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Outline

Claim 1 Would Not Have Been Obvious Over Currie and Li

A POSA Would Not Have Selected Human Uroguanylin as a
Lead Compound

A POSA Would Not Have Been Motivated to Substitute Asp?
with Glu3 with Any Reasonable Expectation of Success

Objective Evidence Supports the Nonobviousness of the Claims

2
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X. GROUND I1: CLAIM 1 WAS OBVIOUS OVER CURRIE
AND LI

Currie teaches the human uroguanylin peptide activates the GC-C receptor,
which is useful for providing laxative effect in the intestines (by drawing water
into the intestines). EX1002, §9126-29, 153. From Li, a skilled artisan would have
known that making a Glu® analog of human uroguanylin using known peptide

synthesis methods was reasonably likely to result in an active peptide analog. /d.,

99147-50, 154. Hence, a skilled artisan had good reason to make [Glu*]-human
uroguanylin with a reasonable expectation of success. Claim 1 was obvious over

Currie in view of Li. EX1002, §179.

Pet. at 37; Ex. 2069 at 84:18-20, 81:20-24

Sur-Reply at 13

BLAKE ROBERT
PETERSON, Ph.D.

In your opinion, Li cannot be used
to make cross-peptide activity
comparisons, correct?

That's correct.

In your opinion, the experiments in
Li do not provide dose response
curves and do not permit comparison
of the affinity or potency of rat
uroguanylin to human uroguanylin or
opossum uroguanylin, correct?

Correct.
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¢ wousness OoT a New ompound

Follows a Two-Part Anal

First, Petitioner must establish that a POSA would have selected the
asserted prior-art compound as a lead compound, or starting point, “that
would be most promising to modify in order to improve upon its ...
activity and obtain a compound with better activity.”

*  “In determining whether a chemist would have selected a prior art compound as a
lead, the analysis is guided by evidence of the compound’s pertinent properties.”

*  “Absent a reason or motivation based on such prior art evidence, mere structural
similarity between a prior art compound and the claimed compound does not
inform the lead compound selection.”

Second, Petitioner must establish that “the prior art would have
supplied [a POSA] with a reason or motivation to modify a lead
compound to make the claimed compound with a reasonable
expectation of success.”

Otsuka Pharm. Co. v. Sandoz, Inc., 678 F.3d 1280, 1291-93 (Fed. Cir. 2012)

Patent Owner’s Resp. at 26-27; see also Sur-Reply at 2-3; Ex. 2024 1 25-26
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A POSA Would Not Have Selected
Human Uroguanylin as a Lead

Compound

5
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Federal Circuit: Lead Compound Selection

“[ T]he analysis still requires the challenger to demonstrate . . .
%" that one of ordinary skill in the art would have had a reason to
¢ select a proposed lead compound or compounds over other
compounds in the prior art.”

2- “Potent and promising activity in the prior art trumps mere
¢ structural relationships.”

Daiichi Sankyo Co. v. Matrix Lab’ys, Ltd., 619 F.3d 1346, 1354 (Fed. Cir. 2010)

Patent Owner’s Resp. at 26-29, 35; Ex. 2024 | 26
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Human Uroguanylin Is Plagued by Topoisomerism

In addi-
tion to the possible existence of other specific receptors for
One peptide, two topologi p
U.C. Marx e , two topologies: . i . . .
ot structure and interconversion the GC-C-active isomer of uroguanylin, nothing is known
g'niﬁfh dynamics of human & -
WG, Forsmann about the structure and function of the peptide’s B form
mann Isomer A Isomer B

that does not cause an increase of intracellular cGMP.

Our results demonstrate that,
up to now, all published functional studies with bioac-
tive guanylin reported in the literature have not been
carried out with a single defined molecule but with a
mixture of two peptides, one of these a ligand of GC-C,
the other one with completely unknown biological
properties.

Both peptides are characterized by two

magaetc resonance: NOE, nuciear Overhauser effect, o used for
WOESY cross peak; NOESY. NOE spectroscopy, RMSD, root.mean-

disulfide bonds in relative positions 1 3 and 2 4, which are

Bausch Hoakh Ireland Exlibit 2010, Pae | of 12 crucial for biological activity (2, 14, 15).

Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2010 at 230, 235 (Fig. 4); Ex. 2020 at 229

Patent Owner’s Resp. at 9-10; see also Sur-Reply at 4-5; Ex. 2024 ] 63-66
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Topoisomerism Is Temperature and pH Dependent

16 Marx. One peptide, two topologies:
structure and interconversion Topelogical isomers of human uroguanylin:
dynamies of human interconversion between biologically active and macti

e uroguanylin isomers

i

'%iij

i

o
g

At 37°C, 25% of both uroguanylin-16 isomers are inter-
converted within 24 h.

©crm g e ey e e

At
acidic pH, both compounds are, in one sense, freely conver
tible (same conversion rates) and eventually come to a 1:1
Bnusch Health Ireland Exhibat 2000, Page | of 12 equilibrium ratio -

Miylan v. Bausch Health Ireland - [PR2022-00722 2011, Page 1 of S
- IPR222-00722

And so if we're talking about the transit time from the time the patient

ingests something all the way until the time they have a bowel movement,

you agree that that transit time could be longer in a constipated patient?
* Kk

MICHAEL SAMUEL
Sl L THE WITNESS: It's -- it can be, yes. It can be longer if it's in a patient

who’s constipated primarily due to colonic transit.

Ex. 2010 at 236; Ex. 2011 at 30; Ex. 2070 at 45:18-46:4

Patent Owner’s Resp. at 10; see also Sur-Reply at 19; Ex. 2024 {[{ 67-70.
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proach to Topoisomerism
Leads Away from Plecanatide

Q. In your opinion, in vivo topoisomeric conversion of
human uroguanylin would have been easily avoided by
administering it in a dosage form to time 1its
release specifically for the intestines rather than
the stomach, correct?

A. That's what's written here, yes.

PETERSON , Ph.D.

= This approach would not have resulted in plecanatide

Ex. 2069 at 33:24-34:4
Sur-Reply at 10 )
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Topoisomerism Is More than an In-Vivo Problem

31704 WED 13:29 FAX 1 810 239 o808 BACHEW Bioscience, Inc

BACHENT

Bicience .
700 Harizos Detve

t Doy, Mt
i of Frumée. B 16406
Tk 1610y 2040
P (610) 239-G800

Dr. Kunwar Shailubhai
Callisto Pharmaceuticals

7 Deer Park Dr. Suite N
Monmouth Junction, NJ 08852
Dear Shailu,

‘We are pleased 10 offer you & quots for the scale up of your compound SP-304.
Wewill be able to affer you & quotation for | g of peptide for $20,000. We will also

Bl e s g < o Mt We are pleased to offer you a quote for the scale up of your compound SP-304.

‘We are condident that the molecule, which you have chosen 1o pursu in your

e L We will be able to offer you a quotation for 1 g of peptide for $20,000. We will also
T O T o gladly provide you with the parent compound uroguanylin at a price of $5000 for 50 mg.

peak. d ipat patenti ale up
prosedures for chemical synthesis and folding of the product. Purification was greatly
simplified allowing us to offer the very favorable price sbove.

Bachem Bioscience represents the research and development arm of the Bachem

Group. Your project should it require cGMP mana fcruring can casily be transferred
‘within our crganization and receive the same priority trestment 8 you have already
experienced with us

%
Penmingion, PhD.

President and €.0.0.

¢

et

Bausch Health Ireland Exhibit 2040, Page 1 of 1
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2040

Patent Owner’s Resp. at 32; see also Ex. 2024 1| 128-129
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Carpick: STs Are "Long-Lived Superagonists”

TemcTion ax arry, Nov. 1993, p. 47104715 Vol. 61, No. 11
ftet it
Copyright American Society for Microbiclogy

The Escherichia coli Heat-Stable Enterotoxin Is a Long-Lived
Superagonist of Guanylin

et RO The Escherichia coli Heat-Stable Enterotoxin Is a Long-Lived

of
Sherboume Street, Toronto, Ontario, Canada M4X 1K9
Reccived 7 July 1993iRetermed for modification 16 August 199 Accepied 31 Asgust 1953

e Superagonist of Guanylin

animals has been linked to the activation of sn intestingl membrase-bound gusnylate cyclase. Guanylin, o
discovered rat intestinal s in

I and can
present on the buman colosic carcinoms eell line T84, To mummhmwdm
mmmamh.nm gunaylin and a guanylin anabeg termed N'P'* guanylin and
mmmnmmﬁlmmnmt—mmmu
,._,u.h.u.huun.u-n.' a radiolabeled ST | analeg to rut intestinal cells but causes disrrhea
im imfant mice only st deses at keast 4 orders of magnitude higher than that of 5T Ibi6-18). Ia contrast, N°P**
in was i miee proved 1o be & weaker inhibi

mmﬁwzznmmﬁ&r:m&vﬁ":m The mechanism by which bacterial heat-stable enterotoxins (ST I, ST,) cause diarrhea in humans and
e animals has been linked to the activation of an intestinal membrane-bound guanylate cyclase. Guanylin, a

o g S by s St of s o ke o o b oo Pecemtly discovered rat intestinal peptide, is homologous in structure to ST I and can activate guanylate cyclase
REETIAT IO TAT NTST TS W5l present on the human colonic carcinoma cell line T84. To directly test the mechanistic association of guanylate
TACTEEIIINE GE GPOE  IUNISEIANTENENAL  cyclase activation with diarrhea, we synthesized guanylin and a guanylin analog termed N°P'° guanylin and

B it et oA LT G e & Ay SR e Mg RAOIL IRk ROy WE & !
USSR TR ITIASTIET ENLICN Y compared their biological activities with those of a synthetic ST I analog, termed ST Ib(6-18). We report that

lar second messenger causing the cventual onsel of diarthea,  cause a diarmeal respanse in iafant mice (1), and (i)

o A e e ol s T S B guanylin is able to inhibit the binding of a radiolabeled ST I analog to rat intestinal cells but causes diarrhea

dumn.dmmn of guanylate cyclases acting as ST |

T o SR e A;:.?T.:;,T;;j“;“ﬁﬁm . in infant mice only at doses at least 4 orders of magnitude higher than that of ST Ib(6-18). In contrast, N°P?

g e S e e S wwm;,mwy- guanylin was enterotoxic in mice at much lower doses than guanylin but proved to be a weaker inhibitor of
2 e e o i L e radiolabeled ST I than guanylin in the receptor binding assay. The pattern of guanylate cyclase activation
form 5 S e i o e hen S 1 -,m s o o observed for ST Ib(6-18) and the two guanylin analogs parallels the results observed in the receptor binding
R ROy SO assay rather than those observed in the diarrheal assay. Treatment of guanylin with chymotrypsin or lumenal
EETRTS ST Do i SmEEEk e bt fuid derived from newborn mouse intestines resulted in a rapid loss of binding activity. Together, these results

that an increased production of intracellular cGMP is a
necessary step leading o watery diarthes. Recently, a
maturally occurnng peptide termed guanylin was isolated
from rat jejunum and was found 1w activaie a particulaic

ntical residucs arc ‘withia Sk Cratestl . . - .
sl s o ST WA (.0 A o Bl o F suggest that ST I enterotoxins may represent a class of long-lived superagonists of guanylin.
xkibic inbbiory ctvity n this experiment were furthr

- Comespoading author. analyzed. The homogencity, amino acid composition, and

Bausch Health Ireland Exhibit 2060, Page 1 of 6
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2060 at 4710

Patent Owner’s Resp. at 14; Ex. 2025 || 64
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STs Are Not Plagued by Topoisomerism

U.C. Marx One peptide, two topologies:

ifﬁm structure and interconversion
H. Gm;ch dynamics of human

P. Roscl LrEe

W.-G. Forssman uroguanylin isomers

K. Adermann

Kby Worgs: guaryiin heat-stble eATEBIoR: SOMENZLOn:
solustion stuscture; tapological sierecisome; uroguanyin

The known higher activation potency of ST may

be related to the additional disulfide bond which causes
a higher rigidity of its three-dimensional structure and,

e thus, a possibly more efficient interaction with the recep-

Futual issmiarization 3t 31°C with an equilbrium

leucine. These resuls imply that GC.C is activated by Igands tor
eshibiting the malecular framewoek camesponding to the structure .

WOESY cross peak; MOESY. WOE spectrascopy. RMSD, root.mean-

Bausch Health Ireland Exhibit 2010, Page 1 of 12
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2010 at 235

Patent Owner’s Resp. at 14, 33, 39; see also Ex. 2024 || 145-146, 215; Ex. 2025 ||| 46-47
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STs Outperform Human Uroguanylin: Potency and Affinity

United States Patent 1

Currie et al.

(A 10 000 0
USMOSIRIGTOA

(111 Patent Number: 5,489,670
(4351 Date of Patent: Feb. 6, 1996

[54] HUMAN UROGUANYLIN

[75] Tnveniors: Mark G. Currie, St Charles;

[73] Assignee: G. D Searle & Co.. Chicago, Il

[21]  Appl No.: 145,940
122] Filked:  Oct29, 1993
[S1] Mot CLE ... AGIK 3400: COTK SO0
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Astarney, Agens, or Firm—Denais A Bennety

157) ABSTRACT

A novel pepride is disclosed which is useful for the control
of imestinal fuid absorpiion and that bas the following

g A =il el

Al —The —Oh—Cp—Les
3

2 Clainas, 4 Drawing Sheets

MYLAN EXHIBIT - 1005

Mvlan Pharmaceuticals. Inc. v. Bausch Health Ireland. Ltd. - IPR2022-00722

Ex. 1005 at 6:13-15, Fig. 3A, 6:15-19, Fig. 3B; Ex. 2026 at 59:17-21

cGMP (fmoles/well)

Potency Binding Affinity

6
10 110
[ —0—38Ta
| —e—Human Uroguanylin S so-l
105, —C— Human Guanylin .
®2 704
I b=t
104, g s0-
E ]
E =
% 30
L wn
103, =
F 10
- -10 T T T T T r T
102 ) L f | L . 0 -10 -9 -8 -7 -6 -5
0 -10 -9 -8 -7 -6 Peptide], log (M)
Fig. 3A Fig. 3B

BLAKE ROBERT
PETERSON, Ph.D.

Q. Based upon Currie's disclosure,
quantitatively, how much less effective is
human uroguanylin than STa at stimulating
cyclic GMP?

A. In this particular experiment, it appears to
be about tenfold less potent.

Patent Owner’s Resp. at 15-17, 34; see also Sur-Reply at 25; Ex. 2024 111 93-94; Ex. 2025 Y 74-75
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STs Outperform Human Uroguanylin: Potency and Affinity

. The
rank order of potencies for agonist-mediated stimulation of

chloride secretion was ST > uroguanylin > guanylin at acidic
S e Eoe e BAE R el e pH and ST > guanylin > uroguanylin at an alkaline pH (Fig.
L, KEs s “- 3

Proc. Nail
YL %6 g 7 55 0, Mareh 1097

Cuwt, Mank G. CURRIE'S, AnD LeoNARD R. Forte*i1

et L . The relative potencies of uroguanylin, guanylin, and ST-
= (5-17) in the stimulation of transepithelial chloride secretion
et . T across monolayers of T84 cells at acidic versus alkaline pH
matched their relative potencies for stimulation of cGMP
levels under these conditions.

boeated s ll\e mucosal surface of enterocytes. High mucosal ylation state and chloride channel M:w
ucidity, similar (o the pH occurring within the fluid micro:  {ransmembrane conductance regulal
clmale domain  the wocossl vertse of the fatmine i located with the recepters for mgua
markedly enhances the cGMP accumulatiar ,.q‘ ides (14-16)

Buman intestinal cells to u r-g-mmn comirat,a macosl nylin
ucidity of pHl 5.0 renders guanylin essentially inactive.

cells were -

o, et nd a0 ikatns p“
o560 puamlin i Empﬂlnllhll m'un,llnl o stismuating
GMP

ide secretion. The rtuiv aifnbies of wropanyin = m
guanylin for binding to receptors on the mucosal surf:

T4 el nflucnced dramatialy by ool sy, -m«n
axplal fthe cGMP

E. coli ST-(5-17) binds with extraordinarily high affinities to
the uroguanylin/guanylin receptors on the apical surface of
T84 cells and potently stimulates cGMP production and chlo-
ride secretion at both alkaline and acidic pH.

