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Why is There a Growth in Biotherapeutics?

OH L-Tryptophan

oo |buprofen

Typical Insulin

MW ~ 6000 Da

51 amino acids
e.g. Lantus

pharmaceutical
MW ~ 200 Da
e.g. Ibuprofen

Erythropoietin (EPO)
MW ~ 18000 Da

165 amino acids
e.g. Eprex

MW ~ 145000 Da

> 1300 amino acids
e.g. Humira
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Complexity and Heterogeneity of Biological Drug Substances

Substantial increase of structural complexity with size

Light chain Pyroglutamate formation
Biotechnological production (Cell culture, fermentation) Heavy chain from Glu and GIn
Often functional requirement for post-translational modifications §I
Structural complexity provides a high degree of freedom for
modification and variation (micro-heterogeneity) O‘
- Inert to the production in a biological system Ab
mAbs
- Related to processing, storage, sample handling ... MW ~ 145000 Da
S-S . .
> Risk to impact safety and efficacy for the patient > 1300 amino acids N Asn-Deamidation
e.g. Humira Isomerization (Asp)
o — N-glycosylation
> NH Of  L-Tryptophan Methionine — Glycovariants ig
N oxidation
H CHs (\;',T'g‘ —)% ig W
we lbuprofen (> f Disulfide-bridge
e formation
Typical Insulin Erythropoietin (EPO) : : — scrambling,
pharmaceutical MW ~ 6000 Da MW ~ 18000 Da Lysine truncation free Cysteine
MW ~ 200 Da 51 amino acids 165 amino acids _ _ .
e.g. Ibuprofen e.g. Lantus e.g. Eprex %i Insertion, deletion or mutation in
amino acid sequence




Peptide Mapping Workflow in Biotherapeutic Characterization
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Peptide Mapping Workflow in Biotherapeutic Characterization

84%

<%
@@ SR ALV IES

Amino acid sequence
Type and site of modifications

« Abundance
Protein Peptides
@ Principal workflow shared with:
- — Targeted biomarker quantification
@ D — Bottom-up Proteomics
Sample preparation Separation (LC, MS) Data processing & evaluation

and proteolytic digestion  and detection (MS; MS?)




Sample Preparation Challenges for Bottom-up Analysis of Proteins

Input quality

- Effort and time consuming

* Labour intensive, multi-step sample preparation,
with little standardization

* Handling of toxic and alkylating reagents
* QOvernight digestion causes delay of results

Variability in digestion

Different protocols and operators produce different results

Lack of reproducibility — Leading to a lack of data confidence

Not readily amenable to high throughput workflows

Difficult to automate

Output quality /Quantity

Make up reagents: 8M Urea,
DTT, lodoacetamide, Trypsin

Perform protein quantification
Denaturation in 8M Urea

Reduction of disulfide bridges;
30-60 min

Alkylation of cysteines; 30 min

Quenching of excess
lodoacetamide; 15 min

Dilute to 1 M Urea

Add Trypsin to vial and
digest overnight

Spin to remove particulates

Extract peptides with SPE



Accelerating Digestion for Peptide Mapping and Targeted MS Analysis

) QOO

Denaturation

Chaotropes,
Reduction, alkylation

Reagent-free denaturation<:|
—> No additional steps

—> No chaotropes

—> No reduction and alkylation

— No handling of alkylating
substances

Typically
over night

o

Proteolytic digestion

Enzyme source and mod.
temperature, buffer, pH ...

Options for acceleration
* Enzyme immobilization |:> Independent of E:S ratio

Heat

* Microwave
Ultrasound

* Infrared (IR)
» Solvents and
surfactants

—
—=

>

e

Peptide prer

Online de-salting
SPE

Reduced enzyme autolysis

Easy enzyme
removal after digestion

Allows to use enzyme
in excess to substrate

Add Trypsin to vial and
digest overnight

Spin to remove particulates

Extract peptides with SPE



SMART Digest Kits: Easy, Reproducible Protein Digestion Within Minutes

* Thermo Scientific™ SMART Digest™ kit are heat-stable immobilized
enzyme digestion Kits:
* Proteins are heat-denatured for digestion
 Additional denaturing agents or reduction and alkylation is not required

 High-throughput and automation-compatible formats:

* 96 x PCR tubes pre-packed with resin ) |
. Bulk resin format Immobilized, heat-stable trypsin —l \ (/
1%

(inactive at room temperature)
* Magnetic bulk resin format

Biotherapeutic
or

o———— Biomarker

 Additional post digestion clean up options:

* 96 well filter plate
* Thermo Scientific™ SOLAu™ SPE plate




SMART Digest Kits: Easy, Reproducible Protein Digestion Within Minutes

« SMART Digest kits are a heat-stable immobilized enzyme digestion Kkit:
* Proteins are heat-denatured for digestion

