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» a topical product of bovine origin

Indication and Usage

Indicated to aid hemostasis whenever
oozing blood and minor bleeding from
capillaries and small venules is
accessible and control of bleeding by
standard surgical techniques (such as
suture, ligature, or cautery) is
ineffective or impractical.



THROMBIN-JMI®: Manufacturing
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Bovine Bovine Plasma Purification Thrombin-JMI®
« Bovine plasma used to * Thrombin-JMI® does not * Isolate Prothrombin « THROMBIN-JMI is available
manufacture Thrombin-JMI® contain nor is derived from . Convert Prothrombin to Thrombin « 5,000 and 20,000 IU vial
is sourced solely from specified risk materials . Pump Spray Kit
animals of U.S. origin defined in Commission * Viral Inactivation Syringe Spray Kit
: : Decision 97/534/EC T ’
- USDA inspections ensure » Chromatography Purification . Epistaxis Kit
cattle are disease free and fit » Chromatography Polishing » Gelfoam-Thrombin Kit

for human consumption . Viral Eiltration + Gel-flow-Thrombin Kit

* Bulk Thrombin
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—— Presentation Overview

 Biological Activity & Biosynthesis of a-Thrombin
» Pfizer’s Hospital Business Unit (HBU) and Thrombin-JMI®

« Manufacturing of Thrombin-JMI® from bovine

Why was there a need to identify N-linked glycans from bovine a-Thrombin?

Preliminary
Intact Mass
Analysis

éPﬁzer BTX-ARD, PSSM and PGS



FDA - Guidance for Industry For the Submission
of CMC and Establishment Description Information
for Human Plasma-Derived Biological Products,
Animal Plasma or Serum-Derived Products

https://www.fda.qgov/media/124397/download

Characterization

—> identity, stability and consistency

éPﬁzer BTX-ARD, PSSM and PGS


https://www.fda.gov/media/124397/download

FDA - Guidance for Industry For the Submission
of CMC and Establishment Description Information
for Human Plasma-Derived Biological Products,
Animal Plasma or Serum-Derived Products

https://www.fda.qgov/media/124397/download

Characterization
—> identity, stability and consistency

In general, characterization may include, but need
not be limited to the following:

* Potency Assays

« Chromatographic Assays

» Electrophoresis, e.g., SDS-PAGE

* Immunoblot Analysis

* Fluorescence Activated Cell Sorter (FACS) Analysis
* Enzyme-Linked Immunosorbent Assay (ELISA)

éPﬁzer BTX-ARD, PSSM and PGS


https://www.fda.gov/media/124397/download
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FDA - Guidance for Industry For the Submission
of CMC and Establishment Description Information
for Human Plasma-Derived Biological Products,
Animal Plasma or Serum-Derived Products

https://www.fda.qgov/media/124397/download

Characterization
—> identity, stability and consistency

In general, characterization may include, but need
not be limited to the following:

* Potency Assays

« Chromatographic Assays

» Electrophoresis, e.g., SDS-PAGE

* Immunoblot Analysis

* Fluorescence Activated Cell Sorter (FACS) Analysis
* Enzyme-Linked Immunosorbent Assay (ELISA)

BTx-ARD, PSSM and PGS

FDA - Guidance for Industry For the Submission of
CMC for a Therapeutic Recombinant DNA-Derived
Product or a Monoclonal Antibody Product for in
VIVO use

https://www.fda.qgov/media/77528/download

Characterization/Proof of Structure

—> identity, [...], stability and consistency


https://www.fda.gov/media/124397/download
https://www.fda.gov/media/77528/download
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FDA - Guidance for Industry For the Submission
of CMC and Establishment Description Information
for Human Plasma-Derived Biological Products,
Animal Plasma or Serum-Derived Products

https://www.fda.qgov/media/124397/download

Characterization
—> identity, stability and consistency

In general, characterization may include, but need
not be limited to the following:

* Potency Assays

« Chromatographic Assays

» Electrophoresis, e.g., SDS-PAGE

* Immunoblot Analysis

* Fluorescence Activated Cell Sorter (FACS) Analysis
* Enzyme-Linked Immunosorbent Assay (ELISA)
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FDA - Guidance for Industry For the Submission of
CMC for a Therapeutic Recombinant DNA-Derived
Product or a Monoclonal Antibody Product for in
VIVO use

https://www.fda.qgov/media/77528/download

Characterization/Proof of Structure
—> identity, [...], stability and consistency

[...] are not necessatrily limited to the following:

« Amino Acid Analysis

* Amino Acid Sequencing, entire sequence or amino- and

carboxyterminal sequences

Peptide Mapping

Determination of Disulfide Linkage

SDS-PAGE (Reduced and Non-Reduced)

Isoelectric Focusing

Conventional and HPLC e.g., Reverse-Phase, Size

Exclusion, lon-Exchange, etc

* Mass Spectroscopy

« Assays to detect product-related proteins including
deamidated, oxidized, cleaved, and aggregated forms and
other variants e.g., amino acid substitutions,
adducts/derivatives

* Assays to detect residual host proteins, DNA, reagents

* Immunochemical Analyses

« Assays to quantitate bioburden, endotoxin


https://www.fda.gov/media/124397/download
https://www.fda.gov/media/77528/download

—— Why was there a need to identify N-Linked glycans in bovine a-Thrombin?

Preliminary Intact Mass Analysis
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—— Why was there a need to identify N-Linked glycans in bovine a-Thrombin?

Preliminary Intact Mass Analysis
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—— Why was there a need to identify N-Linked glycans in bovine a-Thrombin?

Preliminary Intact Mass Analysis
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—— Why was there a need to identify N-Linked glycans in bovine a-Thrombin?

Preliminary Intact Mass Analysis

Bovine a-Thrombin
Intact Mass Spectrum

Deconvolution
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Bovine a-Thrombin N-Glycan ID: Literature Search

Davie et al An Overview of the Structure and Function of Thrombin,
Seminars in Thrombosis and Hemostasis/Volume 32, Supplement 1 2006

Both bovine and human prothrombin contain three
N-linked carbohydrate chains, two of which are located
in kringle domain 1 and one of which is present within
the serine protease domain. The latter of these has been
the focus of structural analyses that have identified slight
differences between human and bovine carbohydrate as
well as minor microheterogeneity within the single
carbohydrate chain attached to human thrombin.”*~>

@ Pﬁzer BTX-ARD, PSSM and PGS



Bovine a-Thrombin N-Glycan ID: Literature Search

Davie et al An Overview of the Structure and Function of Thrombin,
Seminars in Thrombosis and Hemostasis/Volume 32, Supplement 1 2006

Both bovine and human prothrombin contain three
N-linked carbohydrate chains, two of which are located
in kringle domain 1 and one of which is present within

the serine protease domain. The latter of these has been
the focus of structural analyses that have identified slight
differences between human and bovine carbohydrate as
well as minor microheterogeneity within the single

—» 54. Mizuochi T, Fujii ], Kisiel W, Kobata A. Studies on the

carbohydrate chain attached to human thrombin: "3 —
This Dll,n_;osacchandt chain is linked to Asn53 in human |
thrombin (thrombin heavy-chain numbering) and has

335

been characterized as a sialated biantennary glycan of the

N-acetyl-lactosamine prototype, with fucose present in

50% of the carbohydrate chains.”” _
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structures of the carbohydrate moiety of human prothrom-
bin. ] Biochem (Tokyo) 1981;90:1023-1031

Nilsson B, Home MK III, Gralnick HE. The carbohydrate
of human thrombin: structural analysis of glycoprotein
oligosaccharides by mass spectrometry. Arch Biochem
Biophys 1983;224:127-133
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structures of the carbohydrate moiety of human prothrom-
bin. ] Biochem (Tokyo) 1981;90:1023-1031

