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Development of Protein

Quantification Assays

Example: UGT Isoform — Specific Protein

Quantification




Process

® Identity and procure appropriate recombinant protein

* Digest recombinant protein in buffer

® Screen protein digests for predicted peptides

® Check for peptide uniqueness in the background proteome
* Research known and predicted PTMs, and variants

® Choose best peptides and transitions

* Estimate LOD by serial dilution of digested protein in bufter, and
digested matrix (plasma, CSF, tissue, etc)

® LOQ determination by serial dilution of recombinant protein into
matrix followed by digestion

® Choose peptides and transitions for final method
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Skyline SRM Screens All Tryptic Peptides

Targets e 24hrM3 [ 24hr M2 24 hr M1

Replicates: 24 hr M1 M

=% spIP2Z30SIUDT1_HUMAN [— vo-8Bo4a12+ — yB-758.4407+ 7 - 687.4036+ ¥6-574.3195+

¥5-503.2824+

@ ¥ KILLIPVDGSHWLSMLGAIQALAGR G [29. 52] 500 —
@ _J_ 906.1704++=
@ RGHEIVVLAPDASLYIR.D [53, 68]
@ _j_ 8765858+

A 5B49929+++ 400 +
@ RDGAFYTLK.T [69. 76]
@ _A_ 457.7345+
-2 @ KTYPVPFQRE[77, 84]
@ _i_ 50426914+
» § KESFVSLGHNVFENDSFLGR.V [39. 107]

300 +

@ KDSAMLLSGCSHLLHNK.E 118, 133]
@ _A_ 8915349+
A 594.9590+++
-9 ® REVIVQDLLSSASVWLFR.S [240. 256]
A 9755202+ 100 +
@ _A_ 6506826+
£-a§ RSOFVKD [257. 261] .

200 +

Intensity (1043)

4b =X

@ _A_ 298.1579++ A

-3 0 ;

2 % KAMAIADALGK [318, 327]

WY co7czo-- 0 2 4

@ KIPQTVLWRY [328, 335]
_A_ 506 8006++

G
Retention Time

2 RYTGTRPSNLANNTILVKW [336. 352] Peak Areas
A 6213425+ 7
€ KWLPQNDLLGHPMTR.A [353, 366]

@ KGAGVTLNVLEMTSEDLENALKA [407. 427]
A 11025584+ 10 ¥
A 7353753+
@ KAVINDK S [428. 433]
A 33018984+ 100 £
@ KENIMR.L[437. 441]
A 3318681+
€ RLSSLHKD [442, 447]
A 34270564+
@ K.DRPVEPLDLAVFWVEFVMR H [448, 466]
A 1159.6037+
A 7734045+
@ KCOCAYGYRK [508, 514]
A 47518644+
A 371267 1%+

Log Peak Area

AL 5599558111 Useful Response for Quant

ILL

GHE++ £
GHE+++ -
DGA +
TYP L+
ESF +
DSA++ +
DSA+++ +
EWT++ 4
EWT+e+
SDF 4

Ready

Ama L
o L

Peptide

YTG +

WLP 4

GAGH

CAG+++

a1

ENI +

111 prot

LSS +
DRP++ 4
DRP+++
coA 1
coAtid L

9/18 pep 12/24 prec 17/203 tran .:

Digest of 50 ug of recombinant UGT1A1 microsomes (Supersomes)
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Skyline SRM Screens Matrix Check

BTG B Himoos 4 »X | HMO03 q9b-x rUGT 141002 4 b X | 7 rUGT1A1001 4 b -x
Replicates: rUGT 141001 -
Y oo P22305L011_HUMAN | w7 gooe ¢ . T ®o0T
@ ¥ RGHEVWLAPDASLYIR.D [53. 68] | H LM H LM ' R
M@ A 5849929+ I T =
@ R DGAFYTLKT [£3. 78] ] a5 T 7000 600 - g 300 L I
u 6000 T r
500 + 250 +
2 @@ KESFVSLGHNVFENDSFLQR V [29, 107] ] 20 | r w
& o 5000 & - & o
®  REVTVQDLLSSASVWLFR.S [240, 256] NI < = S a0 L S o0 L
- @ _J 6506826+++ = = - r =
@ KIPQTVLWR.Y [328, 335] | =15+ £ 4000 F- [ F=y
AL 506 30061+ 2 £ £ 2 F
€ RYTGTRPSNLANNTILVK W [336, 352] m = = § 800 g 180 ¢ a
B AL 62134254+ £ 3000 £ £
@ KAVINDK.S [428, 433) 10 + ] [ =
A 330.1898++ 200 + = 100 +
B @ RLSSLHKD [442. 447) [ | 2000 [ e
AL 3427056+ s 1 r @ - e
B L 228.8062++ 1000 100 L 50 L & o
0 0 o L e e} 0 L J ‘ 'H l‘ t
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Retention Time Retention Time Retention Time Retention Time
Peak Areas B X