P
umguanvuu These changes in
plained by corresponding directional shifis in th
uanyin and urogLanyin §
guanylin

\mrlllg pnﬂ\p i lf;: m:mnm' ;'a"r.‘;‘i.'e'“’w..m.. of The
sERIALS 0 ETHODS remarkable potencies of ST peptides compared with the

€GMP Accumulation Assay in T84 Cells. T84 cells were
cultured in 24-well plastic dishes, and the cGMP levels were

potencies of the enteric hormones is caused by higher affinities
for ST binding to the intestinal receptors for uroguanylin and

(g e S p—— figripel s Looasrd R E e S M T ey
MYLAN EXHIBIT - I02I 1'
Mylan Pharmaceuticals, Inc. v. Bﬂusch Health Ireland, Ltd. - IPR2022-00722 guany ln-

Ex. 1021 at 2706-07, 2710

Patent Owner’s Resp. at 16-17, 34; Ex. 2024 1Y 96-98; Ex. 2025 1] 76
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Petitioner’s ST Diarrhea Concerns Are Unfounded

T T
United States Patent wi P n
ot

uuuuu e Pathogenic strains of E. coli and other bacteria produce a
2 family of heat stable entertoxins (STs) that activate intestinal
guanylate cyclase. STs are acidic peptides 18-19 amino
acids in length with six cysteines and three disulfide bridges
that are required for full expression of bioactivity (7). The
increase of intestinal epithelial cyclic GMP elicited by STs
is thought to cause a decrease in water and sodium absorb-
tion and an increase in chloride secretion (8,9). These
changes in intestinal fluid and electrolyte transport then act
to cause secretory diarrhea. In developing countries, the
diarrhea due to STS is the cause of many deaths, particularly
in the infant population (10). STs are also considered to be
a major cause of traveler’s diarrhea in developed countries
(11). STs have also been reported to be a leading cause of
ﬁ morbidity in domestic animals (12).

Puribeation, ¢DNA sequence, and tissue distribution of rat

[ ety e i o 8 Exposure to high levels

of toxin, as occurs during acute bacterial infections,
triggers non-physiological movement of electrolytes, and
produces a watery diarrhea that can lead to dehydration
and death.

e 3 e vl

Such an increase is
not observed when synthetic guanylin, synthetic
uroguanylin, or commercially-purified STa are incubated
under similar conditions (Fig. 3)

Ex. 1005 at 1:31-44; Ex. 1006 at 45, 51; Ex. 2069 at 17:25-18:6, 19:4-7
Patent Owner’s Resp. at 36; see also Sur-Reply at 7; Ex. 2024 1] 139; Ex. 2025 {{ 70-73

Chemotherapy at a high dose will destroy
normal cells, correct?
* %k

THE WITNESS: It -- it depends incredibly
on the nature of the chemotherapy you are
describing. At a high dose, water can be
toxic. Any, any compound can be toxic at a
high enough dose.

. Well, lowering the dose of an active

ingredient generally decreases side
e e ESEC O EEE C T

* k%

THE WITNESS: That can be true.
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Currie Selected a Prior Art ST for Commercial Development

. Are you aware that Dr. Currie selected a prior art
enterotoxin and modified it to make linaclotide

BLAKE ROBERT ] : 5]
PETERSON, PhD. which became marketed as Linzess-

A. Yes, I'm aware of that.

Ex. 2069 at 16:3-6

Patent Owner’s Resp. at 24, 37; Sur-Reply at 7; Ex. 2024 ] 92, 99, 141
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A POSA Would Not Have Been Motivated
to Substitute Asp?3 with Glu® with Any

Reasonable Expectation of Success

17
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Marx: Isomerism Not Affected by N-Terminal Region

U.C. Marx

1. Klodt

M. Meyer

H. Gerlach

P Résch

W.-G. Forssmann
K. Adermann

I nambguous s

One peptide, two topologies:
structure and interconversion
dynamics of human
uroguanylin isomers

Kby Worgs: guaryiin heat-stble eATEBIoR: SOMENZLOn:
solustion stuscture; tapological sierecisome; uroguanyin

Abstract: The peptide harmone uroguanybn stimulates chloride
secretion via activation of intestinal guanyyl cyclase € (GC-0. s
characiarived by two disulfide bonds in a 1-¥2 & patter that
causes the exstence of two topological sterecssomers of which
CGMP slevation. Ta obtain an

ion relationibup of the isomers, we

only one induces

determined the solution struciureof the separated uroguanylin
soforma uaing NUR spectroicopy Roth isomers adopt weil-defmed
Structures that eoirespond 15 these of the isomers o the related
peptide quanyiin, Furthermore, the structure of the GC-C-
acthvating urpguanylin isomer A closely resembles the stnucture of
the agonistsc Excherichis coR heat stabie entesatonn. Compared
somers of
wraguanylin iomens i retarded signicantly. At judged from
chiomatagraphy and Wy spectroscopy, both roguanylin
iscforms are stable at low temperatures, but are subject 1o & skaw

it (semarization at 3°C with an equebium
isormer satio of apprasmately 1:1. The canformationsl exhange
most Weely under the stencal control of the carbory terminal
leucine. These results imply that GC-C is actvated by Igands
eshibiting the malecular iramework comespanding to the structure
of uraguamylin isomer A

Abbreviations: cGMP, cyckc 3',5'-guanosire monaphosphate.
Clean-TOCSY, TOCSY with suppression of NOESY-type cross peaks;
DG, distance geometry; DOFCOSY. double-quantum fitered COSY:

Ex. 2010 at 236

Patent Owner’s Resp.

055 g

cyclase C: JA-NOESY 20 NOESY spectrum acguired with 8 ump-
retum cbrerve pulse; M, molecular dyramics; NMR, mucear
magretc resoance: NOE. nuckear Dremauser effect, aiic used for
WOESY cross peak; MOESY. WOE spectrascopy. RMSD, root.mean-

239

Bausch Health Ireland Exhibit 2010, Page 1 of 12
Mylan v. Bausch Health Ireland - IPR2022-00722

at 39, 59; see also Sur-Reply at 26; Ex. 2024 | 147

The slow development of the equilibrium between
uroguanylin isomers at alkaline pH indicates that the ion
ization state of the isomeric molecules strongly influences
the kinetics of transition between the isomers of
uroguanylin 16 and uroguanylin 24. Thus, the terminal
carboxyl, ionizable side-chains of Asp2, Asp3 and Glus,
or those groups able to form intrachain hydrogen bonds,
may be involved in the control of stabilization of the two
isomers. A fter 3 days at alkaline pH, both isoforms decom-
posed because of disulfide exchange. Comparison of the
conversion of uroguanylin 16 isomers with the isomers of
the N-terminally extended uroguanylin-24 resulted in
identical kinetics for isoforms A and B at a pH of 4.5 and
7.7 for both peptides (Fig. 6C). This result clearly demon-
strates that the isomerization is not affected by the amino-
terminal region of uroguanylin.

Bausch Health Ireland Exhibit 2071, Page 18 of 78
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Marx: Disulfide Bonds Address Topoisomerism

U.C. Marx One peptide, two topologies:
L"i‘;‘:; s structure and interconversion
H. Gerlach dynamics of human

P. Résch ]1 =

e uroguanylin isomers

K. Adermann

Kby Worgs: guaryiin heat-stble eATEBIoR: SOMENZLOn:
solustion stuscture; tapological sierecisome; uroguanyin

Abstract: The peptide harmone uroguanybn stimulates chloride
secretion via activation of intestinal guanyyl cyclase € (GC-0. s
characiarived by two disulfide bonds in a 1-¥2 & patter that
causes two topologKal wheh

Furthermore, the structure of the GC-C-

activating uroguanylin isomer A closely resembles the structure of
the agonistic Escherichia coli heat-stable enterotoxin.

s At ‘o apprasmately 11, The contormational exhange i
most Bkely under the stencal contral of the carbaiy-termingl
leuine. These resuls imply that GC.C is activated by lgands
eshibiting the malecular iramework comespanding to the structure
of uraguamylin isomer A

Abbreviations: cGMP, cyckc 3',5'-guanosire monaphosphate.
Clean-TOCSY, TOCSY with suppression of NOESY-type cross peaks;
DG, distance geometry; DOFCOSY. double-quantum fitered COSY:
055 4 acid: GC-C. guanyit
cyclase C: JA-NOESY 20 NOESY spectrum acguired with 8 ump-
returm observe pulse; MD, molecular dynamics; NMR, mudear

magaetc resonance: NOE, nuciear Overhauser effect, iso used for
WOESY cross peak; NOESY. NOE spectroscopy, RMSD, root.mean-

239

Bausch Health Ireland Exhibit 2010, Page 1 of 12
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2010 at 229, 235

Theknown higher activation potency of ST may
be related to the additional disulfide bond which causes
a higher rigidity of its three-dimensional structure and,
thus, a possibly more efficient interaction with the recep-
tor. Structure calculations of uroguanylin-16 with an ad-
ditional distance restraint between protons that occupy
the positions of fictitious sulfur atoms of a third disulfide
bridge between residues 3 and 8 show that a third disul-
fide bridge is possible for the A form structure without
distortion of the peptide backbone. The same calculation
for the B form resulted in a higher overall energy of these
structures and a slight violation of the additional fictitious
distance restraint, indicating that a third disulfide bridge
for the B form structure could be possible but needs a
higher distortion of the peptide backbone |data not shown).
A third disulfide bond apparently would lead to a prefer-
ence of a structure similar to the A form isomer that was
found for ST (22).

Patent Owner’s Resp. at 14, 39; see also Sur-Reply at 11; Ex. 2024 1] 90-91; Ex. 2025 {{] 66-67
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Petitioner's Conservative Substitution Theory Fails

137. When preparing synthetic analogs to human uroguanylin, a skilled
artisan would have had good reason to look first to making conservative changes to

the peptide. The target receptor, as Currie discloses, is part of a “group of proteins

EX1002, §1132-38, 142, 155. As Professor Peterson that share structural characteristics relative to the enzymatic function of producing
explains, a skilled artisan would have expected this particular conservative cyclic GMP, but differ quite remarkably in their selective activation by ligands.”
substitution to retain excellent receptor-activating activity. EX1005, 1:7-11. Thus, as Currie notes, the guanylate cyclases are only selectively

activated by their ligands. Moreover, as described above in Section VII, skilled

artisans routinely began analog synthesis with conservative substitutions to avoid

causing immunogenicity or ablating activity altogether.

A lead compound 1s “‘a compound in the prior art that would be most
promising to modify in order to improve upon its . . . activity and obtain
a compound with better activity.’”

Pet. at 36; Ex. 1002 9 137; Otsuka Pharm. Co. v. Sandoz, Inc., 678 F.3d 1280, 1291 (Fed. Cir. 2012)

Patent Owner’s Resp. at 3, 41-42; see also Sur-Reply at 12
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Conservative Substitution Would Not Enhance Functionality

Q. Sure. Why would a person of ordinary skill in the art not

expect a conservative substitution to enhance functionality?
* % %

BLAKE ROBERT THE WITNESS: A conservative substitution, generally speaking,

PETERSON, I has a minimal effect on biological activity, but in some cases
can enhance biological activity, or reduce biological activity;
but typically a person of ordinary skill in the art would make
a conservative substitution to modulate biological activity.

= Dr. Peterson also admits that “screening approaches...are
not considered as rational”

Ex. 2026 at 47:3-14; Ex. 2069 at 15:5-8

Patent Owner’s Resp. at 22, 42; see also Sur-Reply at 12; Ex. 2024 { 153
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Jonson: Asp-Glu Is Not a Conservative Substitution

Protein Enginering vol.14 o yp.397-402, 2001

A critical view on conservative mutations

Per Harald Jonson and Steffen B.Petersen!

Biostructure and Prowein Enginecring Group, Depasiment of Life Sciences.
Aalbary University !uhwm-lm»gn DK-2000 Aalborg, Desmark
o wham cocrespoadence should be sddressed. E.mail: spé@bio ave k.

By analysing the surface composition of & set of protein
3D structures, complemented with predicted surface com-
positionl information for homologous proteins, we have
found significant evidence for a lay { protein

also been previously investigated (Burley and Pewsko, 1985;
Bryant and Amzel. 1987; Miyazawa and Jemmigan, 1993;
Pewersen ef al. 1999). Further, spatial contacts have been
studicd to derive contact potentiaks for the different amino
acid interactions (Brocehier and Karlin, 1995; Miyazawa and
Jemigan, 1996, 1999). The comman ssrategy is 10 study the
number of cantacts within a given distance cut-off. However,
mt Immmn seems devoid of imvestigations of distance-

nl and also of repons wtilizing the embedded

struetures, In the innermost and outermost parts of proteins
there is @ net negative charge, while the middle has a net
positive charge. In addition, our findings indicate that the
concept of conservative mutation needs substantial revision,
eg. very different spatial preferences were found for
glutamic acid and aspartic acid. The alanine screening
often used in protein engineering projects involves the
substitution of residues (o alanine, based on the sssumption
that alanine is a ‘neutral’ residue, However, alanine has a
high pegative corvelation with all but the non-polar res-
idues. We therefore propose the use of, for example, serine
for the

‘with alanine.

e o accessibility of the residucs involved.

A two-siate prediction of solveml accessibility corselalion
between hydrophobicity, buried contact propensity and the
location in the prediction window has been reported
(Mueehiclli Giosgi er al.. 1999). Howeves, it does Bot deseribe
any correlation between individual residue distributions

It is impostant 1o be able to discriminste between correctly
folded and misfokded madel structures. It has been pointed
out that potential encrpy-based methods do not discriminate
well between folded and misfolded structures. However, struc-
wural fearures such as busied polar surface (Overingion ef al.,
1992) and number of polar contacts (Bryant and Amzel, 1987;
Golovanov et al., 1999) have proven valuable

gt hgdi

the of mutations

Keywords: amino acid i
accessibility/spatial contactvstructura] preference

Introduction

Upon fakding of a peptide chain into a 3D protein structure,
some residues are transferred from a polar environment o a
more mompolar environment in the interior of the folded
peatein. This transfer is driven by the thermodynamic praperties
of the smino acids and the solvent. Throughout molecular
evolution nafure has selected for suitable function and stability
of the resulting protein, For small 1o medium sizsd protsins
in the folded structurc—oaly a few residues ase totally buricd
(Chothia, 1976; Miller ef al., 1987, Petersen of al., 1998),
whereas most residucs are only partially buried, The variation
in solvent aceessibility is dependent on the propertics of the
residuc in question and is reflected in the amino acid composi-
tion throughout the protein structure, These differences in the
salvent accessibility profike have found wide applications in
oo stucure peition methods (Holbeook o ol 1990
Rost and Sander, 1994; Thompson and Goldstein, 1996). Also,
the e of environment specific substitution matrices (Dionnclly
et al.. 19%4; Wako and Blundell, 1994) have proven valuable
The sequential neighbourbood of amino scids has been investi
gated previously (Vondervisat ef al., 1986) and its use has
been found in, for example, loop prediction (Wojcik e1 al..
1999) and secondary siructure prediction (Chou and Fasman,
1978; Chandonia and Karplus, 1999; Jones, 1999). No signific-
ant correlation between residues sequential neighbour prefer-
ence was discovered.

The spatial neighbourhood around individual residues has

© Oxord University Fres

is frequently used. The general ide is that  substitution of
an amino acid with another amina acid with similar physico.
chemical properties will mot influence the stability and function
of the protcin. The present paper shows that the spaial
preferences for similar residues can be deamatically different
in protein srucures under similar circumstances G this
context solvent accessibility).

The results of the neighbour analysis will be valuable in
‘muodel validation, as 3 ol for seructure prediction and especi-
ally as a guide in the scarch for stability enhancing mutations.