* Additional denaturing agents are not required

Enzyme options: N _
_ Immobilized, heat-stable trypsin /
*  Trypsin _l

(inactive at room temperature)
* Soluble Trypsin — complex samples

Biotherapeutic
or

——— Biomarker

*  Chymotrypsin
*  Proteinase K

Resin options:

* Pre-packed into SMART Digest tubes (non magnetic)

* Magnetic bulk
* Non-magnetic bulk

Post digestion clean up options:
* Thermo Scientific™ SOLAp with collection plate

*  Filtration )_aﬁ) —

All kits are supplied with digestion buffer

o ThermoFisher
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SMART Digest: Easy to Use

Thermo Scientific™ Thermo Scientific™
Vanquish™ Flex
UHPLC

SMART Digest™

~

Thermo Scientific™
Acclaim™ 120 C18
column

Thermo Scientific™

|
=0

Q Exactive™ Plus
HRAM-MS

(3)

= Digestion

Sample preparation: Easy to use

Thermo Scientific™
BioPharma Finder™
informatics platform

Cleanup

5

Analyze

+ 150 pL

vvvvvvvvvvvvvvv o

L A0 42 G2 WD 120 WO D WO 00 11D 242 =0 IR0 N2 N

10

Trwmcg

Add 150 puL of SMART Digest Add 50 uL of sample to the Set your heater/shaker to Remove the SMART Digest Analyze sample.
butier to the SMART Digest SMART Digest tube (final 70 °C/1400 RPM, allow to tube from the heater/shaker
tube. volume of 200 L per sample). equilibrate for 5 minutes. and perform one of the sample

Then add your samples for the cleanup methods based on

required time for digestion. the complexity of your starting

matrix.
ThermoFisher
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SMART Digest: Accelerated Protein Digestion

Thermal denaturation of IgG

-0.2

Native IgG digest profile
monitoring VVSVLTVLHQDWLNGK

250000
s =
5 o 200000
g . < ] ] u
3" X -
< ©
3 o . o
Q£ Q. 150000 *50°C
)]
2 ] A 60°C
8_ 100000 ®70°C
o
2 A 4 A
L Sl 50000 A
/ R
Temperature (in °C) A
Denaturation 0 ‘ T ‘ T ‘ ’ ‘ T ‘ 1
7 % 0 20 40 60 80 100
/:"'”k. < DSC th fIgG (6 mg/ml; lgG2b
4’:5'\ N \ ermogram of IgG (6 mg/ml; mouse Ig )
S =35 \/ in a 10 mM phosphate buffer pH 8.1; 0.5°C/min [*] Digest Time (Minutes)
Y QO )
Normal protein Denatured protein * Vermeer & Norde (2000), Biophysical Journal 78: 394 — 404
ThermoFisher
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SMART Digest: Identification of Oxidation and Deamidation

A Oxidation, n=12
B Deamidation, n=7
35
10
N319+Deamidation
30 9
W106+0xidation
8
25 /; .
g f/ = ,"'
- / > B /
% 20 / § /
= .‘/ g /
= / = 5 f
< / = /
@ 15 / © /
k= / = 4
CQEJ I‘,l" g
0 / 3 .
1 f o N388-+Deamidation
/ ~
/’ 9 N136+Deamidation
5 \
M256+0xidation 1 N290-+ Deamidation
. M21+0xidation 0 N33+Deamidation
SMART SMART SMART SMART In- In- SMART SMART SMART SMART In- In-
Digest, Digest, Digest, Digest, Solution,  Solution, Digest, Digest, Digest, Digest, Solution,  Solution,
15 min 30 min 45 min 75 min Urea Heat 15 min 30 min 45 min 75 min Urea Heat
n=3 n=3 n=3 n=1 n=1 n=1 n=3 n=3 n=3 n=1 n=1 n=1
ThermoFisher
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SMART Digest: Accelerated Protein Digestion

Trypsin digests within minutes

Carbonic anhydrase, 29 kDa

Recommended digestion starting conditions for known proteins* Digest time
Protein Digest Time (min)
Insulin 4
BSA <5
Carbonic anhydrase <bh — 0min
Lysozyme <b T o | n (‘\
Apo-B 30 ;MAUMM’\_J\@_JK;_AU\M@Q\L — 5 min
IgG 45 ] :
IgG in 50 pL plasma 75 ] — 10 min
Ribonuclease A 150 3 20 min
Thyroglobulin 240 :MMUWM
N o~ ] H

C-reactive protein 240 ] — 30 min

. . ] — 60 min
* 200 pL protein solution (100 ug/mL); 1
IgG in plasma: 17.5 ug/mL . , , , , , —— | | ; ; N

