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OVERVIEW

PurposeTo:develop a'simpte: 3-step reaction:L:C-
HRMS:based disulfide mapping method for
common:biopharmaceuticals,

Metheds: Controlled reduction; cyanylation;.and
cleavage of cyanylated cysteine residuesiinvglved
in‘disuffide:linkages:monitored by UPLEIESEL TO-
Orbitrap:MS:

Resuits: The:method was abie to:produce and
identify.all:distinguishable modified peptidesiof the
native structureiof Recombinant Hiuman fnstlin (rH
insulin): Themethod: was: also:able to detect-unigue
peptides:representative of two:possible:scrambled
products:of rHinsulin:

INTRODUCTION

=Disulfide bond formation:in proteins is an important
PTM essential forithe stabilization:of ifs 3D structure:
*Disulfide scrambling in:biopharmaceuticals is:&
clinical concernisince-a:misfolded: protein orone with
abriormal linkages miay not have the correct strlcture
to function properly.
« A simple assay is presented with:no HELC
fractionation‘involved:that can deducethe linkages of
closely:-spacedicysteine residiies.
+Three prateins with different'disulfide mapping
camplexity defined by the numberiof disulfide’linkages:;
cysteing residues proximity, and protein size were
aualirated as testproteing  Ribonuclease A and
erythropoetin. {(easy), insulin:(intermediate);
* RNase A was fully characterized by. 3T Watson:and
colieagiies: Results: were published invarious journals.
«Erythropaietin'has four. Cysteine residues alt:involved
initwo disulfide linkages:EPO s easy to:characterize
using inzselutio:tryptic: digestion:in:its:non:reduced
form.

Disulfide Linkages of Native EPO

»Human'insulin, a common biopharmaceutical, has 6
cysteine residues allinvelved in:three disilfide
linkagesi(oneintrazchain, and twointer:chain linkagesy:
Jhree adjacent cysteing residues are presentinthe.
alphaschain: insutin.is:mare challenging.to characterize
singeno endoproteinaseican digest it to produce
peptides with:one disulfide linkage.

GIVE( LYQLEN
FVNQHL SHLVEALYL ERGFFYTPKT

Disulfide Linkages of Native rH Insulin
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Methodology

Recombinant Human Insulin (Sigma), expressed in yeast --
Denatured using GuHCI in Citrate Buffer, pH 3.0. Minimal to no
disulfide scrambling is expected at this acidic pH.

Controlled Reduction at
PH 3.0 (TCEP, 1-15 molar
equivalent of total Cys; RT o
37C; 1015 mins)

E g

at pH 3.0
produces a mixture of
isomers of partially
reduced insulin protein.

H

somer A
Cyanylation at pH 3.0
(CDAP, 20-75 molar
equivalent of total Cys; RT or
37°C; 15 mins)

son son

Isomer 8

T womerc

The addition of 1.
DAP ratio mo
|he free sulfuhydryls .

Partially Reduced and Cyanylated

Products (Table 1) Measurements

using LC-HR MS

(Methylamine, 2M,
10 mins, 0-2 °C

All modified proteins are cleaved at

Add. TCEP Rm}mm the N-terminal side of the cyanylated
Cysteine residues.

l Cleavage

Fragments (Table 2)
Measurements using LC-
HR MS

CDAP = 1-cyano.

‘Al mass measurements and assignments were performed within 5 ppm
Tables 1 e 2. A8 IC obumanes of reusion and cyanylaton ot vere confimed by UV hiorbance at 214
ino-pyridinium tetrafluorate

Thermo ESI-LTQ-Oribitrap XL with Accela 1250 UPLC System
Waters Acquity UPLC BEH130 C18 1.7 um 2.1 x 150 mm Column

Parameter
LC Mobile

A~ 0.19 FA in Water
B0.1% FA in ACN

40°C (column), 5°C (auto sampler)
0.2 mUminute
104
From 010 5 mintes, divert to waste
214nm

Gradient 1 - Control
0-5 mins, 24 98; 5-45 mins, 24 to 40 %8
Gradient 2 - Cleavage Pr
0-5 mins, 0 %8; 5105 mms " Otw0%8

Temperature
Flow Rate
Injection Vol.
Divert Valve
Wavelength
LC Gradient

Parameter
lon Polarity
Duration
Lock Mass.
List

Positive
50 min; 110 min

Scanevent1 | FTMS, resolution 60000

Mass Range: 150-2000 Da

TCEP-to-CDAP Ratio was Optimal at 1:5 Minimum

TCEP: 4 molar equivalent
CDAP: 20-fold molar equivalent

TCEP: 4 molar equivalent
CDAP: 40-fold molar equivalent

Identification of Reduction and Cyanylation Products

e
(E3- 4)

Inlan! Two
Reduced Cys—Clif\

¥ ntact Four

S% Reduced Cys-CN
i

H

a-Chain - Two |
Red. Cys-CN

7.7x10°

9.9x107
Red. Cys-CN . x

%u-chain - Four

gﬂ-chain Two

3.4x10°
Reduced Cys-CN

Recombinant Human Insulin

Native-

23 2

Possible Scrambled Products of
.. Intact Human Insulin (1-3)
Less than 10% Relative Abundance
of the Native Isomer