Methods

The sequences used are a subset of the 25% sequence ideatity
se1 of mon-homelogous structures (Hobohm e al.. 1992:
Hobohm and Sander, 1994) derived from the protein strusture
datsbank PDB (Bemmsicin «f al, 1977). Only single=chain
peotein sequences were used. The resulting dataser eonsisted
of 336 single-chain sequences with a maximum pairwise
sequence idenity of 25%. The subsct was expanded thicagh
the use of the corresponding HSSP-files (Dodge et ol 1995).
The total data set contained £379 aligned sequences and
1 415 986 residues. This comespands lo 6.7% of all residues
in version 34 of SWISS-PROT (Bairoch and Apweiler, 1997).
‘The length of the sequences was between 64 and 1017 resadues.
The resolution of the X-ray structures used varied between
L0 and 300 A. with an average of 20 A. Funher. the
subset contzined 31 structures solved by NMR. However, all
hydrogen-atom co-ordinates were discarded. To chock for a
possible biae introduced by the use of the homologoas
sequences the compleic analysis was done with and without the
aligned sequences. No sigaificant differences were observed,

397

In addition, our findings indicate that the
concept of conservative mutation needs substantial revision,
e.g. very different spatial preferences were found for
glutamic acid and aspartic acid.

The present paper shows that the spatial
preferences for similar residues can be dramatically different
in protein structures under similar circumstances (in this
context solvent accessibility).

The common belief that
a glutamic acid to aspartic acid mutation is conservative is
contrary to the observations shown.

Bausch Health Ireland Exhibit 2035, Page 1 of 6
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2035 at 397 (Abstract), 400

Patent Owner’s Resp. at 20; see also Sur-Reply at 12; Ex. 2024 || 153-156
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Jonson Reflects a Systematic Study of Over 1.4M Residues

Protein Enginering vol.14 o yp.397-402, 2001

A critical view on conservative mutations

Per Harald Jonson and Steffen B.Petersen’

Buostructure and Prosein Engineering Group, Depestment of Life Sciences.

Aalbory University. Sohngaandcwolmsvej 43, DK-9000 Aalborg, Deamark

o wham cocrespoadence should be sddressed. E.mail: spé@bio ave k.

By analysing the surface composition of a set of protein

3D structures, complemented with predicted surface com-

pestional Iforuation ot bonvologius prtets, we e
found significant evidence for a lay { protein

also been previously investigated (Burley and Pewsko, 1985;
Bryant and Amzel. 1987; Miyazawa and Jemmigan, 1993;
Pewersen ef al. 1999). Further, spatial contacts have been
studicd to derive contact potentiaks for the different amino
acid interactions (Brocehieri and Karlin, 1995; Miyazawa and
Jemigan, 1996, 1999). The comman ssrategy is 10 study the
number of cantacts within a given distance cut-off. However,
ﬂ|t literstuse seems devod of investigations of distance-
o

structures. In the innermost and outermost parts of proteins
there is @ net negative charge, while the middle has a net
pasitive charge. In addition, our findings indicate that the
concept of conservative mutation needs substantial revision,
eg. very different spatial preferences were found for
glutamic acid und aspartic acid. The aknine screening
often used in protein engineering projects Involves the
subbstitution of residues o alanine, based on the wssumption
that alanine is a ‘neutral’ residue. However, alanine has a
high negative correlation with all but the non-polar res-
idues. We therefore propose the use of, for example, serine
for
with alanine.

and also of repons wtilizing the embedded
e o accessibility of the residucs involved.

A two-siate prediction of solveml accessibility corselalion
between hydrophobicity, buried contact propensity and the
location in the prediction window has been reported
(Mueehiclli Giosgi er al.. 1999). Howeves, it does Bot deseribe
any correlation between individual residue distributions,

It is impostant 1o be able to discriminste between correctly
folded and misfokded madel structures. It has been pointed
out that potential encrpy-based methods do not discriminate
well between folded and misfolded structures. However, struc-
wural fearures such as busied polar surface (Overingion ef al.,
1992) and number of polar contacts (Bryant and Amzel, 1987;
Golovanov et al., 1999) have proven valuable

gt hgdi

Keywords: amino acid i
accessibility/spatial contactvstructura] preference

Introduction

Upon fokding of a peptide chuin into a 30 profcin strcture,
some residucs e transferred from a polar covironment. 1o &
more mompolar environment in the interior of the folded
protein. This transfer is driven by the themmodynaic properties
of solvent. Throughout molecular
evolution nature has selected for suitable function and stability
of the resulting prosein. For small to medium sized proteins
in the folded structurc—oaly a few residues ase totally buricd
(Chothia, 1976; Miller ef al., 1987, Petersen of al., 1998),
‘whereas most residues are only partially buried. The variation
in solvent aceessibility is dependent on the propertics of the
residuc in question and is reflected in the amino acid composi-
tion throughout the protein structure, These differences in the
solvent accessibilify profike have found wide applications in
oo stucure peition methods (Holbeook o ol 1990
Rost and Sander, 1994; Thompson and Goldstein, 1996). Also,
the e of environment specific substitution matrices (Dionnclly
et al.. 19%4; Wako and Blundell, 1994) have proven valuable
The sequential neighbourbood of amino scids has been investi
gated previously (Vondervisat ef al., 1986) and its use has
been found in, for example, loop prediction (Wojcik e1 al..
1999) and secondary siructure prediction (Chou and Fasman,
1978; Chandonia and Karplus, 1999; Jones, 1999). No signific-
ant correlation between residues sequential neighbour prefer-
ence was discovered.

The spatial neighbourhood around individual residues has

© Oxord University Fress

the concept of mumtions
is frequently used. The general ides is that a substitution of
an amino acid with another amino acid with similar physico-
chemical properties will not influence the siability and function
of the protcin. The present paper shows that the spatial
preferences for similar residues can be dramatically differcal
in protein sructures under similar circumstances Gn this
context solvent accessibility).
The results of the neighbour analysis will be valuable in
‘model valldation, a5 a wol for structure predictivn and especl-
ally as a guide in the scarch for stability enhancing mutations.

Methods
The sequences used are a subset of the 25% sequence ideatity
se1 of mon-homelogous structures (Hobohm e al.. 1992:
Hobohm and Sander, 1994) derived from the protein sirusture
databank PDB (Bemnsicin «f al., 1977). Only single-chuin
protcin sequences were used. The resulting dataset consisied
of 336 single-chain sequences with a maximum pairwise
sequence identity of 25%. The subsct was cxpanded through
the s of e ccomsponcing HSSP.fies (Dodye o o 159)
The total data set contained 8379 aligned sequences and
1415 986 sesidues. This comesponds to 6.7% of al residucs
in version 34 of SWISS-PROT (Bairoch and Apweiler, 1997).
‘The length of the sequences was between 64 and 1017 resadues.
The resolution of the X-ray structures used varied between
L0 and 300 A. with an average of 20 A. Funher. the
subset conizined 31 structures solved by NMR. However, all
hydrogen-atom co-ordinates were discarded. To chock for a
passible bias introduced by the use of the homologous
sequences the compleic analysis was done with and without the
aligned sequences. No sigaificant differences were observed,

397

The sequences used are a subset of the 25% sequence identity
set of non-homologous structures (Hobohm er al., 1992;
Hobohm and Sander, 1994) derived from the protein structure
databank PDB (Bernstein et al., 1977). Only single-chain
protein sequences were used. The resulting dataset consisted
of 336 single-chain sequences with a maximum pairwise
sequence identity of 25%. The subset was expanded through
the use of the corresponding HSSP-files (Dodge et al., 1998).
The total data set contained 8379 aligned sequences and
1 415 986 residues.

Bausch Health Ireland Exhibit 2035, Page 1 of 6
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Ex. 2035 at 397

Sur-Reply at 12
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e Enormous

Options for Human Uroquanylin

Asn— Asp—Asp—Cys—Glu—Leu—Cys—Val — Asn—Val— Ala— Cys—Thr—Gly = Cys~—Leu
1 5 10 15

= Even utilizing only the 20 naturally-occurring amino acids at
each position, the number of potential substituting options is
approximately 2016

= Even leaving the disulfide bonds undisturbed, the number of
potential substituting options is still approximately 2012

Patent Owner’s Resp. at 16; see also Ex. 2024 {] 158
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Mylan v. Bausch Health Ireland - [PR2022-00722



Petitioner’s Own Argument Leads Away from Plecanatide

Q. Based upon Li's teachings with respect to opossum
uroguanylin, what, 1f any, modification to human
uroguanylin would a person of ordinary skill in the

mAmRmEm art have been motivated to make?

PETERSONFE® A The person of ordinary skill in the art would have

been motivated to study changing those aspartic

acids at positions 2 and 3, the glutamic acids,
based on the homology to a opossum and rat
uroguanylin.

= This compound is the unclaimed SP-302 in the '786 patent

Ex. 2026 at 67:23-68:6

Patent Owner’s Resp. at 45

Bausch Health Ireland Exhibit 2071, Page 25 of 78
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Li Teaches Modifications to Rat, Not Human, Uroguanylin

Purification, cDNA sequence, and tissue distribution of rat uroguanylin

REGULATORY

PEPTIDES

The affinity of GCC for uroguanylin (opossum or
puific human) is about 10-fold higher than its affinity for
guanylin (rat or human) [28,29]. Thus, features that are
memwort  found in uroguanylin, but not in guanylin, offer infor-
mation about structural elements that specify the strength
of the ligand/receptor interaction. Of particular interest are
two residues that are basic or uncharged in guanylin but
. acidic in uroguanylin (stippled arrowheads), and one

s “:

ol
ELSEVIER

rat uroguanylin
opossum uroguanylin
human uroguanyl! in
rat guanylin
opossum guanylin
human guanylin
mouse guanyl in

. residue that contains an aromatic ring in guanylin but an N T E Coli STa
- acid amide in uroguanylin (solid arrowhead). At all three
positions, our duodenal peptide follows the consensus
sequence of uroguanylin rather than that of guanylin, and
Lmewae thus we would expect its affinity to be comparable to that It will be parti cularly of interest to determine
o= of opossum or human uroguanylin. Dose/response curves - - i
£t with synthetic rat peptide will be required to test this idea whether the three extra N-terminal amino acids that
: directly. It will be particularly of interest to determine disti ish ified ide fr 11 : 1
‘o whether the three extra N-terminal amino acids that StlIlgl.llS our puriiie rat peptl € Irom all previously-
disinguish gur; puritied ;ratpeptide from all previonsly- purified uroguanylins have a significant effect on binding

purified uroguanylins have a significant effect on binding

= affinity. affinity.

0167.0113/57/81700 © 1897 Ehevier Seiemce BV Al Aghts reverved

P .sulo?-nluwolu!mjw MYLAN EXHIBIT - 1006
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd. - IPR2022-00722

Ex. 1006 at 45 (Title), 52, 54

Patent Owner’s Resp. at 46-47; Ex. 2024 q{] 74-78
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Li: Rat Uroguanylin Is Far Less Potent than Opossum Uroguanylin

REGULATORY

PEPTIDES

bl
ELSEVIER Regulsory Peptides 64 (1997) 4555
Purification, cDNA sequence, and tissue distribution of rat uroguanylin

Zhiping Li*, Ashley G. Perkins, Matthew F. Peters, Michael J. Campa, Michael F. Goy

of North Caraling, Chapet Ml NC 27599, LSA

Degretracnt of Physiotogy and Center for Gastroistestinal Bioiogy and Discase at the

Beceived 29 Junc 1996; revised 17 October 1996; acceptod 31 October 1996

Abstract

Guanylin, & peptide purificd from rat jejanum, is thought 1o regulate water and electrolyte bakance in the iniestine. We show bere, using
‘& combiration of Nosthe blots, Westenn blots, and finctional assays, that guanylin and it recepior (GCC) are not diswibuted in paralicl
within the rat intestine. Ta invessigate the possibility that there might be @ second intestinal peptice that serves as a ligand for GCC, we
assayed tissue extracts far the ability to stimulale cyclic GMP synthesis i 8 GCC-expressing cell lme. Duoderal extracts dsiplay  peak
of biological activity that is not present in colon and that does pot comigrane with guanylin or proguanylin. The activity co-purifies with a
nowel peptide {TIATDECELCINVACTGE) that has high homology with wroguanylin, o peptide initislly purified from bu
opassum urise. A rat uroguanylin <DNA close was found to encode a peopeptide whase C-terminus cocresponds ta our purified peptide.
Nonthern blots with probes generated froem this clone reveal that prouroguanylin mRNA is stongly expressed in prosirsal small intestine,
but virmually absent from colon, corrobarating our biochemical measurements. Taken together, these studies demomstrate an intestinal
ocigin for ueoguanylin, and shaw that within the intestine is distribution is complementary to that of gusnylin, € 1997 Elscvier Science
BN,

Keywords: GCC; STa receptor; CFTR; Guanylin: Uroguasylin

L. Introduction

A considersble body of evidence supports a role for the
cyclic GMP pathway in the control of ion transpont in the
gastrointestinal tract. Elevation of intracellular cyclic GMP
levels in intestinal epithelial cells enhances secretion of
«chloride into the intestinal lumen (1), and diminishes
absorption of sodium and chloride [2). The combination of
increased secretion and decreased absorption elevates the
osmolarity of the lumen, and drives the luminal accumuli-
tion of water. This mechanism was initially idemified
because it can be induced by heat-stable enterotoxin
(STa)', an 18 amino acid peptide secreted by pathogenic

"Comespunding authar. Tel: +1 919 9666993 fax: +1 919
D92 ¢ sl AL G 0%
"The abéecviations wed are: STa. hestsmble enterosoine GCA.
guanylae cyclase type A GCR, gumlae cyclse ype B; GEC,
uany e eyelass Iype ) HESS, Hanks' baflered sa0 solution; 1BMX,
sabutyl-|-cscthy luanthine; TFA. rifluorsacetic scid; TCA, michkoeo-
acetc acid; BSA, bavins serum albwmin; RIA, radisimmunassay.

01670113/57/51700 © 1997 Elaevier Science BY. Al rights reserved
PIFS0161-0115(96)02103-3

strains of Escherichla colf [3-5). Exposure to high levels
of toxin, as ocours during acute bacterial infictions,
tiggers non-physiological movement of elecuolytes, and
produces 3 watery diarhea that can lead 10 dehydration
and death.

When the STa reeeptor was cloned from a small
intestinal cDNA library [6], it was found 10 belong o a
family of receplors that contain endogenous guanylate
eyclise (GGC) acivity. Two other members of this family
are the matriuretic peptide receptors, GCA and GCB [7].
Because the STa receplor was the third such receptor
cloned, it was named GCC. All members of this family
contain: (2) an intracellular catalytic domain responsible
for the convession of GTP to eyclic GMP, (b) an intracellu-
lar regulatory domain that controls the activity of the
catalytic domain, (c) a single transmembrane domain, and
@) an cxtracelular receptor domain that provides an
agonist binding site [7]

These findings led to the hypothesis that GOC serves as
a receplor for one or more endogenous ligands in the GI

MYLAN EXHIBIT - 1006

Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd. - IPR2022-00722

Ex. 1006 at 49 (Fig. 3)

Fig. 3. Preincubation at 37°C enhances the activity of HPLC column
fractions, but not of synthetic guanylin or uroguanylin. The bars show the
mean level of cyclic GMP (£SEM or range) in T84 cells after exposure
to the indicated stimuli. Each stimulus was either held at 4°C (OJ) or
incubated at 37°C (M) prior to applying it to the cells. The numbers used
to identify the HPLC fractions correspond to (i) the figure in which the
pertinent HPLC run is shown and (ii) the appropriate fraction number(s)
from that column run.

opossum
uroguanylin

rat uroguanylin

Patent Owner’s Resp. at 46-47; see also Sur-Reply at 13, fn. 3; Ex. 2024 {75, 79
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Rat Uroguan

FEBS 10675

FEBS Letiers 421 (1%98) 27 31

Topological isomers of human uroguanylin:
interconversion between biologically active and inactive isomers

Naovoshi Chino®*, Shigeru Kubo®, Tetsuya Kitani®, Takuya Yoshida®, Ryosuke Tanabe®,
Yuji Kobayashi®, Masamitsu Nakazato®, Kenji Kangawa®, Terutoshi Kimura®
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Received 21 Octaber 1997; revised version received | Decersber 1997

Abstract The solution structures of the two compounds of
wroguanylin (I and 11), which were generated during

disulfide hﬂi forming reaction, were found to be topological
isomers by | Hawclear magnetic resonance spectroscopy.
mllm‘wﬂ“\llwm‘llnmmum

with the pH. and femperaturc of he solution. Becawse

Iwum-lbeﬁ“?mwum ‘bt compoand 11 is not,

this interconversion may be wschul for cvaluating the activity of
haman uroguanylin both in viro and in vitre.,
© 1998 Federation of European Biochemical Societics.