Nilsson B, Home MK III, Gralnick HR. The carbohydrate
of human thrombin: structural analysis of glycoprotein
oligosaccharides by mass spectrometry. Arch Biochem
Biophys 1983;224:127-133
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Davie et al An Overview of the Structure and Function of Thrombin,
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N-acetyl-lactosamine prototype, with fucose present in

50% of the carbohydrate chains.””
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Mizuochi T, Yamashita K, Fujikawa K, Kisiel W, Kobata A.
The carbohydrate of bovine prothrombin. Occurrence of Gal

beta 1 leads to 3GlcNAc grouping in asparagine-linked sugar
chains. | Biol Chem 1979;254:6419-6425

Mizuochi T, Fujii ], Kisiel W, Kobata A. Studies on the
structures of the carbohydrate moiety of human prothrom-
bin. ] Biochem (Tokyo) 1981;90:1023-1031

. Nilsson B, Home MK III, Gralnick HR. The carbohydrate

of human thrombin: structural analysis of glycoprotein
oligosaccharides by mass spectrometry. Arch Biochem
Biophys 1983;224:127-133
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Bovine a-Thrombin N-Glycan ID: Literature Search
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NeuAcal Fic. 6 Three fully sialylated sugar

chains of bovine prothrombin.
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53. Mizuochi T, Yamashita K, Fujikawa K, Kisiel W, Kobata A.

The carbohydrate of bovine prothrombin. Occurrence of Gal
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beta 1 leads to 3GlcNAc grouping in asparagine-linked sugar
chains. | Biol Chem 1979;254:6419—-6425



Bovine a-Thrombin N-Glycan ID: Literature Search
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53. Mizuochi T, Yamashita K, Fujikawa K, Kisiel W, Kobata A.
The carbohydrate of bovine prothrombin. Occurrence of Gal

beta 1 leads to 3GlcNAc grouping in asparagine-linked sugar
chains. | Biol Chem 1979;254:6419—-6425
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NeuAcal Fic. 6 Three fully sialylated sugar
chains of bovine prothrombin.
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31. Nelsestuen, G. L., and Suttie, J. W. (1972) J. Biol. Chem. 247,
6096-6102

Nelsestuen and Suttie (31) reported that bovine prothrom-
bin contains both N-glycolyl and N-acetylneuraminic acid.
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Fig. 2. SDS-PAGE analysis of APO:TBN:PRE2 crystal. A crystal of
apoTBN/PRE2 crystallized from PEG2K was washed thoroughly, dis- Gz + NeU GC an d /0r Neu AC
solved in distilled water, and analyzed on a 15% polyacrylamide gel run
under reducing conditions. Lane 1 shows low molecular weight standards
of 94 kDa, 67 kDa, 43 kDa, and 30 kDa. Lane 2, the starting protein

material, and lane 3, the dissolved crystal, show approximately equimolar 31. Nelsestuen, G. L-, and Suttle, J. W. (1972) J. Biol Chem. 247,
amounts of prethrombin-2 (M, = 38 kDa) and a-thrombin (A chain M, = 6096_61(32

5 kDa, B chain M, = 33 kDa). The bands have anomalously high molecular

weights due to the presence of the polysaccharide chain attached to Asn- Nelsestuen alld Suttle (31} repm‘t&d that bovine prﬂth.l'ﬂm-
60G (M, = 2.5 kDa) in the B-chain.