15.0 175 20.0 225 25.0 275 30.0 32.5 35.0 37.5 40.0 42.5min
Temperature: 70°C
ThermoFisher

13

SCIENTIFIC



SMART Digest: Accelerated Protein Digestion

Trypsin digests within minutes

Recommended digestion starting conditions for known proteins*

Protein Digest Time (min)
Insulin 4
BSA <5
Carbonic anhydrase <bh
Lysozyme <bh
Apo-B 30
IgG 45
lgG in 50 pL plasma 75
Ribonuclease A 150
Thyroglobulin 240
C-reactive protein 240

* 200 pL protein solution (100 ug/mL);
IgG in plasma: 17.5 ug/mL

Temperature: 70°C

Ribonuclease A, 137 KDa

) Digest time
] — O min

| I T N S PO s N R S — 60 min

T — 90 min

] —190 min
;MM —270 min

B B e B ey B s e a m m L e B B e A R
15.0 17.5 20.0 225 25.0 27.5 30.0 32.5 35.0 37.5 40.0 42.5min

° “Highly stable toward unfolding” Protein Eng. (2001) 14 (10): 791-796.
i “Am aZIngly Stable 7 David Goodsell Protein Data Bank

14
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SMART Digest: Reproducible Digestion User to User

||
=0

Thermo Scientific™
Q Exactive™ Plus
HRAM-MS

Thermo Scientific™
BioPharma Finder™
informatics platform

Thermo Scientific™ Thermo Scientific™
Vanquish™ Flex UHPLC Acclaim™ 120 C18
column

Thermo Scientific™
SMART Digest™

Sample preparation:
High reproducibility digestion
user to user

280+
mAU

250 Seven independent digests of
Rituximab, conducted by

200 individual operators

150 Digest time: 45 min (70°C)
LC-MS run time: 40 min

b Sequence coverage: 100%

50 average %RSD (A.) <3%

AU
-52:.'7 4.0 6.0 8.0 10.0 12.0 14.0 16.0 ml:f.o
.5 ThermoFisher



SMART Digest: Reproducible chromatography and digestion results

| UHPLC:
E . High chromatographic reproducibility

Thermo Scientific™  Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™
SMART Digest™  Vanquish™ Flex UHPLC Acclaim™ 120 C18 Q Exactive™ Plus BioPharma Finder™
column HRAM-MS informatics platform
180 - . . - N (‘FQ T o L
my  Overlay of 18 Retention time repeatability ook 1 [y 28D OR) s s
replica-injecte f ' i 3 3315  0.082 NH 88040 4
ri n v | : : 't -
chromatograms or 13 C_O secutive peptide 9 5231  0.065
separahons 14 6.532  0.017
_ _ 15 6.937  0.023
- Vanquish Horizon UHPLC 19 10.290  0.021

- Acclaim 120 C18 (2.2 um, 2.1x250 mm) 251” 128113 ggg

39 15.177  0.012
42 15.589  0.010
51 17.511 0.007

| 55 ~ 17.969  0.011
; 61 18546  0.010
83 20798  0.010
; 85  21.095 0.012
m_ Mh wb@ 87 22386  0.009

y L 9% 24774 0.012

“min 103 26.155  0.009 Vanquish Horizon

T ] ] ] ] ] ] ] ] ] ] ] ] ] ] 1 106 26.155 0-009 V . h Fl
2540 60 80 100 120 140 160 180 200 220 240 260 280 300 31 109  27.529  0.010 anquis ex

16 ThermoFisher
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SMART Digest: Confidence in Digestion Results with HRAM

High Resolution Accurate Mass -
Providing confidence in results

|
=0

Thermo Scientific™
SMART Digest™

Thermo Scientific™
Vanquish™ Flex UHPLC Acclaim™ 120 C18

Thermo Scientific™

column

Wrong Answer for Both Peptides

\EP = 15,000

Thermo Scientific™
Q Exactive™ Plus
HRAM-MS

Thermo Scientific™
BioPharma Finder™
informatics platform

Right Answer for Both Peptides

RP = 56,700
>
1001 516.77581 (observed) 100] 516.76671 —— 516.78490
80 1 80
£ 601 £ 60
2 516.76671 516.78490 c
2 2
£ (correct) (correct) =
40 1 401
20 1 201
0 T T T T T T 0 T T J \I T T
51665 51670 516.75 51680 516.85 516.90 516,65 51670 51675 516.80 516.85 516.90
Mass [amu] Mass [amu]
Peptide mixture: [Val®]-Angiotensin Il Lys-des-Arg®-Bradykinin
Sequence: DRVYVHPF KRPPGFSPF
Formula: C49H69N13012 C50H73N13011
Exact mass: [M+2H]?* = 516.76671 [M+2H]?* = 516.78490
Dm (mmu): 18.2 mmu