Key words: Uroguanylin: Guanylin: Topologkal isomer:
Intercoaversion; HPLC analysis; Biological activity

1. Introduction

uanylin and guanylin were discovered as endogenous
¢ hormonss 0 mammals based upon thels structure
ilarity to heat stable enterotoxins (STs) secrcied by patho
genic bacteria. The peimary structures of uroguanylin and
guanykin from human, rat (mouse) and opossum have been
reported as being comprised of 15 or 16 amino acid residues
[1 5J; the human and rat peptids sequences are shown in Fig
1. The sequence similasity among them is high and four Cys
residues in all the peptides are conserved. These Cys residues
participate in the formation of the two intramelecular disul
Fde linkages. ome between Cys* and Cys'® and the ather be
tween Cys* and Cys®®, Uroguanylin and guanylin, as well as
ST, are reported to be involved in the regulation of salt and
water transport in the intestinal tract and kidney. In addition,
these peptides are known 1o stimulate cGMP production by
activating the guanylyl cyclase € in both enterocytes and T84
wolon sancer colls. Therefore, endogenous uroguanylin and
puanykin arc suggested to play important roles in intestinal
and renal dysfunction and salt dependent hypertension [6].
In our previous paper on the chemical synthesis of human
uroguanylin using & twe step selective disulfids forming meth
od, two compounds (1 and 11} were found 1o be gencrated
upon analysing the second disulfide bond forming reaction

*Correspoeding author. Fax: +81 (127) 29 4124,
E mai: chigo@prL.or jp

At ST beat skl sstrotonin: oOMP, s -5 g

MDD mol
square deviation; GénMCl, gaanidine hydrochloride:
ethyimalcimids; TFA. irflaaroacetic acid; DMSO, aumuul lside

by reversed phase high performance liquid chromatography
(RP HPLC) at 40°C [7). A typical chromatogram for the scp
aration of a 1:1 mixture of these compounds is shown in Fig.
2. We have so far clarified the following characteristics for
compounds [ snd 11: (i) sash compound can be isolated to
a punity greater than 99% as determined by RP HPLC; i}
Toth have identical primary stracturcs, mokecular weights and
disulfide connectivity paterns according 1o examination by
suitable analytical methods: and (iil) significant differences
etween them in the optical rotation value and their
bialogical activity, During the course of our previous study,
Skelton et al. reported that twes clearly separable signal con
nectivities were detected in the analysis of the amino teemi
nally extended or deleicd human guanylin derivatives by nu
clear magnetic resonance (NMR} spectroscopy. Based on
these observations and structural refinements, they proposed
that the heterogensity of the NMR signals of human guanylin
derivatives originated from the topalogical isomerism of the
peplide, shhough such isomers were wnseparable on RP
HPLC under the various analytical conditions used []. In con
trast, we found in a previous study that human des Leu'® uro
‘guanylin and rt guanylin, both of which terminate the peptide
chains at the fourth Cys residue like human guanylin, were
ed a5 two base line scparable peaks on RP HPLC when
he analytical temperature was decreased to 8°C, although these
‘peptides were eluted in s broad but single peak a1 40°C [7). From
these abservations, we assumed that the two well scparable hu
‘man uroguanylin compounds on RP HPLC were similar topo
Jogical isomers with respect 10 the peptide backbone s reported
for human gusnylin derivatives. Howevee, this assumption re
quired definite confirmatian by experimental evidence
T the presen sy, we analyzed the solution structures of
both compounds by NMR in an aqueous medium fo gain
further insight into the characteristics of the isolated com
pounds I and Il of human uroguanylin. We report here con

Human Uroguanylin: wc\:'EL;wm;wcL
Human Gusnylin:  FECEICRYARCTIE
Rai Uroguanylin:  TOECELCTWACTGE
Rat Guanylin:  FINICE ICAYARCTIE
Fig. 1. Primary structures of buman and ral uroguamylin

g
nylin, Two ingamelecuiar disulide Rakages are shown. ot the 105 of
1k soquencer.

0014 STINGA/SIS.00 © 1998 Federation of European Biochemical Societics. All rights rescrved,

FIISBO14 5793(87)01517 5

in Is Plagued by Topoisomerism

In the RP HPLC analyses of the two human uroguanylin
isomers, we had already established that they are separable at
40°C. However, separations of the human des Leu'® urogua
nylin isomers, as well as the rat guanylin isomers, were pos
sible only at lower temperatures such as 8°C [7]. This separa
tion characteristic has also been observed for a recently
disclosed member of the uroguanylin and guanylin peptide
family, rat uroguanylin 15 (unpublished result).

Bausch Health Ireland Exhibit 2011, Page 1 of 5
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2011 at 30

Patent Owner’s Resp. at 47; Ex. 2024 {| 164
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N-terminal Amino Acids of Human Uroguanylin Are Required

Proc. Nail. Aced. Sci_ USA
Vol G4, po. 20052710, March 1997
Pty

Regulation of intestinal uroguanylin/guanylin receptor-mediated
responses by mucosal acidity
F. K& Hasma* T, Sawny L. Eser* !, Davio T, ', Marg G, Currie'S, avp Leonarn R, Forre* 11

~Tramas Veserans AfTwss Medical Cester sad {Departmeats of Fharmacology ad Biochesiiry and Misiecelar Biokogy Program, Missaur) Usiersiy, Cobuminia,
M 65212 and Bearle Research sad Development, St Louk, M0 63167

Eommunicrted by Philip Needleman, Mousants Company, 5¢. Lavis, M), January 2, 1997 {received for review March 27, 1996)

ABSTRACT  Guanglin and wroguanylin are intestinal  catalytic domain producing the second messenper cGME
poptides that stimalate chloride secretion by activating 8 within target tes (1-6). i
= arget 9

<G
by regulating the phosphor-
Voeated on the mucosal surface of enterocytes. High mucosal  ylarion state and chloride channel activity of the eysti fibrosis.
acidity, similar o the pH occurring within the Muid micro  {ransmembrane conductance regulatar, an apical t
climate domain at the mucoal surface of the intestine, s ocated with th ressptors for uroguanylin, peanyin, and ST

Ko et~ bt o i

We conclude that the
unique acidic amino acids at the N terminus of uroguanylin are
required for the increased binding affinities, and accordingly,
the enhanced potencies of uroguanylin in the stimulation of
target cell responses under the acidic conditions of pH 5.0-5.5
maintained at the mucosal surface of T84 cells in this model
epithelium.

pror for g i that has een identiicd  Uroguamylin, These ehanges i aonist pOIEBGiEs Were £k
plained by corresponding directional shifts in the affinitics of

late

" {6}, This membrane protein was arigh  Bianylin and uroguanylin for binding 1o receptors at pH 5.0

nally disco an int secepion for the beatstable  versus 8.0, Uroguanylin and guanylin coaperatively regulatc

toxin (ST) peptides, which are sccreied intraluminally by the guanylate eyclase activity of a common set of mucosal

enteric bacteria that cause traveler's diarthea (7). Bacterial 6T receptors ina pH-dependent fashion, thus providing an enteric

peptides arc related in primary structure {o uroguanlin and  signaling pathway for the intrinsi, paracrine regulation of
intestinal salt and water transport

guanylin, thus scting as molecular mimics of the enteric
peptide hormones (reviewed in refs. § and 9). Membranc
receptor—guanylate cyclases are found on the luminal surface MATERIALS AND METHODS
of enterocytes thraughout the small and large intestine and in

ather epithelia {10-13). Binding of peptide agonists to an €GMP Accumulation Assay in T84 Colls, T84 cells wore
extracellular domain of the reoeplor activates the intracellular  cultured d

ed in 24-well plastic dishes, and the cGMP levels were

Copyright © 1997 by The NaiosiaL Acanes
LB TMIS-ASLI0T)
FNAS is anaiiible onkise 3t bitps//www.paasorg.

Ex. 1021 at 2708, 2709, Ex. 2069 at 89:13-18
Patent Owner’s Resp. at 49; Sur-Reply at 14; Ex. 2024 { 167

BLAKE ROBERT
PETERSON, Ph.D.

Based on Hamra 1997, it is
your opinion that the N-
terminal amino acid residues
of human uroguanylin are
required for the increased
binding affinities and
enhanced potency for
activation of receptors
under acidic conditions,
correct?

Correct.
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FEBS 17787

Fiser: Asp Preferred Over Glu

FEBS Letiers 397 (1996) 228-229

Conservation of amino acids in multiple alignments: aspartic acid has
unexpected conservation

Andrds Fiser™”, Istvan Simon", Geoffrey J. Barton®*

*University of Oxford, Labevatory of M

Rex: Rickads B, Souch Parks R, Onford OX) JQU. UK

folecular Bicpihysics, The
tnatiare of Excymelogy, Siiogical Reseore Coner. Hingorin Acwomy of Sciences, PO Bo 7, Bapert .53, Huags
Received 18 July 1996; revised versicm recsived 19 Seprember 1906

tertiary structure. Our analysis complements that of Overing:
ton ¢t al. [B] who considered only pairwise substitution frc-
quencies for amino acids in structurally skgned famibes,

2. Materials and methods:

21 Dowa base

st of 81 rom the Apeil
1993 el o the Beochkaver Proe p.mmu Bnnk(l’D!Pﬁ)Thm

was chasen in a tworsiep procedur of chains fover 5
resdues nmuw nnauznuuumnwm
compared the dipeptide

position mpartant

the Asp is likely to be involved in polar imteractions through its
side chain axgen stoms. In contrast, Gin s the lexst conserved
aming sckd overall.

Key wonds: Conservation analysis; Multiple sequenos
alignment: Protein structuse prediction

1. Introduction

ksl cach pmick. A se of 11 prdes b e eecked
St al paes b  coreation of <04, All i i his
camparkd by & Figorous sequene comparban medhod (1011

bt e
5T IACK IALE 1BBP. A& 1ECS IECA TEKF 1PN 160K
m?u\ 0SB WHIP HOB ILKD_41FAZ IFCY IFHH IFRC.C

Mza A "ieAR. 2036 2D T Sams 2L ATV

T ORI L IAB.A Thort RSP A BSBC) IS E 2o

E S S R TR T IR

IGAP_B ILZM 35GB_| 4SIC 4BF2 4D

4TI AFTF ATHC 5CTS SCYT.R SERX SP.UB A sun i)
E 7PT1 SADH SATC_B BCAT.A SREA_A

BMGA)\I

the aet was compared by the Smith-Warermi
-lw nmllmlm e NBRF-PIR. sequence data bark (Releas

R ) Ak e e e i of 25

P el R

Rt ST o s s s

Abstract Analysis of the relationship between surface accessi-
bility and amino acid conservation in multiple sequence
alignments of homologous proteins confirms expected trends
for hydrophobic amino acids, but reveals an unexpected
difference between the conservation of Asp, Glu and Gln.

Since our data do not suggest a significant preference for
++ ¢/y, the preferred conservation of Asp is likely to be due
to differing side-chain interactions.

to differing side-chain interactions. The most obvious hypoth-
esis is that since Glu has a higher proportion of non-polar

i
o § atoms than Asp it can make more non-specific interactions
and so there are fewer constraints on its environment.

22, Crdion ofconrsesn o sl
mwwmmmmw-ma
alcalated for each posstion im each aligament

ange

protein fumily may have a key catalytic ole.
similar Diyewdlmlu‘ properties (e, hy-
drophobicity) are shared ma)
ing the native conformatia
ok iy e b pla alignments has been
wicd to good effect to improve the accuracy of prediction of
secondary structure and buried reskdues (o-helix and frssrand)
ieg (3T

EI:IR we report a systematic study of residue conservasion
inmuh]knis-mu-h e at Jeast ane protein is of known

Why, then, is Asp most highly conserved when buried in
coil? The short Asp side chain is restricted in mobility yet able
to make strong polar interactions. It is possible that Asp may
form a ‘pin’ that stabilises non-regular structures in loops.

mwmﬁ x: (4] (1865) SI0454.
s (exposcd.

u-l-mmas 20 € 1696 Fedemtin of Baroyom B e Socion AY ity e,
4-5793096)01 181

Bausch Health Ireland Exhibit 2036, Page 1 of 5
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Ex. 2036 at 225 (Abstract), 227, 228

Patent Owner’s Resp. at 20-21, 50; Ex. 2024 1Y 103, 147, 153, 214
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WO ’266: Retain Asp at 2 and 3 Positions of Human Uroguanylin

Two underlined (Asp-Asp) residues are
believed to be important for regulating the functional

activity of uroguanylin only at the acidic environment of
the intestinal mucosa.

(12) INTERNATIONAL APFLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (FCT)

(19) World Intellectual Property Organization

Tnerasioosl Bustin @ RO R

143) Intermational Publication Date {10) Intermational Publication Number
12 April 2001 (12.04.2001) PCT WO 01/25266 Al

(51) Internationa] Patent Classification”s  COTK 708, (§1) Designated States masomal): AE. AG, AL AM, AT, AU,
ASIK 3810, AGIP 350 AZ.BA. BB, BG. BR. BY. BZ, CA. CH.CN. CR. CU. CZ.
DE, DK, DM, DZ, EE, ES, FL GB, GD, GE, GH, GM, HR,

X,-Asp- Asp- Cys- X,- X,- Cys- X,- Asn- X,- X.,- Cys- X.- X,- Cys-X,

21) Tnkernational Applical

e species. The functionally active domain in most of these
N FIG. 7 : -
) Pl Langugs: peptides are highly conserved.

§26) Publication Langusge

(34) Priovity Data:
V157950 ]

Asn Asp Asp Cys Glu Leu Cys Val Asn Val Ala Cys Thr Gly Cys Leu h UroG.
N mkﬁ'ﬁy Pro Gly Thr Cys Glu lle Cys Ala Tyr Ala Ala Cys Thr Gly Cys h Gua

Thus, as long as the functionally active
— Asp Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr E. coli domains of these peptides are conserved, substitutions in
(72) Invemtors; and
5"” e fOSRIS B4 Leu lle lle Asp CysCys Glu lle Cys Cys Asn Pro Ala CysPhe Gly CysLeu Asn V. cholerae the non-active domains may be achieved with no change in the
= MO 63017 (US). €U
g Mason Ridge Drtve, S activity of the peptides.
(74) Agents: BENNETT, Denmis, A. of al.: Pharmacia Cor-
g mﬂ msm'sn;m_' PO. Box S110,
=
; 0 0 . . . .
g Q. WO 266 identifies the aspartate residues at positions 2
E and 3 in human uroguanylin as important for regulating
= the functional activity of uroguanylin in the acidic
B environment of intestinal mucosa, correct?
=
»g * k%
~
w - - -
T e T BLAKE ROBERT THE WITNESS: I mean those amino acids are important for
=2
R At o et i e eepar oy e s M e et e PETERSON, Ph.D. regulating the functional activity of uroguanylin in the
e ' ; : : : :
acidic environment of intestinal mucosa, that's, that's
Bausch Health Ireland Exhibit 2021, Page 1 of 55
Mylan v. Bausch Health Ireland - IPR2022-00722 correct.