Ready

Peak Area (1046)

GHE DGA TP ESF EVT IPQ YTG AV LES++
Peptide

1/1 prot 1/9 pep

LES+++

1/10 prec /41 tran

Digest of 50 ug of rUGT1A1 microsomes, 200 ug HLM
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Skyline SR

Screens Unique Peptides

Targets 1 x
Replicates: HLM 003

ER N </ 223051UD11_HUMAN
E-@ ¥ RGHEVLAPDASLYIR.D [53, 68] [ |

@ i 5849929+++
@

R.OGAFYTLK.T [59, 78] ]
@ A 45773454+

K TYPVPFQR.E [77, 84] [ |
@ A 5042691+

? KESFVSLGHNVFENDSFLGR.V (89, 107] [l
@ A 7423585+

9 REVTVQDLLSSASVWLFR.S [240,256] [
- @ A 650.6826+++

Ready

~~ HLM 004~ HLM 003

4 b -

- rUGT 1AT 002~ rUGT 1A7 001

b -x

8000 300 +
$ £

7o00 | N . s S

o | Human Liver upersomes

o0 | Microsomes ;™! )
=z 2 :
£ 4000 | z 150 | 3
£ g

8
3000 - =
100 +
2000
.
s0 | § @
1000 -
o 1 N | 0 ‘ JU : , ,
0 8 10 0 4 6 g 10 12
Retention Time Retention Time

Peak Areas 1 x
g
2
g
=<
3
[-B

GHE

DGA

TP
Peptide

ESF

1/1 prot 1/5 pep

EVT

1/5 prec

1/19tran _:

Digest of 50 ug of rUGT1A1 microsomes, 200 ug HLM
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Peptide Catalog

Resulting pcpti(lc sequence (see

explanations)
MAR 3 376.474
TGWTSPIPLCVSLLLTCGFAEAGK 24 2464.92
LLVVPMDGSHWFTMQSVVEK 20 2303.72
LILR 4 513.681
GHEVVVVMPEVSWQLGK 17 1894.219
SLNCTVK 7 763.907
TYSTSYTLEDLDR 13 1563.638
EFMDFADAQWK 11 1387.529
AQVR 4 472.545
SLESLFLSSSNGFFNLFFSHCR 22 2557.909
SLENDR 6 750.809
K 1 146.189
LVEYLK 6 763.932

Peptide length [aa] Peptide mass [Da]  Position of cleavage site

27
47
51
68
75
88
99
103
125
131
132
138

SNP

4-24 aa

Met

Not Unique

PTM

PTM (known) (predicted)

V Z
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http://web.expasy.org/peptide_cutter/peptidecutter_instructions.html#peptides