Joshua J. Coon, et al

. ASMS 2012 oral, MOB pm
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SMART Digest: 100% Sequence Coverage

24452

® Inflixumab 14049 s0337 ‘ . nghfcha'n (1)

n (2)
25567 Heavy Chai (
2125-136
| z70-74 /
2305-320
2.90-100/162-107

1-19-24/1:62-107

2 137-150/2:151-213
2151-183

25562
1:150-169) 1:1-11
10
RT (min)

Haavy Chain Sequence Coverage 1Q0% nght Chain NCt
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SMART Digest: Easy Automation of Digestion

Magnetic Particle

BINDIT SOFTWARE 3.3.1
Iron Core ——

Capsulation

Functionalized Coating

KingFisher purification systems:

« Only the magnetic beads are transferred Bead

transfer

« High-speed purification

+ Contaminants are left behind , —

- High-quality, concentrated samples Complementary ""

- Operator-independent R

» Utmost reproducibility Incubation  Gollection Mixing Elution

(wash)

19 SCIENTIFIC



SMART Digest: Automated Digest

Infliximab Heavy Chain Sequence Coverage: 100%
EVKLEESGGGLVQPGGSMKLS CVASGFIFS NHWMNWVRQSPERGLEWVAE
[ 94 Il 146 I )

[ i ] I — o ] [—r—

DN HEHO NS Q000 S EOME VT TTESET N RN R D KN B0 RN
I RSKSINSATHYAESVKGRFTISRDDSKSAVYLQMTDLRTEDTGVYYCSR
19 [ 53 I 51 I 181 ]
129 57 I[ 50 IL 9 N 146 |
301 102103 104 168 106 107108 109 10 141 312 113 104 15 16 17 108 819 3136 135 136 120 136 13 50 10 132 133 134 136 16 137 30 139 140 11 142 143 144 145 146 147 148 149 150
NY\'GSTVDY\\'GQGTTLT\‘SSASTKGPS\'FPLA!’SSKSTSGGT.—\ALGCL\’K
ns I s I 171 |
130 I 16 ] [ ]
191167 143 160 166 166 16 196149 160 61 162 165 164 165 166 167 18 165 90 171 73 15 15 176 176 197 478 19 190 147 102 63 10 165106 187 168 169 190 19 152 193 194 199 18 197 158 199 300
D\'FPEP\ TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
[ 171
[ 181 I [}

200 302 363 306 306 306 207 208 X9 210 21

249 230 230 233 235 230 236 236 237 230 239 250 231 392 293 234 2 19 27 350 230 200 41 343 243 204 245 206 247 208 209 3%

Y ICN .HKPS.Tl\\Dl\k\EPkSCDkTHTCPPCPAPELLGGPS\FLFPPKP
[ | I 181 I 155
18 ] Bl 165
3 363 364 344 64 347 390 390 360 361 3636 0 36 6 36 20 30 1 7 276 37 27 1% 200 21 26220 20 25 204 207 60 00 350 91 392 39 354 395 394 97 398 39 00
KDTL\AISRTPE\ TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
13 105 IC 2 )26 ])[s0" ) SR
F —— s ]
[ I 12 ]

300 363 163 304 365 106 397 108 369 310 311 312 313 314 315 D6 317 38 05 330 1 S 336 327 130 339 135 301 302 300 334 305 336 307 308 10 340 41 342 41 344 345 346 347 348 349 350
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ

B 137 ]| 75 || 56
T
[
[

M I [E—— [us
1S H____J E::::]
153 14 ][100]

H

3 354355 35635739539 360 36 56236 36 35 368 36 68 369 70 7L 3275 7 3T 350 41 3 365 304 305 306 07 308 39 390 391 392 93 64 395 394 397 390 00 400
VYTLPPSRDELTK KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
6] 61 I 12 I 159
s 151
::::::::::]IIIII IIIIIIIIIIIIIIIIIE:EZ::
| I—r T— e —
AT 462 403 04 405 435407 08 09 410 41 412 413 14 45 416 41T 418 419 30 2 422 433 444236 427 26 35 40 3 433 33 54 435 43 437 38 70 40 41 442 403 AN 45 4 447 445 4p 450

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

159 I 30 I 2 I i 1
[m ] 105 95
[ TS S T ] w0 ]| i ]
 wo [ ] 73

Infliximab Light Chain Sequence Coverage: 100%

D et et P D NH NN DN NN NE NI AP RN NN NN NN R AL M
DILLTQSPAILSVSPGERYVSFSCRASQFVGSS [HWYQQRINGS PRLLIKY
[ 19 1l 150 — s
164 I 1] I 160 | I
[ | st s 102 ] [ —r—cry
DR M 8 B R A0 @ e e O @ 0T T B R N B W E MR R W00 1 6 N H 9T B
ASESMSGIPSRFSGSGSGTDFTLSINTVESEDIADYYCQQSHSWPFTFGS
108 97
[ &1 I 152
74 | 158

