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Structure of cyclic peptides
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Cyclic peptides are polypeptide chains in the form of
a cyclic ring structure

— The cyclic structure is formed by chemical bonds,
including amide, lactone, ether, thioether and disulfide

Cyclic peptide structures can have up to hundreds of
amino acid residues

Cyclic peptides are often categorized through the
type of bond that forms the ring, for example:

- Homodetic cyclic peptides (ring composed of normal
backbone amide linkages)

— Cyclic isopeptides (contain at least 1 side-chain linkage)
— Cyclic depsipeptides (contain at least 1 ester linkage)

Disulfide bridged peptides are cyclized via 1 or more
disulfide bonds between 2 cysteine residues
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Cyclic peptide therapeutics in the market
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* Cyclic peptides have been identified

as important therapeutic candidates
partly due to their structural stability
and conformational rigidity

Cyclic peptides can exhibit enhanced
stability and biological activity
compared to linear peptides

* 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:

— Cyclosporin A (immunosuppressant
activity)

— Oxytocin and vasopressin (natural
peptide hormones)

— Vancomycin and daptomycin
(antibiotics)

— Tyrocidine and gramicidin S
(antibacterial)

— Degludec, lispro, glargine and detemir
(insulin analogs)



Key challenges for the quantification of cyclic peptides SCIEX

Analytical limitations

* Large peptide structures result in challenges with proper ionization and fragmentation

Inadequate sensitivity

* Desire for increased sensitivity and linearity for quantitative assays
* Need for enhancing the signal to noise (S/N) against the background matrix
» Compatibility and enhancement of a wide range of flow rates

Insufficient throughput

* Need to simplify method development to speed results
* Requirement for faster analysis and data reduction
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Analysis of insulin
analogs

INSULIN LISPRO AND INSULIN
DEGLUDEC IN RAT PLASMA
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Structure of insulin analogs
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Insulin degludec
A chain

B chain

Insulin and its analogs consist of 2 chains, A and B, which are
connected via 2 disulphide linkages

Insulin analogs are altered forms of insulin that offer options
for insulin replacement strategies with similar or improved
actions for glycaemic control

Insulin degludec has the B chain C-terminal threonine deleted
compared to human insulin and it is conjugated to
hexadecanedioic acid via a gamma-L-glutamyl spacer at the
lysine at position B29

- The hexadecanedioic acid causes multihexamer formation after
subcutaneous injection, allowing the slow release of insulin into
systemic circulation

The structure of insulin lispro has switched positions for a
lysine and a proline residue on the B chain

- This modification allows insulin lispro to be absorbed more quickly
and last for a shorter length of time than regular human insulin

- The only signature fragment ion to differentiate insulin lispro from
human insulin is the B chain y2 ion
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Sample preparation for insulin lispro SCIEX

Spike insulin analog and Perform protein A 650 pL aliquot of
proinsulin (internal precipitation using 1:1 (v/v) supernatant was mixed

standard) into 200 L of rat methanol/acetonitrile with with 5% aqueous
plasma 1% acetic acid ammonia

Insulin lispro

Achain

Solid phase extraction was
performed using a
microelution plate

LC-MS/MS analysis
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LC-MS method parameters and conditions SCIEX

INSULIN LISPRO

LC column: Phenomenex Kinetex XB-C18 (3 x 100 mm, 2.6 ym), 50 °C
Flow rate: 0.4 mL/min

Injection volume: 20 pL

Mobile phases: 0.2% acetic acid in water (A) and acetonitrile (B)

Chromatographic conditions for intact insulin lispro Source conditions for the SCIEX 7500 system

Time (min) Mobile phase A (%) Mobile phase B (%) Parameter Settings
0.0 90 10 Polarity Positive
— 50 50 Curtain gas 37 psi
4. 1
0 0 90 lon source gas 1 40 psi
5.0 10 90
lon source gas 2 50 psi
5.1 10 90
CAD gas 10
8.0 90 10
lon spray voltage 2500 V
MRM transitions for insulin lispro and internal standard Source temperature 450°C
Parameter Insulin lispro Internal standard
Precursor ion (m/2) 968.9 994 Data processing: MRM data were processed W|th the An_alytlcs .
- module in SCIEX OS software 2.0 using the MQ4 integration algorithm.
Product ion (m/z) 2171 2191 . . 2 s .
A weighting of 1/x2 was used for quantification.
CE (V) 50 45
CXP (V) 11 14
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Sensitivity for the analysis of insulin lispro
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e Extracted ion chromatograms (XICs) of insulin lispro
MRM transition in matrix blank and at the limit of
detection (LOD, 25 pg/mL) and lower limit of
quantification (LLOQ, 50 pg/mL) are shown
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Quantitative performance for the analysis of insulin lispro ~>¢'EX
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Calibration for Tsprol: y = 148275 x + -9.45818e-4 (r = 0.99715, r¥ = 0.99430) (weighting: 1 / x*23)
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Concentration Ratio