BTx-ARD, PSSM and PGS

bin contains both N-glycolyl and N-acetylneuraminic acid.
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Objectives

Profiling Analysis of Released N-Glycans by LC-MS

» Characterize N-glycan profile from bovine plasma
thrombin

 Determine if 16 Da mass differences from the intact
thrombin analysis is related to N-glycan heterogeneity



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan
Analysis

Digest Ee\/%i N-glycan Release

ié 2-Aminobenzamide
Label : i{ (2:AB) labeling

Cleanup \ Wash excess label
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Profiling Analysis of Released N-Glycans by LC-MS: 2:AB

2-AB Labeled N-Glycan
Analysis

Native enzymatic release
via PNGase F at 37°C

overnight
N-glycan Release }

—
aﬁ ;{ 2-Aminobenzamide
t (2:AB) labeling

Cleanup “ﬁ Wash excess label
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Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan
Analysis by NP-AEX-MS
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Profiling Analysis of Released N-Glycans by

2-AB Labeled N-Glycan
Analysis by NP-AEX-MS

Exhaustive
Elucidation
of N-Glycans
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Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

e Sialic acids are mixture of NeuAc and NeuGc

2-AB Labeled N-Glycan Exhaustive » 16 Da mass difference supports intact data

_ Elucidation
Analysis by NP-AEX-MS of N-Glycans
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Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

e Sialic acids are mixture of NeuAc and NeuGc

2-AB Labeled N-Glycan Exhaustive » 16 Da mass difference supports intact data

_ Elucidation
Analysis by NP-AEX-MS of N-Glycans
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e Sialic acids are mixture of NeuAc and NeuGc

» 16 Da mass difference supports intact data

* Predominant structures contained two and
three sialic acids

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
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e Sialic acids are mixture of NeuAc and NeuGc

» 16 Da mass difference supports intact data

* Predominant structures contained two and
three sialic acids

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
Why?



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan Ef(uhc?ggtt;gﬁ
Analysis by NP-AEX-MS of N-Glycans
6424 Carbohydrate of Bovine Prothrombin
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Mizuochi, Tsuguo et. al. The Carbohydrate of Bovine Prothrombin.
Journal of Biological Chemistry. 1979; 254(14): 6419-6425.

é Pﬁzer BTX-ARD, PSSM and PGS

Neu5Aca2-3Gal |

HO OH COz

V'w |
AcNH

Neu5Aco2-6Gal

g oH 0% o
HO :
g & o
ACcNH - \~— \
HO Ha R

OH

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
Why?

» Sialic Acids are located on the terminal Gal or
antennal GIcNAc residues

» Sialic Acids contain a2-3 and a2-6 linkages
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e Sialic acids are mixture of NeuAc and NeuGc

» 16 Da mass difference supports intact data

* Predominant structures contained two and
three sialic acids

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
Why?

» Sialic Acids are located on the terminal Gal or
antennal GIcNAc residues

» Sialic Acids contain a2-3 and a2-6 linkages

» These differences result in multiple elution
positions for the same N-glycan composition

» Wider peaks due to bisecting GIcNAc



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan
Analysis by NP-AEX-MS
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Exhaustive
Elucidation
of N-Glycans
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Mizuochi, Tsuguo et. al. The Carbohydrate of Bovine Prothrombin. The
Journal of Biological Chemistry. 1979; 254(14): 6419-6425.
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e Sialic acids are mixture of NeuAc and NeuGc

» 16 Da mass difference supports intact data

* Predominant structures contained two and
three sialic acids

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
Why?

» Sialic Acids are located on the terminal Gal or
antennal GIcNAc residues

» Sialic Acids contain a2-3 and a2-6 linkages

» These differences result in multiple elution
positions for the same N-glycan composition

» Wider peaks due to bisecting GIcNAc
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e Sialic acids are mixture of NeuAc and NeuGc

» 16 Da mass difference supports intact data

* Predominant structures contained two and
three sialic acids

» Tetrasialylated structures not detected

* Multiple peaks observed per monosaccharide
composition

» Trisialylated structures are much wider
Why?