167 102 193 104 105 106 107 108 109 110 11 12

118 135 116 117 118 19 130 12 122 125 124 135 13¢

97 I 151 I 97
152 Il 154 Il [} ] [_s2
158 I 140 ] 62 48 e

m 146 196 167 158 146 160 161 163 163 164 165 166 167 168 165 190 171 173 173 15 176 156 177 138 139 160 161 162 185 104 165 186 167 68 105 190 191 192 193 194 195 196 197 198 199 300

DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG

91 Il 95 I 1
52 I 118 I 118
114 I [T | [ 151

308202 209 304 205 306 297 206 309 210 01 22 213 3

LSSPVTKSFNRGEC * indicates peptide not unique

S W S

—us J v ] Color code for sgnalntensity

PR T R Bi0esamg>+ 3e-007]psoe-aua s se-005 el

85
{ mAU

60+

40

20+

-80 .
90 min

2.00 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50

Mirror plot for two automated replica digests of Infliximab conducted on the
KingFisher Duo system (Digest time: 45 min; Digest temperature: 70°C)
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ThermoFisher
SCIENTIFIC



SMART Digest: Sequence Coverage Map from Infliximab

A)

B)

45 -] 1:46-49 2:44-52
3 2:330-337
3 2:55-67
40 3 H i
g © Light Chain (1)
353 Heavy Chain (2)
3 2:70-74 2:125-136
304
3 3:100-107 12538
3 2:413-417 100~ .
£ 25 3 : 2:278-291 2:3G5520
= - -
g 3 1:25589 2:90-100/1:62-107
° 3 [/
= 20
-} 3 2:348-352
o 3
153
3 1:146-149
103 3:46-49 (1:19-24/1:62-107
E 1:208-211
E 2.350.363 2:55-62
3 :35¢ 2:137-150/2:151-213
54 1:150-169 2:374-395
3 ~ 2:151-183
3 1:1-11
o ; A e e
1 10 12 16 17 18 19 20
RT (min)
. . . ) o
Heavy Chain Sequence Coverage: 100% Light Chain Sequence Coverage: 100%
P R . e gy~ gy gyl S 25 % 5 ¢ T S e WE T E N NI e e e N 0 N e e
VEKLEESGGGLVQPGGSMKLSCVASGFIFSNHWMNWVRQSPEKGLEWVAE DILLTQSPAILSVSPGERVSFSCRASQFVGSSIHWYQQRTNGSPRLLIKY
146 119 150
[ S——— ST W | -7 S|  —— Cr—
e,
I RSKSINSATHYAESVKGRFTISRDDSKSAVYLQMTDLRTEDTGVYYCSR 1S3 S 4 S5 56 5T SE 3 0 61 63 60 64 45 46 €7 6 6 70 7L 72 TV e TF TE T W W MW M B W M B B N I8 5 60 S 92 9 4 55 4 9T 98 99 10
119 53 I 37 181 ] ASESMSGIPSRFSG GSGTDFTLSINTVESEDIADYYCQQSHSWPFTFGS
=i X = e T — ] s ) e e
131030 127 15201 13 51 e 2 e e e e 10w i e e ..
NYYGSTYDYWGQGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
(5K ] 300 102 103 104 163 306 337 308 100 130 133 133 333 334 BIS 116 117 138 339 130 B30 33 133 13¢ 139 136 137 138 139 130 133 133 133 134 133 136 137 138 139 1ed 1al leo 2
130 16 [TE) GTNLEVKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNF Y P
A51 RS2 15D 154 155 056 15T 156 159 260 161 163 163 364 15 166 167 268 169 170 170 172 475 174 175 176 177 178 179 180 581 143 183 184 385 186 157 185 309 190 191 192 195 194 195 19¢ 397 198 199 200 (3]
DYFPEP\’T\‘SV\'NSGALTSG\HTFPA LQSSGLYSLSSVVTVPSSSLGTQT [EF] b
[ 171
L (LX) I ns 51152 13 156 195 156 157 158 199 160 161 163 163 164 165 166 16T 168 169 179 171 172 173 1 176 177 178 599 580 161 A3 163 184 183 186 387 LSS 149 190 190
2o 202300 300 50 30 307 308 300 30 31 303 513 354 357 216 517 358 319 230 53 553 50 22 22 230 57 50 220 220 201 373 0 200 293 390 7 29 290 348 1 2 20s e sz e  DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYA
YICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP '_7 I 2
5} e} I EX] 52 I 1138 I 18
1ns 14 I 163 1n4 | | 18 J 1 151
251 253 353 254 255 266 297 258 299 260 61 262 263 264 265 366 267 268 200 200 271 "3 274 275 206 277 278 209 280 361 363 363 384 385 306 387 288 209 290 190 292 205 204 294 206 297 298 299 300 363 363 303 304 305 306 207 308 300 330 311 12 313 26
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN LSSPVTKSFNRGE
; o3 [ [ — Y — T T— Color code for signal intensity