Export SRMs of Chosen Peptides

tu Skyline - UGT1A1.sky * - a
File Edit View Settings Tools Help
DS ke ¥CG@ 9 -0~
Targets || HLM 004 HLM 003 LR TUGT 1A1002 " fUGT 141001 4b <23
Replicates: HLM 003 -
o %, splP22308UD11_HUMAN 8000 T 300 T
©-@ % RGHEVVLAPDASLYIR.D [53, 68] | e &
- @ A 5845925+ 7000 L = N
- @ L AyE] - 722.4136+[3] 250
- @ L P [y8]-467.7533+{1] I
i - @ L Vb6]-635.35114(2] 5000 T
=- 2% RDGAFYTLKT[69.76] [ ]
S @ 4 45775+ 200 1
- @ L AyE]- 742 41344[3] s000 1 _
I Fiy5l- 6713763+{2) & @
i - @ I Y [yd] - 524.307%{1] z e @
=-8% KTYPVPFQRE[77.84] H g - [ P
B @ 4 504.2691++ & 4000 %- 150 3
@ /L Pyg]-743.4199+2] £ <
@ /L P fy4]-547.2987+[1] 3000 £
@ Piyg]-3722136++[3] — 100 [
2000 AB SCIEX v —
) Single method 50 +
1000 () One method per protein
(® Mutiiple methods [1 lgnore proteins h‘* L
0 0 + + t + t i
0 2 4 6 Max transitions per sample injection 2 0 2 4 6 8 10 12
Retentio| 75 Retention Time
Peak Areas Methods: 1 2 x
B Optimizing:
None v
20 + Method type: Dwelltime {ms)
5
g 15
1
S
=4
x
T 10 4
-9
5 4
0 4
GHE DGA il
Peptide
Ready 171 prot 13 pep 1/3 prec 1/9 tran

| | /=
Digest of 50 ug of rUGT1A1 microsomes, 200 ug HLM PHARMACADENCE
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Next Steps

® Procure stable isotope labeled versions of the chosen
peptides
* Add the SIL peptides to the Skyline document

* Generate acquisition methods containing both labeled and

unlabeled peptides
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" 10 Individual Donor Liver Microsomes
UGT 1A1 Relative Abundance

. DGAFYTLEK - 457 .7345++

Peptide 1

=
=
3
T 47
o
[
S L
® 3+
o
©
=
=T
x 2 A
©
@
o
| l I l
0 - . - . .
HLM A-1 HLM B-1 HLM C-1 HLM D-1 HLM E-1 HLM F-1 HLM G-1 HLM H-1 HLM -1 HLM J-1

Replicate

mmm TYFVPFOR - 504.2691++

5

4
. Peptide 2
-
£ 24
z
o 1 _:_

. . . PHARMACADENCE

[V
HLM A-1 HLM B-1 HLM C-1 HLM D- 1 HLM E-1 HLM F-1 HLM G-1 HLM H- 1 HLM -1 HLM J-1
k Replicate




Absolute Quantification of UGT

Quantify
amount of UGT
1In recombinant

cell system
microsome by
isotope dilution

Use the
qualified rUGT
microsomes to

generate the
protein
standard curve
in rat liver
microsomes

Quantify UGT
protein in
human liver
microsomes

using surrogate

peptides and SIL
internal
standards
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UGT1A1 Calibration Curve

i Q Hegression ﬁ Q 5

Calibration for peptides. TYPYPFOR. sum light: v = 0.06644 » + -0.03665 [r = 0.97671] [weighting: 1 / «]

9.0
85
8.0
7.5
7.0
E.5
E.0
5.5
5.0
454

Area Ratio

4.0
35
30
25
2.0
15
1.0
054

004
a

UGT Conc
(ug rUGT/mg RLM) N

25 a0 35 40

Mean

45 50 55
Concentration Fatio

Stdev

&0 65 70 75

Percent CV

a0 85 a0 95

Accuracy

1.25 50f5
1.88 50f5
2.5 50f5
5.0 50f5
12.5 50f5
18.75 50f5
25 50f5

5.51

7.07

9.04
23.02
42.79
73.28
106.80

0.39
0.92
1.10
3.10
7.19
11.78
20.47

7.16
12.99
12.19
13.45
16.80
16.07
19.17

110.19
94.26
90.38

115.09
85.59
97.70
106.80
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e

UGT2B7 Calibration Curve

B % [FRegession T O =
Calibration for peptides1. TILDELIQR. sum.light: y = 0.03048 « + 0.00283 [r = 0.99897] [weighting: 1 / =]
32