Intact Human Insulin

Theoretical Mass = 5803.6371 Da

Theoretical m/z = 1161.7347
Mass Accuracy = 1.7 ppm

Product 1

GIVES Sl LVQLE
FVNQHL SHLVEALYL ERGFFYTPKT

ilZ-ClCZTSICSSLYQLENYC4N -OH

[Cmiz=oarsrca |

G IVE SICISLYQLEN
FVNQHI SHLVEALYL ERGFFYTPKT

GIVEQC1C2TSI-NHCH,

miz = 533.26 (+2)

Two possible disulfide scrambled products based on
proximity of linkages with representative peptides not
found in the native secondary structure

Scrambled
Product 2

Controlled Reduction and Cyanylation

Objective: Formation of a Mixture of Insulin
Protein Isomers with 1 and 2 Disulfide Linkages

Reduced and Cyanylated

Experimental Design:

« Total Number of Cysteines in Protein

« [TCEP],;, = 4 molar equivalent for every Cys

+ [CDAP] i, = 20 molar equivalent for every Cys;
[CDAP] should be minimum 5x of [TCEP]

+ Both reactions performed at pH 3.

Table 1. Mass-to-charge Values of Insulin Partial Reduction

and Cyanylation Products
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Products

Incubatlun at 37°C Temperature F'ruduced More
and Cyanyl Products

Intact TCEP: 4 molar equivalent

insulin CDAP: 20-fold molar equivalent
i ’ (E1-1)

TCEP: 10 molar equivalent
'CDAP: 50-fold molar equivalent
(E2:2)

-

15 molar equivalent
CDAP: 75-fold molar equivalent
(E3-2)

., =%

TCEP: 4 molar equivalent
CDAP: 20-fold molar equivalent
(E1-3)

Intact
insulin
arec

Chemical Cleavage Products
Objective: Complete N-terminal Cleavage of Cyanylated Cysteines with Minimal Side-Reaction Products

Experimental Conditions Tested:

« Cleavage using 1 M NH,OH, RT, 1 hour
- Various forms of carbamylated insulin were the
dominant product of the reaction.

« Cleavage using 2 M Methyl Amine, 0-2 °C, 10 mins.

2 M CH3NH, Showed Efficient Conversion of
Cyanylation Products to Truncated Peptides

Two Reduced
Cysteines - CN

"3 Four Reduced
i Cysteines - CN

-r" \ml‘]‘ ”JH

Alpha Chain - Two
Reduced Cys - CN

A i

Beta Chain - Two
Reduced Cys - gN

Reduced Cys - CN

‘%Alpha Chain - Four
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Cleav@ce PdeilfCIS of Isomer C

GIVEQC1-NHCH;
47x107

Cib itz-C2TSICISLYQLENYCAN-OH
22x107

Clc itz-CSGSHLVEALYLVC6GERGFFYTPKT-OH
22x107

All Cleavage Products in Table 2 Identified and
Confirmed with High Confidence
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Unique Peptide for Native Isomer of Insulin
GIVEQC1C2TSIC3SLYQLENY-NHCH,

C1&C2 are not connected
-CIC2TSIAHCH,
€3.& C4 are not connected
itz-C3SLYQLENYCAN-OH

C1b  C2&C3,and C2 & C4 are not connected
itz-C2TSICISLYQLENYCAN-OH
sx amas we  ss PRSP
Clc  C5&C6 are not connected
tz-C5GSHLVEALYLVC6GERGFFY TPKT-OH

RSN IO T .

FVNQHL-NHCH;
10
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miz = 661.3338
0.15 ppm

miz = 679.5819

TCEP: 10 molar equivalent

CDAP: 50-foldnolar equivalent
- j%‘i‘?

TCEP: 15 molar equivalent
CDAP: 75-fold molar equivalent
(E3-4)

cib

2 miz = 385.7191
2.85 ppm

minothiazolidine-4-carboxyl

Unique Peptides of Disulfide Scrambled Products
Detected and Identified at Low Abundance

Juzcrcarsicasivoienvcanon
miz = 9413674 (+2); 159 ppm

GIVEQCIC2TSINFCH,
miz = 533.2570 (+2); 0.56 ppm

Lancaster Laboratories; |
Lancaster, PA 17603

Table 2; Massitoicharge Values of aliCleavage Products from
all Partially: Reduced and: Cyanytated 108 and 2DB Insulin
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Altsix pastially reduced isomiers havé uver\applng ueavage proficts

CONCLUSIONS

= A'simpte method has been:demonstrated to correctly
assign distlfide tinkages:in:a protein:confaifing.
closely:spaced or adjacent cysteine residues:
+:Themethod:is rapid;sensitive;and dogs: notreqiire
fraction: colfection; butinstead relfes on:the accurate
mass: measurement capabilities of the LTQ=Orbitrap
MS:

s Data interpretation is time consuming because 'of the.
heavy:mantal caiculation of theexact:masses:of alk
truncated: peptides based on.its:elemental
composition.

FUTURE DIRECTIONS

= This:mettiod:can: be appled ta other protein
therapettics:with:-consecitive cysteines involvedin
dislfide linkages (€.9. hingeregion of mAbS): After.
digestion:with:trypsin or:any endoproteinase . of ¢hoice,
theidentified non-reduced peptides: containing the
targettegions for characterization ¢an be fractionated
for.enrichment purposes Apartfronyperforniing:a
systematic.optimization of:icontrolled reduction and
complete cyanylation steps, the restof.the method can
beapplied accordingly:

= When'applied to proteins with unkriowi distiide
linkages; fractionation: of the partally reduced protein
Isomers: priorto cleavage will be neécessary.
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