51 3532 363 364 365 306 307 308 366 356 11 313 313 354 JE5 316 317 18 336 339 331 333 333 33 325 336 337 334 339 330 331 303 233 336 305 33 337 338 339 340 Ja1 Ja3 343 Jes 3us Dag 3a7 Jak 3ep 350

STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOQ
13.7 I 79 36
e | -
e Xy
CC w0 v s o — -
313 353 393 350 393 330 127 33 390 40 363 63 36D 304 30 308 34 360 348 35 7L 3T 7D 34 T35 37 37T 7R 79 340 33 03 36 304 63 304 07 308 348 29 201 3 293 64 203 304 29 200 99 430

v YTLPPSRDELTK‘\Q\ SLTCLVKGFYPSDIAV Ew\EsVGQPE\\'YK‘rTPP\'
55

|—l—
a0t an2 aas w0u 403 406 o 425 436 437 430 430 430 431 413 433 436 A5 A6 43T 4D 4D 4D 4a] 4a3 44 4sk 445 4f 447 dah 4P 250

LDsnosrFLstLTVstkaQGNVFscsvaEALHNHYTQKsLSLspcx
159 X

149
51

— _|>43e*°°SII>6woo4ll>uemo3I_
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SMART Digest: Increased Sensitivity for Targeted MS Analysis

Confident detection of biomarkers with high sensitivity within a wide dynamic range

Case study: Thyroglobulin in plasma

4500

35000 - LGDQEFIK -475.4 AA
4000 A
30000 1 350000 -
25000 - “in solution y =76.26x + 751.17 3500 A
© = SMART Digest 300000 - R =0.99767
'<- 20000 - © 3000
- , 250000 2 oo
$ 15000 ] £ _ < A *475.4
© o ©604.5
8 150000 - o *
5000 - o 1500 *
< . AG36.5
0 100000 - 1000 o ®
475.4 604.5 636.5 50000 - 500 [oX©)
(ONNG)
Precursor lon (m/z) o
0 T T r r ) 0 - T T ,
Measurement of serum Thyroglobulin after 0 1000 2000 3000 4000 5000 0 100 200 300
tryptic digestion of serum samples Concentration in plasma (ug/mL) Digestion Time (minutes)
SMART Digest: 25% plasma, 3.5 h digestion
in-solution digest: 20% plasma, R/A, 4 + 16 h digestion Calibration curve for thyroglobulin signature peptide Digestion time curve (70°C)
Clarke et al. (2012), J. Investigative Medicine, 60(8) in murine plasma (4 — 4000 pg/mL)
ThermoFisher
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SMART Digest: Product Information

Enzyme options

* Trypsin

* Soluble Trypsin — complex samples
* Chymotrypsin
* Proteinase K

Resin options

° Pre-packed into SMART Digest tubes (non magnetic)
° Magnetic bulk
e Non-magnetic bulk

Post digestion clean up option
° Thermo Scientific™ SOLAu with collection plate
° Filtration

All kits are supplied with digestion buffer

23

Ordering Information
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SMART Digest Kits
60109-101 SMART Digest Kit Trypsin and collection plate
60100-101-B SMART Digest Kit Trypsin, bulk resin option

60109-101-MB  SMART Digest Kit Trypsin, magnetic bulk resin option

60109-102 SMART Digest Kit Trypsin, filter/collection plate

60100-102-B SMART Digest Kit Trypsin, bulk resin option with filter/collection plate

60109-102-MB  SMART Digest Kit Trypsin, magnetic bulk resin option with filter/collection plate
60109-103 SMART Digest Kit Trypsin, SOLA/collection plate

60100-103-B SMART Digest Kit Trypsin, bulk resin option with SOLAp/collection plate

60109-103-MB  SMART Digest Kit Trypsin, magnetic bulk resin option with SOLAL/collection plate

60113-101 Smart Digest Kit Soluble Trypsin and collection plate

60100-104 SMART Digest Kit Chymotrypsin and collection plate
60100-104-B SMART Digest Kit Chymotrypsin, bulk resin option

60109-104-MB  SMART Digest Kit Chymotrypsin, magnetic bulk resin option

60109-105 SMART Digest Kit Chymotrypsin, filter/collection plate

60109-105-B SMART Digest Kit Chymotrypsin, bulk resin option with filter/collection plate

