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Major quantification workflows in biopharma

* Biologics bioanalysis
— Protein therapeutics
— Peptide therapeutics
- Gene therapy
* Process development/manufacturing monitoring

— Host cell proteins analysis

— Cell culture media analysis
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What are the key challenges for cyclic peptide quantification?

Analytical limitations Inadequate sensitivity Insufficient throughput Too much rigidity

» Large peptide structure of * |nsatiable appetite for * Need to simplify method + Many assays are fit-for-
cyclic peptides often results in sensitivity and linearity in development to speed purpose—especially compliant
challenges with proper quantitative assays results assays
ionization and fragmentation » Need for enhancing S/N vs. » Reduction of time required * Flexible enough to use in
background matrix to run samples and reduce development, but want to

data move into compliant

* Compatibility and X
environment

enhancement of a wide range
of flow rates
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Cyclic peptide structure

* Cyclic peptides are polypeptide chains in the form of a

cyclic ring structure
y g Examples of cyclic peptides:

- Cyclic structure is formed by chemical bonds, including amide,

lactone, ether, thioether, and disulfide SLRRSSCFGGRMD

S
- Linkage is formed between the amino and carboxyl ends of the T
peptides . G
: : YRFSNCGLGSQA
* Cyclic peptide structures could have up to hundreds of SPKMVQGSGGFGRKMD
amino acid residues s R
. ' |
* They are often categorized through the type of bond that : S
forms the ring HRRLVKCGLGSSS

- For example, homodetic cyclic peptides, cyclic depsipeptides and
isopeptides
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Cyclic peptide therapeutics

* Cyclic peptides have been identified as important therapeutic modalities
- This is related to their stability in blood and their potential for oral dosing

* Cyclic peptide therapeutics serve in a wide range of biological activities
- These include antifungal, anticancer, antibacterial, and antiviral

* Examples of cyclic peptides in drug therapy include:

- Immunosuppressants

Cyclosproine
Hormones (including hormone analogs)

Vasopressin, Oxytocin
Antibiotics

Vancomycin, Daptomycin
Bactericidals

Tyrocidine
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Case study 1: natriuretic
peptide family

© 2021 DH Tech. Dev. Pte. Ltd.



Natriuretic peptide (NP) family

* The natriuretic peptide (NP) family is a group of genetically distinct cyclic peptides with a
similar structure, containing an amino acid ring formed by a disulfide bond between 2
cysteine residues.

* Natriuretic peptides have emerged as important candidates for the development of
diagnostic tools and therapeutic agents in cardiovascular diseases.

SLRRSS(S)FGGRMD SPKMVQGSGCFGRKMD

R S R

| |

s G s S
YRFSNCGLGSQA HRRLVKCGLGSSS
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LC-MS analysis of cyclic peptides

* Nominal mass MS or high-resolution MS?

Nominal mass MS High-resolution MS

Industry standard for High selectivity

guantification

Superior sensitivity Easy method development
Superior robustness Flexible quantification workflow

Will CID-based fragmentation Will the instrument sensitivity
work for cyclic peptides? be sufficient to quantify trace-
level analytes?
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Workflow overview

MRM
develop-
ment

LET T

Data Data

preparation

acquisition processing

1. Calibration curve

1. SPE based Automated MRM sample analysis .
2. Immuno-affinity optimization o e generation
based featured flow LC with SCIEX 2. Evaluation of
7500 System accuracy and
precision

Sed [ Actus Conc.| Num.Vaes|  Mean | Standord Deviston | Percent CV | Accuraey
o S e m e
3297 o3 ee2  simoed s o
ded 303 4.809e1 14192 295 9619
2 serr saseel  2sser 20 sase
G 3ed sy e igesel 106 10217
é 2t } @ o eme o we
= | Nom.Vaoes| M _| Standrd Devition| PercentCV | Acurscy
CERNE T
Ted 3of3 971562 97893 1008 9715,
2oz
0e0 Sei ]
3.0 35 T .
EET LT