» Sialic Acids are located on the terminal Gal or
antennal GIcNAc residues

» Sialic Acids contain a2-3 and a2-6 linkages

» These differences result in multiple elution
positions for the same N-glycan composition

» Wider peaks due to bisecting GIcNAc



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan Elxuhc?ggttil:)/ﬁ Comparison to
Analysis by NP-AEX-MS of N-Glycans CHO-Derived Protein

Are tetrasialylated structures
recovered from a CHO-derived
protein?

éPﬁzer BTX-ARD, PSSM and PGS



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan
Analysis by NP-AEX-MS
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Are tetrasialylated structures
recovered from a CHO-derived
protein?

> Yes.

Conformational differences of
N-glycans between bovine and
CHO likely account for differences
in retention times of charged
glycans.



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan Elxuhc?ggttil:)/ﬁ Comparison to
Analysis by NP-AEX-MS of N-Glycans CHO-Derived Protein
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Are tetrasialylated structures
recovered from a CHO-derived
protein?

> Yes.

Conformational differences of
N-glycans between bovine and
CHO likely account for differences
in retention times of charged
glycans.

» \Why are tetrasialylated
structures not detected?



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan Elxuhc?ggttil:)/ﬁ Comparison to
Analysis by NP-AEX-MS of N-Glycans CHO-Derived Protein

Native enzymatic release
via PNGase F at 37°C

overnight Are tetrasialylated structures
recovered from a CHO-derived
) protein?

N-glycan Release

Digest e ?
= > Yes.

ai _ _ Conformational differences of
Label ;z s e N-glycans between bovine and

t (2:AB) labeling . .

CHO likely account for differences
in retention times of charged
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Cleanup ‘*%v Wash excess label

» \Why are tetrasialylated
structures not detected?

éPﬁzer BTX-ARD, PSSM and PGS



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan Elxuhc?(ljjg';[il:)/ﬁ Comparison to
Analysis by NP-AEX-MS of N-Glycans CHO-Derived Protein

Native enzymatic release
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éPﬁzer BTX-ARD, PSSM and PGS

Are tetrasialylated structures
recovered from a CHO-derived
protein?

> Yes.

Conformational differences of
N-glycans between bovine and
CHO likely account for differences
in retention times of charged
glycans.

» \Why are tetrasialylated
structures not detected?



Profiling Analysis of Released N-Glycans by LC-MS: 2-AB

2-AB Labeled N-Glycan EELsE Comparison to LS00l B el
Analysis by NP-AEX-MS Elucidation CHO-Derived Protein Efficient Release &
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Profiling Analysis of Released N-Glycans by LC-MS: RapiFluor

2-AB Labeled N-Glycan
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Use of a More
Efficient Release &
Labeling Process

Waters RapiFluor Kit
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Profiling Analysis of Released N-Glycans by LC-MS: RapiFluor

2-AB Labeled N-Glycan

Analysis by NP-AEX-MS
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Use of a More
Efficient Release &
Labeling Process
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> Tetrasialylated structures were effectively recovered




Profiling Analysis of Released N-Glycans by LC-MS

« Sialic acid residues observed were a combination of NeuAc and
NeuGc which differ by 16 Da

* N-glycans from bovine plasma a-Thrombin are comprised of the
complex-type, afucosylated, biantennary structure (G2) with one to
four sialic acid residues

* Multiple elution positions for the same N-glycan compositions are
due to sialic acids located on the terminal Gal or bisecting GIcNAc
residues with a2->3 and/or a2->6 linkages

\ Pﬁler Business Grou p Business Su bgroup
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—— Preliminary Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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—— Exhaustive Intact Mass Analysis of Bovine a-Thrombin by LC-MS
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— ldentification of N-Linked Glycans from Bovine a-Thrombin
Using a Combination of LC-MS Techniques
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— ldentification of N-Linked Glycans from Bovine a-Thrombin
Using a Combination of LC-MS Techniques
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— ldentification of N-Linked Glycans from Bovine a-Thrombin
Using a Combination of LC-MS Techniques

Profiling Analysis of Released

N-Glycans by LC-MS
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