60109-105-MB  SMART Digest Kit Chymotrypsin, magnetic bulk resin option with filter/collection plate

60109-106 SMART Digest Kit Chymotrypsin, SOLA/collection plate

60109-106-B SMART Digest Kit Chymotrypsin, bulk resin option with SOLAL/collection plate

60109-106-MB  SMART Digest Kit Chymotrypsin, magnetic bulk resin option with SOLAp/collection plate

60100-107 SMART Digest Kit Proteinase K and collection plate
60100-107-B SMART Digest Kit Proteinase K, bulk resin option

60109-107-MB  SMART Digest Kit Proteinase K, magnetic bulk resin option

60109-108 SMART Digest Kit Proteinase K, filter/collection plate

60100-108-B SMART Digest Kit Proteinase K, bulk resin option with filter/collection plate

60109-108-MB  SMART Digest Kit Proteinase K, magnetic bulk resin option with filter/collection plate

60109-109 SMART Digest Kit Proteinase K, SOLAp/collection plate

60100-109-B SMART Digest Kit Proteinase K, bulk resin option with SOLA/collection plate

60109-109-MB  SMART Digest Kit Proteinase K, magnetic bulk resin option with SOLAp/collection plate
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SMART Digest IA: Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest IA Streptavidin
SMART-Digest IA Protein A

SMART-Digest IA Protein G

Biomarker quantitation is a challenging task: 0 27
:: \ﬁ(, S i
) ] Biotherapeutic

,,,,,,

* Many biomarker proteins are present at low levels

. Samples are typical body fluid matrices and matrix . .. o Q ﬁ biomarker
interferences are common. Streptavidin (’
.‘ \\\:\/\/ \
A Biotinylated
Immunoaffinity capture is an established and w / capture antibody
effective protein concentration technique ... Q—‘\<_ anti-biomarker Ab

=% cleaner sample
=> increased sensitivity

... but it adds a labor intensive step to the protocol immobilized

Protein Aor G
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SMART Digest IA: Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A
SMART-Digest Protein G

SMART Digest Inmunoaffinity kits: ;Ty“ggﬁ:'{ffjgt?jjt;ft;?;'e\ LR ,_0_-2\
- Combine affinity capture and digestion protocols oS N> E’:Otherapeutic

into a single process

immobilized biomarker

* Enables: Streptavidin

» Faster sample processing 3-4 hrs HTMH“ Biotinylated

- High throughput w / capture antibody

. Greater RO Q“\h Anti-biomaker Ab
« Compatible with automation systems (Kingfisher)

due to magnetic bead design
 Greater applicability to high throughput

establishments immobilized

Protein Aor G
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SMART Digest IA: Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A
SMART-Digest Protein G

Expose biotinylated  1-2 h, room temperature

SMART digest immunoaffinity kits: _ _ antibody to biological _
Conventional protein sample SMART Digest IA
- Combine affinity capture & digestion protocols into @  enrichment and digestion ¢ \) (;\ Streptavidin
. — 7N
single process g v M #*
oeP Incubate \\Aﬁth affinity | b\{ ith
) _ ncubate wi
* Enables: caprt]ure(;esllnt; i",." \\r,* e \\r,* S — -
- Faster sample processing 3-4 hrs e T eHe s 3" SMART Digest resin
 High throughput ST (. L J\,
e G ter ROI tryptic digest SMART digest
reater reduction with TECP: (70°C, 1 h)
° 1 i i ; : 30-60 min; 60°C
Compatlbl_e with autor_nahon systems (Kingfisher) due kylation with 1AA: |
to magnetic bead design 30 min; RT, dark * v
i . . quenching with ACC: 15 Total time:
« Greater applicability to high throughput min; RT ¥ 3.4 h
. digestion: .
establishments 12460370 Sl
|
Total time: 15-24 h
o7 ThermoFisher



SMART Digest IA: Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A

SMART-Digest Protein G

Test case:

Soluble plasma protein biomarker
Spike-in SIL peptide

Assay acceptance criteria:
+ 20% of nominal for accuracy at all levels

Assay range: 20 - 1000 ng/mL (Peptide A)

SMART Digest IA

- Streptavidin

Streptavidin agarose

Calibration for Proprietary Biomarker: y = 1.45471e-4 x + 0.02017 (r = 0.99745) (weighting: 1/x)
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o 1000
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Concentration Ratio

Calibration for Proprietary Biomarker: y = 1.62456e-4 x + 7.87711e-4 (r = 0.99825) (weighting: 1/x)
0.8+