Actual Concentration | Num. Values Mean | Standard Deviation | Percent CV |Mcuracy|

50.00
200.00
1000.00
5000.00
10000.00
50000.00

30f3 5.054e1 4.329e0 8.57 101.09
30f3 1.913e2 1.206e1 6.31 95.64
30f3 9.900e2 1.187e2 11.99 99.00
3of3 5.233e3 2.68%e2 5.14 104.66
3of3 1.014e4 3.881e2 3.83 101.43
3o0f3 4.909e4 1.352e3 2.75 98.18

Strong linearity was achieved with a

correlation coefficient (r) of 0.99715
using 1/x2 weighting

Accuracy and %CV were calculated
using triplicate analyses at each
concentration
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Quality control (QC) results for analysis of insulin lispro ~ “>CIEX

Accuracy and %CV of quality control (QC) samples of insulin lispro

QC concentration (pg/mL) Calculated concentration (pg/mL) CV (%) Accuracy (%)
100 91.0 8.15 91.0
500 443.3 3.78 88.7
20,000 19396 2.68 97.0

* QC samples were also analyzed at the low, medium and high concentrations
of 100 pg/mL, 500 pg/mL and 20,000 pg/mL, respectively

* The %CV was <10% and accuracy was between 88% and 100% for low,
medium and high concentrations, demonstrating the excellent assay
reproducibility and accuracy
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Sample preparation for insulin degludec SCIEX

Perform protein A 650 L aliquot of

precipitation using 1:1 (v/v) supernatant was dried
methanol/acetonitrile under nitrogen flow

Spike insulin analog into

100 pL of rat plasma

Insulin degludec
A chain

B chain

Samples were reconstituted

LC-MS/MS analysis in 100 pL 10:2:88 (v/viv)
methanol/acetic acid/water
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LC-MS method parameters and conditions SCIEX

INSULIN DEGLUDEC
LC column: Phenomenex Kinetex C18 (2.1 x 100 mm, 2.6 um), 40 °C

Flow rate: 0.5 mL/min

Time (min) Mobile phase A (%) Mobile phase B (%) . .
0.0 %0 2 Injection volume: 5 pL
0'5 % 2 Mobile phases: 0.1% formic acid in water (A) and acetonitrile (B)
4.5 50 50 Parameter Settings
4.9 20 80 Polarity Positive
5 5 95
Curtain gas 45 psi
8.4 5 95
8.5 80 20 lon source gas 1 45 psi
10 80 20 lon source gas 2 60 psi
CAD gas 9
Insulin Insulin o
Parameter degludec 1* degludec 2 Source temperature 600°C
Precursor ion (m/z) 1221.8 1221.8 . . .
Product ion (m/2) o415 13669 Data processing: MRM data were pr_ocessed W|th_ the An_alytlcs
module in SCIEX OS software 2.0 using the MQ4 integration
CEM) 40 % algorithm. A weighting of 1/x was used for quantification.
CXP (V) 5 5

“MRM transition used for quantification
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Sensitivity for the analysis of insulin degludec

The Power of Precision

[FFTEE s le | famees mies & PR IS0 - e D | e el S PP Gpg - e D ) g e T FETC 000 - i
k]

irighs Inden. 0]
omn Mk, Pt PR, BT Bk e foen 1 0MsY Hegp 68%ed BT 3 e dews 357h) Hegh SNed T J0Sme  Aves 3EF) Hegh S08eY AT 304men
2000 4 2 F 200
. 11
|
1“': Matrix o 100 pgfmL

i . Dlank

IFbanady

5 |

28 2% 30 3% 40

Tiomm

* XICs are shown for matrix blank and samples at
25 pg/mL (LLOQ), 50 pg/mL and 100 pg/mL
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Quantitative performance for the analysis of insulin SCEX
degludec

Calibration for Insulin Deghedec 13y = 4397047 x » 10530217 (r = 099604, " = 0.99209) (weighting: 1/ x)
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soes _— correlation coefficient (r) of 0.99604
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Comparing microflow
and analytical flow LC

HUMAN ATRIAL NATRIURETIC
PEPTIDE (ANP) IN RAT PLASMA
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Microflow increases sampling efficiency
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Sampling efficiency = fraction of ionized molecules in the liquid flow entering the MS