Time, min 1

J—
/SCIEX

9 © 2021 DH Tech. Dev. Pte. Ltd. The Power of Precision



LC conditions and MS parameters

Parameter Value
Column Phenomenex bioZen Peptide XB-C18 50x2.1
mm; 2.6 ym
Mobile Phase A Water with 0.1 % formic acid
Mobile Phase B Acetonitrife with 0.1 % formic acid
Flow Rate 500 pl/min
Column Temperature 40 °C
Injection Volume 10 ul Parameter Value Parameter Value
Curtain gas 40 psi Source temperature 750 °C
Time (min) Mobile Phase A (%) Mobile Phase B (%) lon source gas 1 75psi |lon source gas 2 70 psi
0 95 5 CAD gas 12 psi lon spray voltage 2000V
0.1 95 5
5 75 25 Name Q1 Q3 CE CXP
54 10 90 ANP human 617 5841 34 15
6.0 10 90 BNP human 693.8 756 39 15
6.1 95 5 ANP rat 673.3 580.9 36 15
7.0 95 5
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Enabling greater sensitivity for cyclic peptide quantification

* Greater sensitivity can be achieved through gains in the generation of
lons, capturing and transmitting ions, and detecting ions.

Hardware improvements at:
— lon source level

— Orifice level

— lon guide level

are key for overcoming the challenges on the peptide quantification
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Enabling greater sensitivity for cyclic peptide quantification

— Creating a stronger field strength in the ion
source that the droplets must traverse, leads
to more efficient breakup and release of ions
from the droplet, showing gains in
performance up to 2-fold versus previous ion
sources

* lon source: MI
r

< N\

B
/SCIEX/
¥
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Enabling greater sensitivity for cyclic peptide quantification

Orifice:

The sampling area of the orifice is 4.3x
larger than previous systems capturing
more ions

Probe

N
8

Spray —_

/N

Orifice " New orifice

° lon guide:

The ion guide captures and retains more of the ion
spray plume. The ion guide collects the plume and
concentrates the ions using radio frequency (RF)

while removing the gas molecules and neutral ions

“sciex
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Quantification summary

* Both peptides were solidly quantified at
0.05 ng/mL, 10x lower than the previously
published method

Blank LOD

LLOQ

blank LOD: 0.01 ng/mL LLOQ: 0.05 ng/mL
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Log Area Ratio

ation for ANP human MRM 1 CE 32:
@ Calibration for BNP human MRM 2 CE 35:y =..99317, r

.9888, r*

= 0.99776) (weighting: 1/ x)
= 0.98638) (weighting: 1 / x~2)
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Log Concentration Ratio

Component ...| Actual Conc...| Num. Values Mean Standard Deviation | Percent CV | Accuracy
ANP human... | 0.05 3of3 5.141e-2 1.764e-3 343 102.81
ANP human... | 0.10 3of3 9.565e-2 5.170e-3 5.40 95.65
ANP human... | 0.50 30f3 4.809e-1 1.419e-2 295 96.19
ANP human... | 1.00 3of3 9.456e-1 2.325e-2 246 94.56
ANP human... | 10.00 3of3 1.022¢1 1.085e-1 1.06 10217
ANP human... | 100.00 3of3 1.086e2 6.032e0 5.55 108.62
Component ...| Actual Conc...| Num. Values Mean Standard Deviation | Percent CV | Accuracy
BNP human... | 0.05 3of3 5.110e-2 2.203e-3 4.31 102.19
BNP human... | 0.10 30f3 9.715e-2 9.789%¢-3 10.08 97.15
BNP human... | 0.50 3of3 4.860e-1 4.916e-2 10.12 97.21
BNP human... | 1.00 30f3 9.017e-1 7.905e-3 0.88 90.17
BNP human... | 10.00 3of3 9.946e0 1.473e-1 148 99.46
BNP human... | 100.00 3of3 1.138e2 5.558¢0 4.88 113.83
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Sensitivity comparison

* The same sample set was analyzed on both the SCIEX Triple Quad™ 7500 LC-MS/MS
System — QTRAP® Ready and the SCIEX Triple Quad 6500+ LC-MS/MS System