304
28
26
2.4
22
20
1.8
1E

Area Ratio

0 5 0 185 20 25 a0 35 40 45 =0 55 B0 ER 70 75 &0 85 90 95
Concentration R atio

UGT Conc
(ug rUGT/mg RLM) N Mean Stdev Percent CV Accuracy

1.25 50of5 5.20 0.31 5.89 103.97

1.88 50of5 7.73 0.31 4.02 103.04

2.5 50of5 9.71 0.55 5.63 97.07

5.0 50of5 19.25 1.13 5.88 96.27

12.5 50of5 49.35 1.19 2.41 98.70

18.75 50of5 74.04 2.32 3.13 98.73 o
25 50of5 102.20 2.74 2.68 102.22 ////
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Abundance of huUGT in 10 Individual
Human Liver Microsomes

pmol hulUGT/ mg HLM

mHILMA
mHLM B
mHLM C
mHLM D
mHLME
mHLMF
mHIM G
m HLM H
HIMI

= HLM |




Protein Modification Characterization




Solulink Chemistry

o 4——forrnylbenzarnide — amine derivative

S-4FB 8 o o

C,H,NOs MW 247.20 <
H o—RN

Catalog# S-1004

O

V Z
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Problem: I[dentify the Modified Lysines

iy P10253LYAG_HUMAN

W _ I NE TR . F_N F_ W _ T L

L}'s-u:us-n:nmal dalpha-glucosidase OS=Homo sapiens GN=GAAPE=1 Sv=d
MGVRHPPCSHRLLAVCALYVS ATAALLGHILL HDFLLVPRELSGSSPYLEETHPAHQOG ASRPGPRDAQAHPGRPRAVFTQCDY

| PPNSRFDCAPDKAITQEQCEARGCCYIPAKQGLOQGAGMGOPWC FFPPSYP SYKLENL S 5 SEMGYTATLTRTT PTFFPKDILTL
TRLOVMMETEN RLHFTIKDPANRRYEVPLETPHVH SRAPSPLY SVEF SEEPFGVIVRRULDGRVLLNTTVAPLFFADQFLAL 5T 5
ALPSYITGLAEHLSPLMLSTSWTRITLWNRDLAPTPGANLYG SHPFYLALEDGG SAHGVFLLN SNAMDVVLOP SPALSWRSTG
JGILDVYIFLGPEPKSVVOLY LDVVGYPFMPPY WGLG FHLCRWG Y5 5T AITROVYVENMT RAHFPLDVOWNDLDYMD SRRDFTF

NKDGFRDFPAMVQELHOQGGRRYMMIVDPAI S S5GPAGSYRPYDEGLRRGVFITNETGOPLIGKVWPG STAFPDFTNPT ALAW
WEDMVAEFHDQVPFDGMAIDMN EP SNFIRG SEDGCPNNELEN PPYVPGVVGGT LOAATICA SSHAFL STHYNLHNLYGLT EAI

|ASHRALVKARGTRPFVISRSTFAGHGRYAGHWTGDVW S SWEQLAS SVPEILQFNL LGVPLVGADVCGFLGNTSEELCVRWT
TALGAFYPFMENHN SLLSLPQEPY SFSEPAQOAMRKALT LRYALLPHLYTLFHOQAHVAGETVARPLFLEFPKDSSTWTVDHGL
A LWGEALLITPVLQAG KAEVT GYFPLG TWY DLOTVPVEALGSLPPPPAAPREPAIHSEGOWVTLPAPLDTINVHL RAGYIPLQGP
JGLTTTESRAOPMALAVALTKGGEARGELPWDDGESLEVLERGAY TQWFLARNMT WMMNELVRVT SEGAGLALQKNVTVLGWVAT AP

DEVLH*IG‘JF'USHFI' YSPDTEVLDICV SLLMGEQF LV SWC

T =T =T T T 7l T [ Ty T T T T

? F LGPEPKSVVQQY.L [342, 353]

« Purified protein de-glycosylated and digested with chymotrypsin
 SRM methods built for modified and unmaodified lysine containing peptides
« Native and modified protein samples analyzed by SRM |
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Skyline Peptide Prediction and
creenin

n]]

fu Skyline - GAA-S4FB Mod 1 missed mods only processed.sky =
File Edit View Settings Tools Help

DEH ke 8@ 9 -6

Targets rx S4FB_mod_mtd 4 | SAFE_mod_mtd 3 | S4FB_mod_mtd 2 SAFB_mod mtd 1 4b-x
Replicates: S4FB_mod_mtd 1 e
E-%, spIP10253LYAG_HUMAN A [—— v7-9475322+
@ @ FDCAPDKAITQEQCEARGCCY.I [30, 109] 18 —
Y.IPAKGGLQ[110, 11§] Peptide Settings “
¥ IPAKQGLGGAQMGQPW C [110, 125] {missed 1)
F FPPSYPSYKL.E [128, 137] missed 1)