Ex. 2021 at 4:23-34, 7:37-8:3, Fig. 7, 17:29-30, 17:33-36; Ex. 2069 at 89:24- 90:7

Patent Owner’s Resp. at 23-24; Sur-Reply at 15; Ex. 2024 ] 111-113
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Petitioner’s Flawed pH Argument

Moreover, Professor Peterson explains that the [Glu®]-substitution would

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD have been expected to result in a protonated glutamate at a higher pH (pKa = 4.25
M o, rather than aspartic acid’s 3.65) for better activity in the less acidic environment of

BAUSCH “E;;;;;vfé‘fg;”D LIMITED, the intestinal lumen further away from the stomach. EX1002, q157-61; EX1012,
Patem US 7001786 52 118, Table 5-1. In this way, the substitution would have been expected to apply the

PETITION FOR INTER PARTES REVIEW

enhanced activity of human uroguanylin (relative to guanylin) more broadly to the
intestines instead of being localized only proximate to the more acidic environment

near the stomach.

Pet. at 36

Patent Owner’s Resp. at 52; see also Sur-Reply at 8; Ex. 2024 |{] 173-186
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Nelson: Free pKa Values Cannot Be Strictly Applied to Peptides

The

pK, values for R groups listed in Table 5-1 can be a useful guigle to the pH
range in which a given group will ionize, but they cannot be strictly applied
to peptides.

Lehninger Principles of Biochemistry

David L. Nelson
Professor of Biochemistry
University of Wisconsin-Madison

Michael M. Cox

Q. Nelson teaches that the pKa wvalues for the R
groups listed in Table 5-1 of Nelson cannot be
strictly applied to peptides, correct?

*k *

THE WITNESS: So, as I mentioned, it's not
accurate to compare a free amino acid pKa
necessarily with a peptide amino acid pKa, unless
one does a systematic study where we're looking
at systematic differences, such as aspartic acid
versus glutamic acid in a given peptide sequence.
If that makes sense.

Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland. Ltd. - [PR2022-00722

BLAKE ROBERT
PETERSON, Ph.D.

Ex. 1012 at 127, 118, Ex. 2026 at 101:15-102:2

Patent Owner’s Resp. at 52-53; Ex. 2024 ] 176-177

ahle 5-1
Properties and Conventions Associated with the Standard Amino Acids
pK, values
Abbreviated pK, p pKy Hydropathy Occurrence

Amino acid names o, (—COOH) R (R e pl indext in prateins (%)"

Nonpolar, aliphatic

R groups
Glycine Gy G 75 2.34 9.60 5.97 -0.4 7.2
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
Valine Val VvV 117 2,32 9.62 5.97 4.2 6.6
Leucine Leu L 131 2.36 9.60 5.98 3.8 9.1
Iscleucine lle | 131 2.36 9.68 6.02 4.5 53
Methionine Met M 149 2.28 9.21 5.74 19 23

Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 2.8 39
Tyrosine Tyr Y 181 2.20 9.11 10.07 5.66 -13 3.2
Tryptophan Tp W 204 2.38 9.39 5.89 -0.9 1.4

Polar, uncharged

R groups
Serine Ser § 105 2.21 9.15 5.68 -08 6.8
Proline Pro P - 115 1.99 10.96 6.48 16 5.2
Threonine The T 119 211 9.62 5.87 -0.7 5.9
Cysteine Cys C 121 1.96 10.28 a.18 5.07 25 1.9
Asparagine Asn N 132 2.02 8.80 5.41 -3.5 4.3
Glutamine Gin Q 146 2.17 9.13 5.65 -3.5 4.2

Positively charged

R groups
Lysine lys K 146 2.18 8.95 10.53 9.74 -3.9 5.9
Histidine His H 155 1.82 9.17 6.00 7.59 -3.2 2.3
Arginine Arg R 174 217 ¢ 9.04 12.48 10.76 -4.5 5.1

Negatively charged

R groups

_Aspartate Asp D 133 1.88 9.60 3.65 2.77 -3.5 5.3
Glutamate Glu E 147 2.19 9.67 4.25 3.22 -3.5 6.3
e ————

*A scale combining hydrephobicity and hydrophilicity of R 8roups; it can be used to measure the tendency of an amino acid to seek an agueous environment

(= values) or a hydrophobic environment (+ values). See Chapter 12. From Kyte, J. & Doolittle, R.F. (1982} J. Mol. Biol. 157, 105-132. %

'Average occurrence in over 1150 proteins. From Doolittle, R.F. (1989) RedL ies in protein . In F ion of Protein Structuré and the Principles of
Frotein Conformation (Fasman, G.D., ed) Plenum Press, NY, pp. 599-623,
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Side Chain pKa Requires Accounting for Peptide Environment

Q. Do you agree with Dr. Davies that a prediction as to
the pKa of the carboxylic acid on the side chain of
p“E#EEESSBEEL the aspartate or glutamate at the third position
would require accounting for the environment in
which these residues are found when incorporated
into a peptide chain, correct?

A. That's correct.

Ex. 2069 at 90:16-22

Sur-Reply at 16; Ex. 2024 1 181-182
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en in a Peptide, Asp’s pKa May Be Higher than Glu’s pKa

010, 10164 jm. 2009.03.039

JMB Avatablo online at www sconcedirect.com
e . .

ScienceDirect

. Mot Bich, (2000) 989, 34 47

The pK, Values of Acidic and Basic Residues Buried at
the Same Internal Location in a Protein Are Governed by
Different Factors

Michael J. Harms Carlos A. Castafieda’, Jamie L Pk

Gloria R. Sue’, Daniel G. Isom’ 1) Brian R. Cannon
and Bertrand Garcia-Moreno E.

Table 1. Comparison of pK, values determined by linkage
analysis and NMR spectroscopy

" Department of Biophysics, ‘The pK, values of internal ionizable groups are usually very different from
Jofins Hopkins University, 3400 the normal pK, values of ionizable groups in water. To examine the
Nortl Charles Streel, Baltimore,  molecular determinants of pK, values of intermal groups, we compared the
MD 21218, USA [properties of Lys, Asp, and Glu at internal position 38 in staphylococcal
ottt o A muclease. Lys38 titrates with a normal or elevated pK,, whereas Asp38 and
Lo St ol Aoy, (Glu38 titrale with elevated pK, values of 7.0 and 7.2, u-;rmluo\y In the
572 Hollowway Rand, A t. structure of the L36K variant, the buried amino group of the Lys36 side

alloesry Raad, Anapolis,  cpain makes an fon pair with Glu122, whereas in the structure of the L38E

Linkage
analysis NMR

WDt b arant, he buried carbony] group of Gl inferact with two backbone . ”

Received & December 2008; amides and has several nearby carboxy] oxygen atoms. Previously, we

received in revised formt showed that the pK, of Lys38 (s narmal gwing io struetual reoeganization \/ arlant Resldue K :I: K :I:
6 March 2009; and water penetzation concomitant with ionization \-f the Lys side chain. In a a

accepted 11 March 2009 contrast, the pK, values of Aspd8 and Clu38 are urbed significantly

‘Avallitie onlina i o an sl Eatros veasbi pl iametkn ars maven,

24 March 2009 able contributions from dehiydration and from Coulamb intecactions. with

surface carboxylic groups. Their ionization is also coupled to subt
tural reorganization, These results illustrate the complex interplay en
local polarity, Coulomb interactions, and structural reorganization as deter-
minants of pk, values of internal groups in proteins. This study suggests
that improvements to computational methods for pK, calculations will
require explicit treatment of the conformational reorganization that can
oocur when internal groups ionize,

Glu38 70 03 70 0.1
Glu8 — — 62 01
Asp38 68 03 72 0.1
Asp38 69 03 66 0.1

A+PHS/L38E
A+PHS/138E/E122Q
A+PHS/L38D
A+PHS/L38D/E122Q

© 2009 Elsevier Lid. All rights reserved

Keywonts: pK, values; internal jonizable groups; structure/ function; energy
Edited by C. R. Matthews calculations; electeostatics

Introduction for specific biological purposes.’ Understanding the
determinants of these pK, values is important for

A small fraction of jonizable residues In proteins  quantitative description of the structural basis of

are sequestered from water and buried in the protein
interior.'* These internal lonizable groups are
essential for cataly 1" /e transport,”

molecular recognition.”! The pK, values of internal
fonizable groups are usually different from the
normal pK, values in water'? ™ and are often tuned

“Corresponafing authur. E-mall address
tunmmhu eddu

breviations w« : Shase. .uph_,loc\wn nuchease;
e, i hosph.
single quantum “Mm‘r MCOCE, mn|tl-“mfnn'mr
continuum electrostatics, FDB, Protein Data Bank,

funetion in a large variety of biological processes.

The shift in the pK, of an intemnal um!lp r\-hhu
to the normal pK, in water is govemed
rences in. :r. arity and polarizability apmmmi
by the Llnrge in the two environments (4G, ) and

Coulomb interactions with the charges of other

ionizable groups. Structural reorganization of the
protein coupled o the ionization of internal groups
can also influence their pK,. One of the goals of
this study was to examine the relative magnitude
of these three determinants of the pK, values of
internal groups.

The polarity and polarizability in the protein
interior are usually lower than those in bulk water;

pKa could not be determined using linkage analysis because
variant unfolds in an apparent three-state manner.

(022 2096/5. s ot matter © 2009 Elsevir L, All ights oservod

Bausch Health Ireland Exhibit 2045, Page 1 of 14
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Ex. 2045 at 37 (Table 1)

Patent Owner’s Resp. at 53-54; Sur-Reply at 16; Ex. 2024 185
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Intrachain Hydrogen Bonding Can Affect pKa

Q. How does the formation of intrachain hydrogen bonds affect the
pKa of the involved amino acids?

* Kk *
_ THE WITNESS: Intrachain amino acids can -- intrachain
BLAKE ROBERT interactions, I should say, can affect pKas, as they describe.

PETERSON, Ph.D.

Q. In what ways does the formation of intrachain hydrogen bonds
impact the modification of a lead compound for peptide drug
development?

* k%

A. My answer is if an amino acid can form an intrachain amino
acid, that could influence its pKa, and that might factor into
drug development.

Ex. 2069 at 96:19-97:2, 98:12-22

Sur-Reply at 15-16; Ex. 2024 ] 173-182
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Petitioner’s Arguments re Increased pH Are Unfounded

T zvqm Mareh 1907
Pharmsol

Regulation of intestinal uroguanylin/guanylin receptor-mediated

responses by mucosal acidity

F. Kenm Hasma®H, Sauny L. Eger® |, Davio T, Chist, Mank G, Currig!S, asp Leoxarp R, Forme* 11

~Tramas Veserans AfTwss Medical Cester sad {Departmeats of Fharmacology ad Biochesiiry and Misiecelar Biokogy Program, Missaur) Usiersiy, Cobuminia,
Ma)

2

and Bearle Research tnd Devebopmen, 5. Louk, M0 63167

Eommunicrted by Philip Needleman, Mousants Company, 5¢. Lavis, M), January 2, 1997 {received for review March 27, 1996)

ABSTRACT
peptides that
ol

lin and wroguanylin are intestinal
mulate chloride secretion by activating a

ety o s gl e s M
within target " e
i by regulating the phosphor-

oeated on the mucosal surface of enterocytes. High mucosal
ucidity, similar (o the pH occurring within the Muid micro:
climale demain at the mocosa] surtace of fhe imtrine,
enhances the cGMP accumulation responses of T8
Mumaa lntetioal cels s wreguanylin. In pontrast, s mocoal
ucidity of pHl 5.0 renders guanylis

seleetivity for
nal receptors for uroguanylin and
s providing a ratienale for the evelution of these
related peptides. At an acidic mucasal pH of 5.0, uroguanylin
s 100-fold more potent than guanylis, but a an alkaline pH
050 guamin s cmure poeed thas urogumeiin (o stismulating
GMP

vide secretion. The relative am-im of uroguanylin m
guanylin for binding to receptors on the mucosal surface of
T84 cells is influenced dramatically by mucosal acidity, which
explains the strong pH dependency of the cGMP and chloride
secretion respomses in these peptides. The gunnylin-binding
uffinities for peplide—receptor interaction were redueed by
100-fold at pH 5 versus pH 8, whereas the affinities of
wroguanylin for these receptors were increased 10-fold by
acidic pH conditions. Deletion of the N-terminal acidic amino
acids in uroguanylin demonstrated that these residues are
vespansible for the increas in binding sffinitics that arc
observed for urogusmylin at acidic pH. We conclude that
guanylin and uroguanylin evolved distinctly different struc-
tures, which enables both peptides to regulate, in a pHs
ependent fashion, the activity of receptors that control
intestinal salt and water transport via ciiM

ylatian state and chloride channel activity of the cystis fibrosis
iransmenmbrane conductance regalator, an apical protein that
is bocated with the receprors for uraguanylin, guanylin, and ST
peptides (14-16)

Isolation of uroguanylin from opossum urine (2) followed by
the cloming of # colon cDNA that encodes aposum pre-
prouroguanylin (17) revealed that the uroguanylin and gua-
nylin gencs are evolutionarily relited (18-20). Furthermore,
the mRNAs and precursor proteins for both uraguanylin and
guanylin are expressed together throughout the mucosa of

small and large intestine along with their receptors (5, 11,
17-20). This raised a question of whether the differences in
primary structure between guanylin and uraguanylin cvoived
10 regulate intestinal saft and water transport through a
cooperative mechanism wsing common receplor-guanylste
eyelase signsling molecules located on the mucosal surface of
the intestine,

During the isolation of uroguanylin, guanylin, and their
prohormane precursors, we observed that acidic column re-
agents markedly attenuated the CGMP responses of TBA cells
10 guanylin, but enhanced the responses 1o uroguanylin (4, 5).
This pH dependency for activation of guanylate cycluse was.
successfully used 1o detect guanylin and ureguanylin during
their separation and purification from intestinal mucosa, The
passibility was. then considered that the primary structurcs of
sanylin and urogaoyls coud base evobed 0 reguate toe

atic activity of & common sct of receptors over the wide
nng.eui mucosal mduymm occurs within the intestinal lumen
during digestion (21-24). We report here that high mucosal
ty rendered gluny‘m mcﬂac\m as o cMP agonist and

2

i

Guanylin and uroguanylin are structurally related peptides
that were isolated from intestinal mucoss and urine (1-5). A
veceptor for guanylin and uroguanylin that has been identificd
at the molecular level is i transmembrane form of guanylate
C-C (6). This membrane protein was origi-

an intestinal receptor for the heat-stable
which are sccreted intraluminally by
eneric bacteria that cause traveler's diarshea (7). Bacterial ST
peplicies are related in primary structure (o uroguanylin and
guanylin, thus scting as mDchlnr mimics of the enteric
peptide harmones (reviewed in and §). Membrane
Feceplor-guamyate cyclases are ﬂuund on the luminal surface
of enterocytes throughout the small and large imiestine and in
other epithelia {10=13). Binding of peptade agonists to an
eatracellular domain of the receptor activates the iniracellular

The publication <usts af this anicle weee defrayed i past by fage charge
payment. This artile must therefore be hereby marked “sdveniement” in
sccordance with 15 US.C. 51733 solely 10 indicate this Bot.