Area Ratio

0.7

064

054

04

0.34

0.2 4

0.1 4

0.0

0 1000 2000 3000 4000

Concentration Ratio

100 - 2000 ng/mL (Peptide B) Standard curve Quality controls Standard curve Quality controls
(n=1) (n=4) (n=1) (n=4)
Actual Calc | Actual Actual Calc Actual
Method recovery Conc Accuracy Value | Conc ~ CV  Accuracy Conc Accuracy Value | Conc CV  Accuracy
(ng/mL) (%) (ng/mL)| (ng/mL) (%) (%) (ng/mL) (%)  (ng/mL) | (ng/mL) (%) (%)
SMART Streptavidin
Digest IA agarose 125 93 116.5 125 104.7 131
250 107 266.3 250 11.5 90.2 250 90.0 225 250 14.5 111.2
500 ng/mL spike: 7330 (cps) 2778 (cps) 500 106 5311 500  108.8 544
1250 100 1247 1250 7.4 99.1 1250 91.9 1149 1250 4.1 104.8
2500 90 2251 2500 106.2 2654
% Recovery: 64% 35%
5000 104 5212 15_20 %RSD 5000 98.5 4922 20_25 %RSD
ThermoFisher
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SMART Digest IA: Immuno Affinity Capture and Digestion in One

Combination of heat-stabile, immobilized trypsin with affinity capture: SMART-Digest Streptavidin
SMART-Digest Protein A

SMART-Digest Protein G

SMART Digest IA - Streptavidin Streptavidin agarose SMART Digest
Test case: ‘ . - ffinity kit
6.4e’@ 2.4e immunoaffinity kits
6.0¢; 2204
soluble plasma protein biomarker SlLstd. ol SIL std.

k . SIL d 5.0e4 250 ng 1.8e4 ] 250 ng Improved
spike-in SIL peptide , . method
assay acceptance criteria: § s § il recovery
+ 20% of nominal for accuracy at all levels =~ ] 020t

1.0e4 04 e4 400001 ’ Pk
assay range: 20 - 1000 ng/mL (peptide A ) A Simitar
y g g (p p ) 00 4‘_';“:1.'2 47 46 48 50 52 gr%f ?SV:S 60 62 64 66 68 O 45 4% 2 45 50 52 54 56 58 60 62 64 66 63 quantltatlve
. Time, min Time, min = .
100 - 2000 ng/mL (peptide B) o o | precision and
6.4e4/ 2.4e accuracy
Method recovery 2004
5.0ed 1250 ng SIL Std 1 8ed 1250 ng SIL Std
SMART  Streptavidin , 40t I up to 7 times
Digest IA agarose % ot % :ze: faster
500 ng/mL spike: 7330 (cps) 2778 (cps) L 1.4 e4 £ 0o L-oed
6000.0
% Recovery: 64% 35% 1'034' A“N\/ 22332,
0.0 4]]“‘ 4.5 44 4.‘6 438 5.0.5.2 L5.4 56 5.8A 6.(? 62 64 66 638 0.0 -4.0 42 44 46 48 50 52 54 56 58 60 62 64 66 638
Time, min Time, min
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SMART Digest ImmunoAffinity (IA) Kits: Product Information

Affinity capture options:

* Streptavidin

Ordering Information

SMART Digest |A Kit, Streptavidin (Av) non-magnetic

SMART Digest |A Kit, Av non-magnetic with Thermo Scilentific™ SOLAL™ SPE and collection plate

SMART Digest |A Kit, Av magnetic with SOLAp SPE and collection plate

SMART Digest |A Kit, Av magnetic

SMART Digest |A Kit, Protein A non-magnetic

SMART Digest |A Kit, Protein A non-magnetic with SOLAp SPE and collection plate

SMART Digest |A Kit, Protein A magnetic with SOLApL SPE and collection plate

SMART Digest |A Kit, Protein A magnetic

SMART Digest |A Kit, Protein G non-magnetic

SMART Digest |A Kit, Protein G non-magnetic with SOLAY SPE and collection plate

SMART Digest |A Kit, Protein G magnetic with SOLAp SPE and collection plate

* Protein A
* Protein G Sl

60110-101
Resin options (Trypsin): 60110-102
. 60110-103

* Magnetic
: i 60110-104
* Non-magnetic E—
60111-101
Post digestion clean-up options: 60111-102
*  SOLAu with collection plate 60111-103
*  Without 60111-104
Protein G
60112-101
All kits are supplied with wash and digestion buffers T
60112-103
60112-104

SMART Digest |A Kit, Protein G magnetic
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Summary

Easy to use

Highly reproducible
SMART Digest and SMART Digest

IA enable workflows which are:

Easy to automate

Sensitive




Learn More

Learn more about
SMART Digest and SMART Digest |A

www.thermofisher.com/SMARTdigest