¥ KLENL S [136, 140] {missed 1) o
L TRTTPTFFPKDIL.T [152, 164] {missed 1) >
F.FPKDIL.T [153. 164] Structural modffications:

F FPKDILTL R [159, 166] missed 1) [] Carbamidomethyl (C) Edit list...
L HFTIKDPANRRY.E [179, 190] {missed 1) [[] Carbamidomethyl Cysteine
FTIKDPANRRY.E[181, 150] [ S-4FB

F TIKDPANRRYEVFLE [181, 194] {missed 1)

F LGPEPKSVVQQY L [342, 353] (missed 1)

L GPEPKSVVQQY.L [343, 353]

L GPEPKSVVQQYL.D [343, 354] {missed 1)

F TFNKDGF R [414, 420] {missed 1)

F.NKDGF.R [416, 420]

F NKDGFRDFPAMVQEL H [416. 430] (missed 1)

F ITNETGQPLIGKVWPGSTAFPDF T [467, 489] missed 1)
L IGKVWPGSTAFPDF.T [476, 489]

L IGKVWPGSTAFPOFTNPTAL A [476, 495] {missed 1)

L TEAIASHRALVKARGTRPF.V [577, 595] {missed 1)

L VKARGTRPF V [587, 535] -

L VKARGTRPFVISRSTF A [587, 602] (missed 1) % i:j}%g:ﬁ:f Edit list...
¥ SFSEPAQRAMRKAL T [685, 638] (missed 1) (] Label- 13C15N Ley
F SEPAQQAMRIKAL T [687, 638]

F SEPAQQAMRKALTL R [687. 700] missed 1)
F LEFFKDSSTW T [728, 737] missed 1)

L EFPKDSSTW T [729, 737]

L EFPKDSSTWTVDHQL.L [729, 743] {missed 1) Intemal standard type:
LITPVLOAGKAEVTGY F [751, 765] {missed 1)
L QAGKAEVTGY.F [756, 765]

L QAGKAEVTGYFPL.G [756, 768] (missed 1)
L AVALTKGGEARGEL F [843, 856] (missed 1)

L TKGGEARGEL F [347, 856] e
L TKGGEARGELF W [847, 857] fmissed 1) Retention Time
. L QLQKVTVLG [899. 906] {missed 1) v
Ready 1/1 prot 8/ pep 8/41 prec 39/246 tran

V za
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yG - 850.4795+ y5 - 5743447+ bd - 636.2002+ b5 -740.3743+ b6 -862.4583+ |

©
Q<0<

Digestion | Prediction | Fiter | Library | Modfications

& & 8 & PO e B O

“QeQ<QeP<Q<QP<PP<PeP<Q<O<QVPP<P<PPeP<Q<O<P<P<Q<P<P<P<P<V<P«P<P=

Max vanzble mods: Maxe nevtral losses:
3 1

Isotope Iabel type:
heavy W

Intensity (1043)

Isotope modffications:

heavy ]

[T I L |

8 10 12




Peptides

ining

Modified Lysine Conta

Peak Areas

Peak Areas

[ 0dS
[ 9IALAD

[ TALAMD

431
T d3s

| R

[ L40dAVISDIMAAND]
[ 40d4WLSOMANSI
B on

| )

o

[ IAHENYAAILL

[ e ANV

T AN OSIL

T +++1dH

[ 4eLdH

Luasd

(e

EL

torerddd

b teddd

B v

700 —

=
=1 3
o

(gvOl) eay yead

200 +

100

Peptide

ads

OTALRID

TALAMD

oML

ov0

d43

EER]

d3s

WIA

140d AVLSOdMAAD

40d¥LSOdMANDI

ain

3d9

497

FAHUNYAONIL

T AN YAOL

T+ AN OMIL

= L dH

+4L4H

1A

A

e

T rddd

RRCEE]

vl

eary yead 6o

Peptide

177
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Conclusions

o Skyline is an integral component of our protein analysis

workflow

® [t provides the ﬂexibility and capability to support both

qualitative and quantitative experiments

° Skyline facilitates the use of SRM methods for protein

characterization

o Establishing SRM detection methods for protein digests
manually required several days to weeks. The same work can

be done in less than a day using Skyline.