Copyrigst © 1997 by The: Namiosial ACABIMY of SCHNEEs of miE USA.
OF-BAZA T HZS-GSLI0M

PNAS i snaable ook a1 hitg:/ wwwpassory.

the pteney n(nm'uam\ml\mumlp!ln!!ilmhlmﬂsal\y
P 7 af
umunﬂyun These clanges in agonist polencies were ex-
plained by corresponding directional shifis in the affinitics of
uanyin ind uroguanyin forbindin (o eceptors ot ph S0
versus 8.0, Uroguanylin and guanylin coaperatively regulate
e gitnyinie eyelase activity of & comane et of Mseosal
receptons ina pH-dependent fashion, thus providing an enteric
ing pathway for the inrinsic, paracrine regulation of
intestinal salt and water transport

MATERIALS AND METHODS

€GMP Accumulation Assay im T84 Cells, T84 cells were
cultured in 24-well plastic dishen, s the cGMP leveh were

e Hwapd Hgioet Modica Tasinte s Do
. Ubersny of Tetas Southmest Medical Center

5373 Harry Hines Boubevard, Dallas, TX 75293.9050.
°r.. wm-‘ reprint requests showld be addressed at B[parlmmi of
macelogy School ot Medieme, Uniraty of Mesonr, Cola-
i O S62ES Sl Leomar ._bor aessermalmissour .
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Mpylan Pharmaceuticals, Inc. v. Bﬂusch Health Ireland, Ltd. - IPR2022-00722

Ex. 1021 at 2705 (Abstract)

Patent Owner’s Resp. at 48; Ex. 2024 || 44

The guanylin-binding
affinities for peptide-receptor interaction were reduced by
100-fold at pH 5 versus pH 8, whereas the affinities of
uroguanylin for these receptors were increased 10-fold by
acidic pH conditions.
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Petitioner’s Arguments re Increased pH Are Unfounded

120 T
I colonic mucosa contains uroguanylin c ,J 00 A
nylin peptides :g %
) o c 8]
BENT HAMRA, WILLIAM J. KRAUSE, SAMMY L. EBER, RONALD H, FREEMAN, 3 g 80 -
©)5 So are you aware of any pharmacologic g&'?
therapies available as of January 17th, 82 60 -
2002 that acted only in the small <-§
; : o
MICHAEL SAMUEL intestine? E: 40
EPSTEIN, M.D. e ‘3 <
THE WITNESS: Not that I can answer for you. 20 1
@) e Tlezie, @ gt g 0 : ! . . . : : I
LIRS 5.0 55 6.0 6.5 7.0 7.5 8.0
THE WITNESS: I would say I don't know of pH

any specifically on the top of my head. . .

Fig. 1. Effects of medium pH on uroguanylin (O) and guanylin

(®)-stimulated guanosine 3',5'-cyclic monophosphate (cGMP) accumu-
e o e . 1 s s lation in T84 cells. Vehicle, 30 nM synthetic opossum uroguanylin,
i oty G . et Vs it ey et ot and 30 nM synthetic opossum guanylin were suspended in buffered
}:‘,‘;::LQ,,'?:,-E;E‘_‘_J_,h;:::'::::,:”ff:;  also expresses fcpomura hamns, 4nd s ool by dervs assay medium previously adjusted to pH values indicated, as de-
e P 2 - scribed in MATERIALS AND METHODS. Levels of T84 cell cGMP accumula-
tion (pmol/well, average of 3 wells) elicited by vehicle and peptides in
this experiment when tested at pH 5.0 and pH 8.0, respectively, were

inteati
te 1l6-amine ac
rat. human. and

u5e INLESTine |k uroguanylin and guanyiin

vas  polential (i3S urce
om  found in urine (10, 18, 205

itially purified as 13- t0 15:amino ocid peptides from i
188166708 850 Coppight © 108 b Americn Ppilgid Encity as follows: basal (vehicle control) = 0.45 and 0.78, uroguanylin = 43.9
MYLAN EXHIBIT - 1019 (Corrected) and 17.5, and guanylin = 0.85 and 10.0. Data are representative of 4
Mylan Pharmaceuticals, Inc. v. Bausch Health Treland, Ltd. experiments with similar results.

Ex. 1019 at G710, Fig. 1; Ex. 2070 at 52:6-16

Patent Owner’s Resp. at 54; Sur-Reply at 9; Ex. 2024 ] 45; Ex. 2025 1 38
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Petitioner’s Arguments re Increased pH Are Unfounded

As an analog of the pathological GC C agonist STh,

PRP e linaclotide maintains many structural features of STh,
Therapeutially targeting guanyinte ucase-C: including the presence of three disulfide bonds and an
computational modeling of plecanatide, a uroguanylin

pme S RSSO SR G insensitivity to pH. MD simulations in this study show

Gary S Jacob®

that the addition of a third intramolecular bond makes
both STh and linaclotide insensitive to MD perturbations
(Ozaki et al. 1991). The structural similarity of these two
molecules is reflected by the low RMSD values of 1.28 A
for linaclotide. The amino acid substitutions that differen

tiate linaclotide from STh further enhance the pharma

cokinetic stability and proteolytic resistance of linaclotide,
allowing it to remain active across a longer portion of the
small intestine (Bharucha and Waldman 2010; Harris and
Crowell 2007). The absence of pH sensing amino acid
residues would additionally give these molecules maxi

frequency, st
) or discomfor (CIC)

e mum biological activity across the range of pH environ
Bausch Health Ireland Exhibit 2019, Page 1 of 10 ments in the Gl tract.

Mylan v. Bausch Health Ireland - [PR2022-00722

Ex. 2019 at7

Patent Owner’s Resp.
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Aspartimide Formation Can Be Avoided Through Protecting Groups

Peptl This systematic investigation clearly showed that in our test system, no detectable
The Wave of ¢ amounts of aspartimide were formed if Hmb-backbone protection was applied in addi-
Proceedings of e tjon to standard OtBu-protection of the Asp side chain.

and the Séventeent
Peptide Symposium

'The OMpe-protecting group showed a significant improvement with re-
spect to aspartimide formation when compared to regular OtBu-protection.

Edited by

Michal Lebl
and .
Richard A. Houghten

American Peptide Society

MYLAN EXHIBIT - 1022
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd. - [PR2022-00722

Ex. 1022 at 64

Patent Owner’s Resp. at 56-57; Ex. 2024 1] 198-199
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Aspartimide Formation Can Be Avoided Through Protecting Groups

Lewerr in Peptide Scewce, 75 107112, 2000,
o e

© 200 Klswer dcademic Publishers. Printed in fic Neberiands

Base-induced side reactions in Fmoc-solid phase peptide synthesis:
Minimization by use of piperazine as N*-deprotection reagent®

John D. Wade**, Mare N. Mathicu, Mary Macris & Geoffrey W. Tregear
Howard Florey Institute, Univeesity of Melbowne, Parkville, VIC 3032, Ausalia

Conclusions

Key wonis: aspartimide formation, base-induced side reaction, Fmoc-solid phase peptide synthesis, N¥-
deprotection reagent, piperazine

Received | Novenbes 1999,

In the absence of prior information regarding the sus-
ceptibility of a new peptide sequence to modification
during Fmoc-solid phase synthesis, it 1s recommen-
ded that — where feasible — Asp-X pairs be routinely
protected with the Hmb moiety. Should this not be
possible, then piperazine containing 0.1M HOBt is a
practical and effective alternative.

MYLAN EXHIBIT - 1023
Mylan Pharmaceuticals. Inc. v. Bausch Health Ireland. Ltd. - [PR2022-00722

Ex. 1023 at 111

Patent Owner’s Resp. at 56-57; Ex. 2024 11 198, 200
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Aspartimide Formation Can Be Avoided Through Protecting Groups

Letiers i Peptide Science, | (1984) 197-208
ESCOM

LIPS 026
St depmicys o asiide brmaion dxi. Based
Janelle L. Laver*, Cynthia G. Fields*® and Gregg B. Fields™* . . .
e e A e on our study, the most effective combinations for

- minimization of aspartimide formation were (1)
e R Bu side-chain protection of aspartate, piperidine
= - for removal of the Fmoc group, and either HOBt

or Dnp as an additive to the piperidine solution;

or (ii) 1-Ada side-chain protection of aspartate
and DBU for removal of the Fmoc group.

MYLAN EXHIBIT - 1024
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd. - IPR2022-00722

Ex. 1024 at 204

Patent Owner’s Resp. at 56-57; Ex. 2024 1] 198, 201-202
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Aspartimide Formation Can Be Avoided Through Protecting Groups

Q. How can aspartimide formation in peptides be reduced
or avoided using protecting groups?

S THE COURT REPORTER: I'm sorry, protecting?
PETERSON , S THE WITNESS: Protecting groups.

THE COURT REPORTER: Thank you.

MR. HASFORD: Protecting groups.

THE WITNESS: One can reduce side reactions in
chemical synthesis in general by using protecting
groups in some cases. They -- they can limit the
undesired pathways that lead to undesired products.

Ex. 2069 at 22:3-12

Sur-Reply at 17; Ex. 2024 1 198-203

Bausch Health Ireland Exhibit 2071, Page 43 of 78
Mylan v. Bausch Health Ireland - [PR2022-00722



Objective Evidence Supports the

Nonobviousness of the Claims

44

Bausch Health Ireland Exhibit 2071, Page 44 of 78
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Federal Circuit: Objective Evidence of Nonobviousnses

> Objective evidence . . . must be considered before a
% conclusion on obviousness 1s reached and 1s not
merely “icing on the cake.”

Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1380 (Fed. Cir. 1986)

Patent Owner’s Resp. at 26-27, 57
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Plecanatide’s Unexpected Stabilization Against Interconversion

STUDIES ONSPI04 THERMOSTARILITY, pH DEPENDENCY AND

T Figure 1: HPLC Chromatographs of Uroguanylin and SP-304 Following 16-Hour
' Incubations at pH 3.0 in Aqueous Media at 37°C

'y e
UroG | | SP-304 |
PA ;_
|
Active .5
fraction
3r W a5
; j Inactive 5
b g { fraction
1§
ok i

HIGHLY CONF IDENTIAL INFORMATION TRULDDO18280

Bausch Health Ireland Exhibit 2028 Page | of 18
PROTECTIVE ORDER MATERIAL Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2028 at TRUL00018269 (Fig. 1)
Patent Owner’s Resp. at 59; Ex. 2024 {1 206-215
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U.C. Marx

1. Klodt

M. Meyer

H. Gerlach

P Résch

W.-G. Forssmann
K. Adermann

L nambiguous stru

Topoisomerism Not Affected by N-Terminal Region

One peptide, two topologies:
structure and interconversion
dynamics of human
uroguanylin isomers

Kby Worgs: guaryiin heat-stble eATEBIoR: SOMENZLOn:
solustion stuscture; tapological sierecisome; uroguanyin

Abstract: The peptide harmone uroguanybn stimulates chloride
secretion via activation of intestinal guanyyl cyclase € (GC-0. s
characiarived by two disulfide bonds in a 1-¥2 & patter that
causes the exstence of two topological sterecssomers of which
ehular CGMP slevation. To obtain an
furetion relationshup of the isamers, we
determined the solution struciureof the separated uroguanylin
atorma uing WR spectroicopy Roth isomers adopt weil-defeed
Structures that eoirespond 15 these of the isomers o the related
peptide guanylin. Furthermore, the structure of the GC-C-
activating uroguanylin isomsr A ciosedy resembles the staucture of
the agoaistsc Excnenenis cob heat stabile entesotonn, Compired

‘only one induces i

Fsomers of
raguanylin somers i retarded sigficantly. A judged from
chiomatography and NVER spectroscapy, both uroguanyiin
iscforms are stable at low temperatures, but are subject 1o & skaw

Ex. 2010 at 236

Patent Owner’s Resp. at 59; Sur-Reply at 26; see also Ex. 2024 [ 37, 147, 210-214

it (semarization at 3°C with an equebium
isormer satio of apprasmately 1:1. The canformationsl exhange
most Weely under the stencal control of the carbory terminal
leucine. These results imply that GC-C is actvated by Igands
eshibiting the malecular framework camesponding o the structure
of uraguamylin isomer A

Abbreviations: cGMP, cyckc 3',5'-guanosire monaphosphate.
Clean-TOCSY, TOCSY with suppression of NOESY-type cross peaks;
DG, distance geometry; DOFCOSY. double-quantum fitered COSY:

055 4 acid: GC-C. guanyit
cyclase C: JA-NOESY 20 NOESY spectrum acguired with 8 ump-
retum cbrerve pulse; M, molecular dyramics; NMR, mucear
magretc resoance: NOE. nuckear Dremauser effect, aiic used for
WOESY cross peak; MOESY. WOE spectrascopy. RMSD, root.mean-

239

Bausch Health Ireland Exhibit 2010, Page 1 of 12
Mylan v. Bausch Health Ireland - IPR2022-00722

The slow development of the equilibrium between
uroguanylin isomers at alkaline pH indicates that theion

ization state of the isomeric molecules strongly influences
the kinetics of transition between the isomers of
uroguanylin 16 and uroguanylin 24. Thus, the terminal
carboxyl, ionizable side-chains of Asp2, Asp3 and Glus,
or those groups able to form intrachain hydrogen bonds,
may be involved in the control of stabilization of the two
isomers. A fter 3 days at alkaline pH, both isoforms decom-
posed because of disulfide exchange. Comparison of the
conversion of uroguanylin 16 isomers with the isomers of
the N-terminally extended uroguanylin-24 resulted in
identical kinetics for isoforms A and B at a pH of 4.5 and
7.7 for both peptides (Fig. 6C). This result clearly demon-
strates that the isomerization is not affected by the amino-
terminal region of uroguanylin.
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Fiser: Asp Preferred Over Glu for Stabilization

]
i
i
H
i
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]
i
i
i
]

FEBS 17787 FEBS Letiers 397 (1996) 228-229

Conservation of amino acids in multiple alignments: aspartic acid has
unexpected conservation

Since our data do not suggest a significant preference for
++ ¢/y, the preferred conservation of Asp is likely to be due

Andrds Fiser™”, Istvan Simon", Geoffrey J. Barton®*

el to differing side-chain interactions. The most obvious hypoth-

— sorface socempy [Ty structure. Our analyss complements that of Overing:

bility and amino ack censcrvation in melfiple sequence ton et al. [B] who comsidered only pairwise substitution fre-
proteins cunfirms sxpecied trends  GuEncics for amino ackds in siructurally akigned famibes

esis 1s that since Glu has a higher proportion of non-polar
T e Tl atoms than Asp it can make more non-specific interactions

sct of 81 proteins was gonerated from the Apeil
+ region of the Ramachandran map. Glu does not show amy Lm!mﬂmmmmmumnm!pmmn

difference between the conservation of Asp, Gla aad Gl Even 3 oo g

Do e e P TR . . i
y ucs an i = were
SUM) coflos i Gl et ot s ey i o cloiog ol it e s and so there are fewer constraints on its environment.
hility wersus relative conservation for individual amino acid u"ﬂﬂ- all pains had a correlation of < 0.4. All pairs in this st were
f s Pk mparcd by & rigorous scqence campanison method (101 1]
2cid types. Wih the exception of Arg, Ly, Gly, Glu, Asp snd rﬂa:n st s, s e e o 1 s s
v e sccessiility o < Ot o comernd m?u\ mu?f’.‘;?@'fno’e'ﬁm'fﬁ’ rlaig ‘l‘rl:\'lrr:; )llrll&mé
Cys, Gly or Asp in e alignmen NH I

u_reliable multip} 1 suggests @
posion fmportat for th srucar ofthe provn. Farhemare,  3AZA A SCAB. 2CD4 20 i wiv
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side chne exygen toms. In contris, Gln i the lest comerved  50DB 2881 15TV JTS1 AUTGA ADK JESC ACLA JFXC
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AFFK 4FTF 4TNC 5CTS SCYT_R SEBX szua A sun aioh
ey words: Canservation analysia; Multiple sequence m:m’m et e AT o
alignment: Protein structuse prediction oty e S

gty TILE2 o NBAF PR soqurece i burk (Rt

1. Introduction

Why, then, is Asp most highly conserved when buried in
coil? The short Asp side chain is restricted in mobility yet able
to make strong polar interactions. It is possible that Asp may
form a ‘pin’ that stabilises non-regular structures in loops.

Knowledge rpm sequences i growing much faster

T TR —

i
vion. Accordin 'ly hmmn i
iy structurally ar functior portant
n‘ln:dahmlubedbam in furihering usderstanding of
b'ﬂ'“wﬂﬂ systems. Multiple swquence alignments of families
are now used soutinely 1o indicate resi-
poreme w e ot af £n yooedn, &
tiow in an vlmmﬂ“ that has identical residues in all
i proein family may have a key catalytic role.
A poshion mhee i physco emie poperics (4. - o e
M may suggest impoctance in stabilis- ol wnmhw xw: tnmlm:
ormatian af the nm in [1.2). Identi
rmem features in multiple aligaments m m
waed to good effect to mprove the accuracy of predict
secondary structure and buried residues (e-helix and &Ilnmd]
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Ex. 2036 at 227, 228

Patent Owner’s Resp. at 59; see also Ex. 2024 1| 105, 147, 153
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Patent Owner Did Not Use Wild-Type Human Uroguanylin

Figure 1: HPLC Chromatographs of Uroguanylin and SP-304 Following 16-Hour
Incubations at pH 3.0 in Aqueous Media at 37°C

3 UreG | SP-304

Active
fraction

Inactive
fraction

Ex. 2028 at TRUL00018269 (Fig 1); Ex. 2010 at 236, Ex. 2011 at 30
Sur-Reply at 19; see also Patent Owner’s Resp. at 59; Ex. 2024 |[{ 70, 131, 206-215

At

acidic pH, both compounds are, in one sense, freely conver
tible (same conversion rates) and eventually come to a 1:1
equilibrium ratio.

