELLPNR - 552.7878++ Serum

16 T

1.4 i
. I
g 12
f. PBS
L
T 08
©
o~ L
2 06+
< [
-
s 041
g I

oo L

PBES PBS (2) PBS (3) PBS (4) Sera Sera (2) Sera (3) Sera (4)
Replicate
ng Tg in PBS ng Tg in Serum
0

0 0.2 04 0.6

0.2 04 0.6

EFSELLPNR 287

GGADVASIHLLTAR
SQAIQVGTSWK
VILEDK
VIFDANAPVAVR

659

2,370 2,119

459 431

TFPAETIR 250 270
FSPDDSAGASALLR 231 193
0 500 1000 1500 2000 0 500 1000 1500 2000
amol Tg in PBS amol Tg in Serum

Estimate impacted by ionization/fragmentation efficiency AND digestion efficiency




After Re-optimization ....

cleavable IS peptide <5 hours from tube-to-instrument

FFSPDDSAGASALLR

et A
9 Denature| @ Digest | 9 Enrich I @ LC-SRMI

30 min, 56 °C 30 min, 37 °C 2 hrs, 20 °C
DOC/DTT Trypsin anti-FSP mAb 135 145 155 165 175

Retention Time (min)

Capable >2000 patient samples per day on ONE LC-MS System

112 samples per hours (~30 seconds inject-to-inject) 200 amol on-column LLOQ

0.2 ng/mL LLOQ

Intra/Inter (n=20)

CV (%) 10.5/17.2

Bias (%) +0.4/-1.5

§°§s§§§§§§§’é§§’é§§§§§§§§§§§§§§




Summary

Development of a front-line clinical proteomics assay is data intensive (data per unit time)

« Considerations for 1) Throughput, 2) Cost, and 3) Sensitivity

« Data volume is effeciently managed by Skyline
CE Tuning via flow injection — facile alternative to LC with scheduled SRM
Chemistry screening provides valuable repository of information

 Critical for assay refinement/re-optimization
Efficient digestion can be fast & cheap!

« Optimize all conditions as a function of time

MacLean et al. , Bioinformatics, 2010, 26 (7), 966-968
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