* A >10-fold increase in peak area and a 5-fold improvement in S/N was observed

SCIEX Triple Quad 6500+ SCIEX Triple Quad 7500 SCIEX Triple Quad 6500+ SCIEX 7500 System
System LC-MS/MS System — System

QTRAP Ready

ANP 5e4 Sed BNP o0
4e4 4e4
£ 3e4 £ 3e4 £ 000 £ 4000
g 24 g 264 s g
- = £ 2000 £ 2000
Ted 3618 Ted 2.654
0e0 Lo 0e0 i 0 aa B 0
35 40 3.0 35 25 30
Time, min Time, min Time, min Time, min
At 0.1 ng/mL
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Case study 2: insulin
lispro

© 2021 DH Tech. Dev. Pte. Ltd.



Insulin analogs

* |nsulin analogs (insulin receptor ligands) are a modified
form of insulin

* |Insulin analogs are a form of cyclic peptides where both
A and B chains are bound together by disulfide bonds
* |Insulin analogs include:

— Determir, glargine, lispro, degludec

* Compared to human insulin, the structure of insulin
lispro has switched positions for lysine and proline on
the B chain

Example of ainsulin analog:

GlVEQEgTSléSLYQLENYgN

FVNQHLCGSHLVEALYLVCGERGFEYTKPT
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LC conditions and MS parameters

18

Parameter Value

Column Phegomenex bioZen Peptide XB-C18 50=2.1
mm; 2.6 pm

Mobile Phase A Water with 0.1 % formic acid

Mobile Phase B
Flow Rate

Column Temperature

Injection Volume

Acetonitrile with 0.1 % formic acid

500 pL/min
40°C
10 L

Time [min] Mobile Phase A [%)] Mobile Phase B [%)]
0 95 5
0.1 95 5
5 60 40
5.1 10 80
6.0 10 80
6.1 95 5
7.0 95 5

Parameter Value |Parameter Value
Curtain gas 40 psi  |Source temperature 450 °C
lon source gas 1 70 psi |inn source gas 2 70 psi
CAD gas 12 psi |ion spray voltage 2000V
Name a1 Q3 CE CXP
Insulin lispro 1162 217.1 46 18
Bovine insulin 956.4 1114.8 31 18
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Insulin lispro quantification
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4-fold S/IN improvement
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Insulin lispro quantification

Calibration for lispro 10y = 0.02273 % + -2.07731e-4 (r = 0.99432, = 0.08867) (weighting: 1/ x"2)

Log Area Ratio

-0.5

0.0

0.1-1,000 ng/mL

Actual Concentration | Num. Values Mean Standard Deviation | Percent CV | Accuracy
0.10 Jof3 1.018e-1 1.254e-2 12.32 101.76
0.50 Jof3 4.875e-1 6.202e-2 12.72 97.50
1.00 Jof3 8711e-1 4.447e-2 511 87.11
500 Jof3 4,940=0 4,156e-1 841 95.80
10.00 Jof3 10451 3.062e-1 293 104,51
100.00 Jof3 1.103e2 4.4582e0 4.06 110.32
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Conclusions

Up to 5-fold of improvement in S/N was observed when analyzing cyclic peptides
such as natriuretic peptide family and insulin lispro in biological matrices

— Sensitivity enhancement was attributed to improvements in hardware such as ion source,
orifice, and ion guide

Significantly low-level quantification of cyclic peptides was attainable

Exceptional reproducibility, accuracy, precision, and linearity was achieved with the
presented method

Simplified method development and data processing

Less than 10 min LC run time with high robustness
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Trademarks/Licensing

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only.
Product(s) not available in all countries. For information on availability, please
contact your local sales representative or refer to www.sciex.com/diagnostics.
All other products are For Research Use Only. Not for use in Diagnostic
Procedures.

Trademarks and/or registered trademarks mentioned herein, including
associated logos, are the property of AB Sciex Pte. Ltd. or their respective
owners in the United States and/or certain other countries (see
www.sciex.com/trademarks).
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