At 37°C, 25% of both uroguanylin-16 isomers are inter-

converted within 24 h.
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Plecanatide’s Significantly and Unexpectedly Superior Potency

Table 1. Effects of SP-304, Uroguanylin, and Other Test Peptides in the T84 ¢cGMP
Stimulation Bioassay

Test Material Concentration ¢GMP Levels ECg **
i Molar ng/mL (pmol/well) * Molar ng/mL
0 0 0
10" M 1.668 0
SP-301 10° M 16.668 12 4—0"%;! Laah
SP304: STIMULATION OF INTRACELLULAR «GMP SYNTHESIS IN T84 CELLS (u‘og“anyhn) lo: M 166'8 82 2-3;10’ '\[ 383-6
10" M 1668 205
- ) 10°M 16680 354
Siudy Number SP-PH-001 0 ) 0
Test Ariele S04 104 M 1.696 0
Aabar: Ky St San 10° M 16.96 B ET: 2V 1696
Synergy Fharmscecals, e, 10" M 169.6 62 3.5x107M 593.6
Siudy Dates: Scpiomber 2001 ko Navermber 2001 10°M 1696 185
°7
Testing Fucility: R&D Center, Syneryy Pharmaceuticals, T, Norristown, PA 10" M 16960 248
0 0 0
Final Report Dute February 15, 2008 "M 1682 0
Souwrce Data: Qgr%:::jrmmm:cl;uh Lab Netchook # 2; Pages: 70-91 sp_303 lo-l M 16.82 12 m‘_“ “se
10" M 168.2 82 2.4x107M 403.7
10° M 1682 195
10° M 16820 254
0 0 0
10° M 1.682 0
SP-304 10°M 16.82 17 oM e
10" M 168.2 149 1.1x107M 185.0
o 10°M 1682 320
New York, NY 10170 10°M 16820 315

* ¢GMP levels mn T84 cells after a 30-nunute incubation.
** ECsp: median effective concentration (required to induce a 50% effect)

Confidentialiny Stmement

This docusicet is the propeity of Sysagy T el s confidatial 3 This,
imfermation contained hervin is blicved 10 be accurste and complate a5 of the date of preparstion. The contents
i it b Ut i ALY Subesissnos Wit the exprssed cansent of Syaegy Phamisein s e

Reason for Amendment: To update the scientific notation for the EC50 molar value for each
peptide to include the coefficient as well as the exponent and to update the corresponding ng/mL

EICELE COURDB S OR A TION BALERE values. The new values were calculated using Prism 6 (Version 6.05) using a nonlincar
Bausch Health Ireland Exhibit 2027, Page 1 of 22 regression curve fit (log[peptide concentration] versus cGMP level) using a least squares fit with
PROTECTIVE ORDER MATERIAL Mylan v. Bausch Health Ireland - IPR2022-00722

no constraints)

Ex. 2027 at TRUL00018211-212, TRUL00018222

Sur-Reply at 26; see also Patent Owner’s Resp. at 60-61; EX. 2024 | 216-220; Ex. 2025 {{ 97-99
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Significantly Superior Potency Would Have Been Unexpected

(LT TABLE 4
a2 United States Patent (o Patent No.:  US 7,041,786 B2
Shailubhai et al. 45y Date of Patent: May 9, 2006

Peptide agonists evaluated for biological activity
in the T84 cell bioassay.

E

OTHER PUBLICATIONS

Proc. Nonl. Acad Sci. USA. Jul. 3. 2001: 98

SR h.(.;xu(‘.m("._;n\zk.':_‘ﬁ. :."".‘ S -~ c¢GMP Level**
N e uroguany"n |\‘ SEQ ID NO.* Compound Code (pmol/well)
(o 2 3 2 3 1 SP301 205
i) rﬁsp 5 Af!’ AGIIESET ., 6 SEA02 2
R " 2 2 7 SP303 195
Asp?> Glu? —— 20 SP304 3L
(60} :?zi;aizm\,\rplmllim"lu 60748 646, filesd om Jan 3 3 / 14 SP306 0
O B ey Asp® 2 Glu 4 SP310 0
- vl SP316 275

*SEQ ID’s for SP301, SP304 and SP316 are the precise amino acid

sequences for these analogs as given in the text.
**Tntracellular cGMP level observed in T84 cells following treatment with

1 micromolar solution of the respective peptide agonist for 30 minutes.
The value observed for SP304 was statistically significant with a p > 0.5.

& Clalms, No Drawings

Peptides shown in Table 4 were custom synthesized and
purified (>95% purity) using a published procedure (38).

MYLAN EXHIBIT - 1001
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd. - IPR2022-00722

Ex. 1001 at 15:53-54, 16 (Table 4)

Patent Owner’s Resp. at 63-64; Sur-Reply at 18-19; EX. 2024 1] 221-222; Ex. 2025 {|{ 100-102
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Currie’s Data Are Internally Inconsistent

1507 ~70 pmol/well ~30-35 pmol/well
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117839 OPPOO! |02721604.3 / 1379224 _{ = \ \ ]
o = a \ \ =
Synergy Phammaceuticals, Inc. = o
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Please find enclosed a copy of the decision daled 04.06.13. & \ § E:E
N =l
Peplide ol N Y 1P
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Figure 1 Time (minutes)
A8, ;
o Hegort P e i Qu) i Figure 2
Tel.: 089 / 2399 - 3341 RSy Concentration | p-value | Significance
10 uM 0.9839 ns = =
Annex(es): Acknowledgement of receipt - EPO Form 2936 1 MM 0.6190 ns ;‘g;‘;]et Q'Va!ue SIQH'flcance
0.1 M 0.5402 ns
Registerad letter with advice of delivery T0 0.2522 ns
TS0 0.1008 ns
MYLAN EXHIBIT - 1067
ST R e D] e R Table 1
IPR2022-00722 Table 2

Ex. 1067 at 121, 122

Sur-Reply at 21 53
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Currie’s Data Are Inconsistent with the Literature

© 10,000— ~500 pmol/well
z PR e i
£ = 1 vanylin
S' E‘ 100¢ A Uroguanylin ./ i /
= /
I 3 10} . /
Figure 2 _'E //
i = N o . A
Ja— L o e

Ex. 2012 at 10467 (Fig. 5); Ex. 2065 at 346 (Fig. 4A)
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Sur-Reply at 21-22
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Plecanatide’s Unexpected pH Sensitivity

STUDIES ON SP-304 THERMOSTABILITY, pH DEPENDENCY AND
TOPOISOMERIC STABILITY

Study Number: SP-PH-004
Test Anicle: SP-304
Author: Kunwar Shailubhai

Senior Vice President, Discovery
Synergy Pharmaceuticals, Inc.

Study Dates: November 24, 2001 o December 25, 2001
Testing Facility: R&D Center, Synergy Pharmaceuticals, Inc., Norrisiown, PA

Final Repont Date:  February 15, 2008

Source Data: Synergy Pharmaceuticals Lab Notebook # 2; Pages: 170-185
Of Dr. Surendra Dheer

Synergy Pharmaceuticals, Inc
420 Lexington Ave. - Suite 1609
New York, NY 10170

Canfidentialiny Statement

HIGHLY CONFIDENTIAL INFORMATION TRULOOO18260

Bausch Health Ireland Exhibit 2028, Page | of 18

PROTECTIVE ORDER MATERIAL Mylan v. Bausch Health Ireland - IPR2022-00722

Ex.2028 at TRUL00018270, TRUL00018273 (Table 2)

Table 2: Raw Data (pH sensitivity assays)

¢GMP Levels (pmol/well) *

Test Peptide Concentration pHSS pH 6.0 DH 6.5 pH. 7.0

Uroguanylin | | - u;\iL) 24.6 21.36 24.6 21.72
SP-304 (1.2:.31:;/1\:&) 249 438 36.68 18.18
SP-302 - 2_‘,1“*;?;'“]“) 14.80 18.6 2298 17.94
SP-303 i o Hﬁ‘nu 17.46 22.26 28.14 13.62

* ¢GMP levels in T84 cells after a 30-minute incubation at 37°C.

Figure 2: Effect of 30 Minute Incubations of 0.1 pM Concentrations of SP-304,
Uroguanylin, SP-302 and SP-303 on ¢cGMP Production at Various Physiological pH Values
in T84 Cells

45 -
40 -
35 -
30 -
25 4
20 -
15 -
10 -
5 .
0 -

cGMP (pmol/well)

Patent Owner’s Resp. at 61-63; Sur-Reply at 24; EX. 2024 | 223-228; Ex. 2025 {|{ 105-108

pH
m 5.5
m 6.0
O 65
070

5P-302 Sp-303

Test Peptides

Bausch Health Ireland Exhibit 2071, Page 55 of 78
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Plecanatide’s Unexpected pH Sensitivity

110. In my opinion, these results are clinically significant and would have

been unexpected to a person of ordinary skill in the art. Nothing in the prior art taught

f 5T47ES PATENT AND TRADEMARK OFFICE that the one amino acid substitution of plecanatide would produce this significant

RE THE PATENT TRIAL AND APPEAL BOARD

improvement. This increase in ¢cGMP production is surprising, but additionally,

SCOTT MYLAN PHARMACEUTICALS INC.,

WALDMAN, M.D., Petitioner, plecanatide’s increased pH sensitivity would have been entirely unexpected. It is
Ph.D. v.
BAUSCH HEALTH IRELAND LIITED, also clinically meaningful. As discussed above, this unexpected pH sensitivity in the
Patent Owner.
acidic areas of the intestines allows plecanatide’s unexpectedly superior selective
Case [PR2022-00722
U.S. Patent No. 7,041,786 - = - . . - . . . - . .
- activity in the small intestine to provide fluid into the intestine to treat constipation,
DECLARATION OF SCOTT A. WALDMAN, M.D., PHD, FDP, FAHA,
FNAL FASPET - & ol . .
rather than in the colon, where its activity drops (pH 7) and is thus less likely to
cause adverse effects, like diarrhea. In other words, plecanatide’s targeted activity
in the small intestine (not in the colon) advantageously reduces the diarrhea rate in
PROTECTIVE ORDER MATERIAL Eﬁuaihv"::zc:;t?f il oo g patient populations.

Ex. 2025 7 110

Patent Owner’s Resp. at 61-63; Sur-Reply at 24; Ex. 2025 ] 110.
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Unexpectec

y
Superior Heat Stabilit

Figure 3: Thermostability of SP-304, Uroguanylin, SP-302 and SP-303 Following Heat
Treatment at 95°C in T84 Cells as a Function of Time

STUDIES ON SP-304 THERMOSTABILITY, pH DEPENDENCY AND
TOPOISOMERIC STABILITY

Study Number: SP-PH-004
Test Anticle: SP-304 t} 00
Author: unwar Shailubhai
Senior V Discovery
- ]
Study Dates: '?,
Testing Facility R&D Center, Synergy Phann Inc., Norristown, PA g
Final Repont Date:  February 15, 2008 et 90
Souree Data: Synergy Pharmaceutieals Lab Notebook # 2; Pages: 170185 E: N
Of Dr. Surendra Dheer iroG
= 4 vroc
Q2
W -~ SP-302
.,e
s 80 |
- sp-303
Synergy Pharmaceuticals, Inc
420 Lexington Ave. - Suite 1609
New York, NY 10170 -1‘- SP-304
TO 1 ] L] i H
Canfidentiaiity Starement
0 1% 30 45 80 80
T. .
HIGHLY CONFIDENTIAL INFORMATION TRUL00078260 me (tllil‘!]

Bausch Health Ireland Exhibit 2028, Page | of 18
PROTECTIVE ORDER MATERIAL Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2028 at TRUL00018268, TRUL00018270-271

Patent Owner’s Resp. at 64-65; Sur-Reply at 25; Ex. 2024 1[] 231-238
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ANTICANCER RESEARCH 29: 3777-3784 (2009)

In Vive Imaging of Human Colorectal Cancer Using
Radiolabeled Analogs of the Uroguanylin Peptide Hormone

DIJE LIU'#, DOUGLAS OVERBEY', LISA D. WATKINSON', SAID DATRES-FIGUEROA ',
TIMOTITY 1. HOFPMAR! A%, LEGNARD R. FORTE' 3%, WYNN A. VOLKERT' % 10d MICHAEL F. GIBLINI 357

"Research Service, Harry .

Truman Memorial Veterans® Adwinistrasion Hospiral, Columbia, MO 65201;

Departments of Rodiology, "Medical Pharmacolagy and Physiology, and *Internal Medicine,
*The Radiopharmacentical Sciences Institate, University of Missouri-Columbia, Colambia, MO 65211, USA.

Abstract. Bockgrownd: Uroguenylin is &1 endogenous
pepiide agonist thar bindy w0 the guamplate cyclase €
receplor (GC-C). GCC it avernpressed in uman
calarecral caneer (CRC), and expasure of GC-C-expressing
cells 10 GC-C agonists results in cell cycle arrest sndior
apoptosis, highlighting the therapeutic potential of such

. This stacly describes the firss use of raciolabaied
uroguanylia anaags for in vive detection of CRC. Maserials
and Methods: The pepiides uroguamlin and E*-uroguamiin
were N-terminally labeled with the DOTA chelaiing group
v NIS ester activalion and characterited by RP-HPLC,
KSI-MS, and GE-C recegtor binding asvays. The parfied
conjugtes were radiolabeled with Tne1 11 and used for in
vivo biodstribution and SPECT imaging seudies. In v
experiments were carried our wsing SCID mice beuring T8
humen colorectal cancer nemor enografis. Rerults:
Alteratio of the pasition 3 aspartate residue 10 glutamare
resutsed i increased afinity for GC-C., with ICg vatues of
30203 ond 96229 nM for E'-urogmenylin and DOTA-E*-
wroguamplin, respeciively. I wive, 1/in-DOTA-E.
urguanylin demonsiraed tomor wpiate of 1.1749.23 and
0.612007% IDig ot 1 and 4 A post injection, respectively.
The specificity of tunvor localioation was demonstrated by o=
infection of 3 mg/ky wniabeled E'-uroguanylin, which
reduced nemor wpiake by 69% . Uptake in kidney, hawever,
wis dramatically higher for the wrogwarnlin peptides han
Jor previtvasiy charscierized rediolabeled . coli heat-stcble
enteriaxin (STh) analogs tangeiing GC-C. and was also

Corvespondence to: D Michael T. O, Harey 8. Turan
300 Hos

inkibited by coinjection of wnlcrbelrd pepride in o farhion ot
previowtly observed. Conclusion: Use of wmgwanylin
dargeting vectors for in vive imaging of colorectal cancers
expressing GC-C resulted in Paor uptake that paralleled
ihat of Migher afiaicy heat-siable enteoiarin pepiides, but
atse resaltedd in isereased hidhey wptake in vive.