More confined spray with higher concentration of analytes — easier to pull ions into the MS

More efficient ionization — less solvent makes it easier to charge the analyte molecules
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Structures from the natriuretic peptide family SCIEX

* The natriuretic peptide (NP) family is a group of genetically distinct cyclic peptide
hormones 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

Human ANP
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Sample preparation for ANP SCIEX

Diute supernatant 1:1 (v/v)
Perform rat plasma protein with water (to act as

Spike in human ANP and
a labelled cyclic peptide

precipitation processed biological as IS (IS at 10 ng/mL)

matrix)

SLRRSSCFGGRMD
f R Perform serial dilution with
w | Trap and elute microLC- processed plasma to create
: G MS/MS analysis calibration curves for
= EUEWEIE
YRFSNCGLGSQA
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Method parameters and conditions SCIEX

M5 MICROLC SYSTEM AND THE SCIEX 7500 SYSTEM

Trap column: Phenomenex Luna C18(2) column (20 x 0.3 mm, 5 ym, 100 A), 50 pL/min
Analytical column: Phenomenex Kinetex XB-C18 column (50 x 0.3 mm, 2.6 ym, 100 A),

Injection volume: 20 L Compound Q:,,','}:f s Q?,,';}:f s g,% (Z\);;’
Mobile phases: 0.1% formic acid in water (A), and acetonitrile (B) Human ANP 6171  584.1 34 15
Time (min) Mobile phase A (%) Mobile phase B (%) Time (min) Mobile phase A (%) Mobile phase B (%) Parameter Value Parameter Value
0 100 0 0 60 40 Curtain gas 35 psi Source temperature 300 °C
0.1* 100 0 5.0 40 60 lon source gas 1 30 psi lon sourcegas 2 80 psi
5.0 100 0 5.2* 10 90 CAD gas 11 lon spray voltage 4000 V
32 10 %0 6.8 10 % * The MRM data were processed with the
6.8 10 90 7.0 60 40 Analytics module in SCIEX OS software 2.0
7.0 100 0 8.5 60 40 using the MQ4 integration algorithm. A

T 5 i
85 100 0 VaTve fond was inared weighting of 1/x? was used for quantification

* Analytical gradient was initiated
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Sensitivity comparison between analytical flow and
microflow

P
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* A 5-fold improvement in sensitivity was observed for quantification of human
ANP using microflow with a trap-and-elute setup compared to analytical flow
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Quantitative performance with microflow
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Calibration curve for human ANP: The linear
range covered 0.01 ng/mL to 200 ng/mL with an
overall linear dynamic range (LDR) of 4.3 orders of
magnitude

Calibration for ANP human: y = 0.16630 x + 5.25281... (r = 0.99632, r* = 0.99265) (weighting: 1/x"2)

3

Area Ratio

Calculated concentrations for all calibration points
were within =15% of the nominal value. %CV was
<12.5%, demonstrating high reproducibility (triplicate
injections)

Concentration, accuracy and precision for human ANP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Concentration Ratio

* A labeled cyclic peptide was used as an internal standard.

Concentration Accuracy Ccv
(ng/mL) (%) (%)
200 94.6 6.24
20 109 3.36
10 101 8.60
2 108 3.91
1 101 3.24
0.5 94.0 9.26
0.2 99.5 12.30
0.1 93.1 3.20
0.02 98.6 8.44
0.01 101 4.10




Conclusions SCIEX

* An LLOQ of 25 pg/mL and 50 pg/mL was reached for the quantification of insulin
degludec and insulin lispro, respectively

— A highly sensitive assay with minimal sample preparation for the quantification of insulin
therapeutics was demonstrated

— Excellent linearity, accuracy and reproducibility were achieved in the quantification of insulin
analogs

* An ultra-sensitive microflow LC-MRM-based human ANP quantification workflow was
demonstrated

— Compared to previously published data acquired using analytical flow LC, a 5-fold
improvement in LLOQ was achieved with the implementation of a microflow LC workflow

— Low-level quantification was achieved for human ANP at an LLOQ of 10 pg/mL with
exceptional reproducibility, accuracy and linearity
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Trademarks/Licensing SCIEX

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s)
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Use Only. Not for use in Diagnostic Procedures.
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© 2022 DH Tech. Dev. Pte. Ltd. RUO-MKT-11-15239-A

27 RUO-MKT-11-15239-A © 2022 DH Tech. Dev. Pte. Ltd.


http://www.sciex.com/diagnostics
http://www.sciex.com/trademarks