Guanylste cyclase € (GC-C) Is 8 type | tramamembrane
glycoprotcin expressed on beush batder membranes of
ineestinal epithclial cells, as well a5 on transformed burmn
eciom cancer cal lises such & the T-54 cell ne (1, 2). In
e nacrsal intestinal mucoss, GC-C roceptons are expressed
within the apieal (lusminal) fice of epithelial ccll membrancs,
and ase herefors isolsied from the bloodstrese by cell-cell
Night junctions (3-6), GC-C expression is
wransformed cells throughont the process of colores
carciaogencals, while expression of the cadogeaoss GC- c-
ligands guanylin and uroguanylia is iy bost (7-5).
Normally exprossed at high levels within the lumen of e
wst. GC-C is expressed on virtually all histologically
onfirmed peimary nd metstasic colorests] twmors
examined in burean pacients. while mormal tisues and ofher
iypos of camoer express misimal or s GC-C recoptors (8
6). GC-C receptors on colorectal numors retais their ligase)
Risling capacity, and exprossion of OC-C recepiors doss mot
vary as a fenction of metustatic site or prade of these tumors
{5). The usigee cxpression of GC-C by mewastaric oells of
colarecial origin within lymph nodes of pasicnis undergoing
staging for colorectal cassst (CRC) forms the basia for &
PCR-bascd dingrosth that is currently sndergoing
slinical trials (10). GC-C expression has alia formad the
besis of devolopment of ligand-based molecular agents for

Ky Words: Uroguany
yelasc C, single phoer
‘colosectil cascer, i vivg imaping.

iy ESPECT).

0250700572009 $2.00+ 40

and (erapy of colarectal cancer (9, 11-20).

u,u;nnmh s 8 16 amino acid poptide with two Sisslfide
bonds, snd has mencenolis affinity for the GC-C receptos (21,
23). Secretion of the crdogenous pepdes gmnylin asd
arogesnylin into the Jumen of the gue by ctcrochromallin
ells plays a sole in regulation of ioa and fluid homeostasis

m

ignificantly anc

uperior Bindingo

Unexpectec

Affinit

Table I. Calculated and observed (M+H)}* values and ICsq values (=
SD} for characterized peptides,

Peptide

(M+H)* Calc.

(M+H)* Obs. ICsq (M)

Uroguanylin
DOTA-uroguanylin
E3-uroguanylin
DOTA-E3-uroguanylin

1667.6
2053.6
1681.6
2067.6

39.8+149

34.5£3.3
5.0+03
9.6+2.9

1667.7
2053.9
1681.6
2067.9

Bausch Health Ireland Exhibit 2046, Page 1 of 7
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2046 at 3779

Patent Owner’s Resp. at 66; Sur-Reply at 19-20, 25; Ex. 2024 [ 241
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Liu Did Not Use Wild-Type Human Uroguanylin

ANTICANCER RESEARCH 29: 37773754 (2009)

In Vive Imaging of Human Colorectal Cancer Using
Radiolabeled Analogs of the Uroguanylin Peptide Hormone

DIIE LIU'S, DOUGLAS OVERBEY', LISA D. WATKINSON!S, SAID DAIBES-FIGUERDA',
TIMOTHY 1. HOFFMAN' A, LEONARD R. FORTE'3, WYNN A. VOLKERT' 3 snd MICHAEL F. GIBLIN' 33

asaarch Sarvice Horeu 8 Trumon Memorial Vetsrane’ Asminissroricn Hosnll Calushin MO 68201 -

Wild-type human uroguanylin was
obtained from the American Peptide Company, and E3-uroguanylin
was kindly provided by Dr. Kunwar Shailubhai at Callisto
Pharmaceuticals, I

Alierasion of the position 3 aspartate residue to gluramare  cazciocgencals, while expression of the cadogenous OC-C
resulied i increased qffniry for GC-C., with ICyg values of Jigands geanylin and uroguanylin is typically lost (7-9).

Peptides were purificd by RP-HPLC and characterized by

MALDI-TOF MS and by a competitive displacement
receptor binding assay utilizing T84 human colorectal cancer I{ L
cells and '2°I-labeled FY-STh(1-19) (Table I, Figure 2). Figure 3. RP-HPLC chromatograms of purified 1!!in-DOTA-E>-

wroguanylin (top), 111fn-DOTA- ureguanylin (bottom).

Bausch Health Ireland Exhibit 2046, Page 1 of 7
Mylan v. Bausch Health Ireland - IPR2022-00722

Ex. 2046 at 3778-3780, Fig. 3

Sur-Reply at 19-20, 25; see also Patent Owner’s Resp. at 66; Ex. 2024 1| 241-242
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Patent Owner Did Not Use Wild-Type Human Uroguanylin

.........

= Beschwerdekammern
0’ R Boards of Appeal
P

Vit Chambres de recours

N R OO A A
Adams, Harvey Yaughan John

Mathys & Squire LLP

120 Holborn

London

EC1N 230

ROYAUME UNI

CanmDase
11.06.13

P S e ],
117838 OPPOO1 [02721604.3 / 1379224
: = -

Appliant|
| Synergy Pharmaceuticals, Inc.

For completeness, we note that, because of the rapid isomeric interconversion of uroguanylin
(and the much slower interconversion of E>-uroguanylin (SP-304)), it is impossible to compare
Pt 0 s s copy f s o e 40812 the affinity of the active conformation (only) of uroguanylin to the affinity of the active
conformation of E>-uroguanylin (SP-304). Testing of the activity or affinity of the active form

(only) of uroguanylin is not possible, as it rapids converts to, and eventually reaches equilibrium
with, the inactive conformation.

Appeal number: T1366/12-3.3.04

oo
i

The Registrar  P. Cremona {f Q) ,',!

Tel.: 088 / 2398 - 3341 ’2‘;_‘: S

Annex(es): Acknowleagement of receipt - EPO Form 2936

Registered letter with advice of delivery

EPO Form 3032 auit - e L 0 Pg. 001
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd.
IPR2022-00722

Ex. 1067 at 140

Sur-Reply at 20; Ex. 2024 1 56 60
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The European Patent Office Did Not Credit Currie’s Data

Q. Okay. Are you aware that the European Patent Office

did not credit Dr. Currie's results and declined to
o invalidate the plecanatide patent?

* * %

THE WITNESS: I believe that to be true, yes.

Ex. 2069 at 104:15-19

Sur-Reply at 23

Bausch Health Ireland Exhibit 2071, Page 61 of 78
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“From the standpoint of patent law, a compound and all of its
properties are inseparable; they are one and the same thing.”

Application of Papesch, 315 F.2d 381, 391 (C.C.P.A. 1963)

Sur-Reply at 1

Bausch Health Ireland Exhibit 2071, Page 62 of 78
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Federal Circuit: Permitting Reliance on Non-Prior Art

2> Permutting reliance on non-prior art as “evidence of
% the motivation of a POSITA to explore less frequent
dosing regimens as of the priority date.”

Yeda Rsch. v. Mylan Pharms. Inc., 906 F.3d 1031, 1041-42 (Fed. Cir. 2018)

Patent Owner’s Resp. at 37

Bausch Health Ireland Exhibit 2071, Page 63 of 78
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Drs. Peterson and Epstein Are Not GCC Experts

You have never been qualified by any court or by the U.S. Patent and
Trademark Office as an expert in the biochemistry of GC-C receptors,
correct?

That's correct.

BLAKEROBERT Q- In connection with your work in this case, have you had any
PETERSON JEEE communications with Dr. Mark Currie?

A. No, I have not.

Q. Aside from your work on this case, have you ever had any
communications with Dr. Mark Currie?

No, I have not.

Do you consider yourself an expert in guanylin cyclase C receptors?
An expert, no.

NCHAEESmIEE ©O- But you perscnally have never developed a GCC receptor agonist?

EPSTEIN.MD.  »  That is correct.

Ex. 2069 at 10:6-9, 15:22-16:2; Ex. 2070 at 25:14-16, 26:2-4

Sur-Reply at 23
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Dr. Peterson Has Never Conducted a T84 Cell Bioassay

Q. Have you yourself ever conducted a T84 cell

biocassay?
BLAKE ROBERT ke ke

PETERSON , Ph.D.

THE WITNESS: I have conducted countless different
whole cell assays. That particular specific assay I
have not conducted in my laboratory, no.

Ex. 2069 at 10:15-20
Sur-Reply at 23 65

Bausch Health Ireland Exhibit 2071, Page 65 of 78
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Dr. Epstein’s Lack of Expertise

MICHAEL SAMUEL
EPSTEIN, M.D.

Ex. 2070 at 22:21-24:9

PO PO PO PO Po PO PO P Io PO

Do you have a Ph.D. in chemistry?

No, I do not.

Do you have a master's in chemistry?

No, I do not.

Do you have a B.S. in chemistry?

No.

Do you have a Ph.D. in protein engineering?

No, I do not.

Do you have a master's in protein engineering?
No, I do not.

Do you have a B.S. in protein engineering?

No, I do not.

Do you have any degrees in pharmaceutical chemistry?
No, I do not.

Do you have any degrees in pharmacy?

No, I do not.

Do you have any degrees in clinical pharmacology?
No, I do not.

Sur-Reply at 23
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Dr. Epstein’s Lack of Expertise in Statistics and Biostatistics

Q. You have never been qualified by any court or by the
U.S. Patent and Trademark Office as an expert in

BLAKE ROBERT 1 J . J d o)
PETERSON  BhID. statistics or biostatistics, correct=

* * %
THE WITNESS: I use statistics regularly in my
research, but I'm not qualified by a court in an
official certified sense, no.

Ex. 2069 at 114:13-19
Sur-Reply at 23 67
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Petitioner’s Topoisomer “Reservoir’ Argument Is Unavailing

-

.";;' ,d.' Q. There is no reservoir of inactive topoisomer for a drug that
' \3:1 N does not exhibit topoisomeric interconversion, correct?
"Lv/ THE WITNESS: I mean if there's no interconversion, there is no

BLAKE ROBERT reservoir. If that answers your question.
PETERSON, Ph.D.

Ex. 2069 at 50:18-24, 106:9-19

Sur-Reply at 5
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Petitioner’s Reliance on Currie’s Diarrhea Statements Are Misplaced

Q. Trulance is not approved for use in infants, correct?
ek ok

THE WITNESS: I believe that's correct.
Q. Linzess is not approved for use in infants, correct?

e ie o
BLAKE ROBERT
PETERSON , Ph.D. THE WITNESS: I believe that's correct.
Q. Trulance is not approved for use in domestic animals, correct?
* k% %

THE WITNESS: I'm not sure about the veterinary implications or
indications of Trulance.
Q. Linzess 1is not approved for use in domestic animals, correct?

* kK

THE WITNESS: Again, I'm not sure if it's been approved for veterinary
use.

Ex. 2069 at 28:14-29:11
Sur-Reply at 7 69
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HPLC Is Not Suitable for Manufacturing Scale

A. That
Q. HPLC
BLAKE ROBERT
PETERSON,PhD. A. That
Q. HPILC
A. That
Q. What

Q. High-performance liquid chromatography, or HPLC, is an
analytical chemistry technique used to separate compounds in a
chemical mixture, correct?

is correct.

can be used for research purposes, correct?

is correct.

can be used for manufacturing purposes, correct?

is correct.

are some of the different considerations for using HPLC on

a research scale versus using HPLC on a manufacturing scale?

* %k %

THE WITNESS: HPLC is better suited to smaller scales, and so on
a manufacturing scale, it might not be a cost-effective method.

Ex. 2069 at 22:14- 23:4, 28:5-12

Sur-Reply at 4
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Any Compound Is Toxic at High Levels

Q. Insulin is a peptide that the human body naturally produces; is
that correct?

THE WITNESS: Yes.

WG§H£MWH-CL And it's possible to overdose on insulin; is that correct?
EPSTEIN, M.D.

* Kk %k

THE WITNESS: You may overdose on insulin.
Q. And an insulin overdose can lead to death; is that correct?

* %k %

THE WITNESS: It may lead to hypoglycemia which, if left
untreated, could be fatal.

Ex. 2070 at 35:19-36:13

Sur-Reply at 4
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Certain Drugs Can Slow Colonic Transit Times

MICHAEL SAMUEL 0
EPSTEIN, M.D. :

A.

Ex. 2070 at 45:18-47:7
Sur-Reply at 3

THE WITNESS: I'm not sure exactly what you're asking. I'm a
little bit lost in that. What are you asking? You mean
something like that would cause the colon to slow down or
something like that or...

Eolrec |

Well, it could be longer if you take an antidiarrheal agent
like Imodium or Lomotil that would slow the colon down. It's
meant to do that. So it might slow down the transit through the
colon.

And opioids are another example of that would delay the transit
time?

Those are actually opioids. So yes --

CiErIEEEhe

-- opioids would do that.

72
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“Medicine Is an Art, Not a Science”

MICHAEL SAMUEL
EPSTEIN, M.D.

Ex. 2070 at 38:6-22
Ex. 2025 1 23-24

And how frequently do constipated patients have bowel
movements?

That's actually an interesting question. I have patients who
have a bowel movement every day and say they're constipated,
and I have patients that have a bowel movement less than once a
week and say they're constipated.

There's so many factors that goes into that, whether they're
obstipated, whether they have tenesmus or, you know, pressure
in the rectum, urgency or straining or incomplete evacuation or
crampy discomfort. It really is very variable. And sometimes
what we doctors think is not what the patient thinks. So it’s
more a matter of what does the patient feel, not so much what
we think. That's why medicine is an art, not a science.

[£]
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12 United States Patent
Shailubhai et al.

Claim 1 of the ’786 Patent

US007041 78682

(10) Patent No.: US 7,041,786 B2
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1. A peptide consisting of the amino acid sequence of SEQ
ID NO:20.

<400> SEQUENCE: 20

Asn Asp Glu Cys Glu Leu Cys Val Asn Val Ala Cys Thr Gly Cys Leu
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Evans: Isomer Activity Is Unpredictable

Clinical
Rheumatology

Comparative Pharmacology of S(+)-Ibuprofen and (RS)-Ibuprofen
AL M. Evans

Schoul of Prarmacy and Medical Scienees, Uriversity of South Austalia, Adelaidc, South Australia

Abstract: Racemic i
quantitics of R(-)-ib

S(-)enantiomer o a dose that is hall that of the
s racemate. For example, 200 me of S(* Hbuprofen has

been found to be superior or at least equivalent to 400
s mg of the racemate in the relief of dental pain. Passible
¢ explanations for this higher than expected efficacy of
5(+) ibuprofen are considered.

- Keywords: Chinality; Cycloox
Tbuprofen; Noo-Steroidal  Am
o Phanmacokin

Si+)-Ibuprofen does
w these unsal  Introduction

along with endog:
not appear to

) 0
en 1o patients
udies have demon-

ted that the f racemic ihuprofen
can be derived from the administration of the single

drugs) are actually used
ers  thal is. o5 Fac
o

Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd.
IPR2022-00722

Ex. 1066 at 11, 12

Sur-Reply at 5-6

However, the extent of chiral inversion varies
between individuals —~ for example, in osteoarthritis
patients being treated with racemic ibuprofen, the

fractional inversion of R(-)-ibuprofen varied between
35% and 85% [13].

The second important feature that distinguishes R(-)-
ibuprofen from S(+)-ibuprofen is its ability to interfere
with normal lipid metabolism.

I However,
200 mg of S(+)-ibuprofen provided a more rapid onset of
analgesic action than 400 mg of the racemate and
provided better pain relief over the first 3 h after dosing.
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HPLC Is Not Suitable for Manufacturing Scale

A. That
Q. HPLC
BLAKE ROBERT
PETERSON,PhD. A. That
Q. HPILC
A. That
Q. What

Q. High-performance liquid chromatography, or HPLC, is an
analytical chemistry technique used to separate compounds in a
chemical mixture, correct?

is correct.

can be used for research purposes, correct?

is correct.

can be used for manufacturing purposes, correct?

is correct.

are some of the different considerations for using HPLC on

a research scale versus using HPLC on a manufacturing scale?

* %k %

THE WITNESS: HPLC is better suited to smaller scales, and so on
a manufacturing scale, it might not be a cost-effective method.

Ex. 2069 at 22:14- 23:4, 28:5-12

Sur-Reply at 4; see also Ex. 2024 |{| 65, 130
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Evans: Pure Preparations Are Preferred

Cliss Rieumanad {3001 (Suppl 14 .
i Racumasiogy Clinical

_— In 1992, and again in 1996, T identified a range of
potential advantages of administering profens, including
ibuprofen, as enantiomerically pure preparations of the

o e o bl e (S et S-enantiomers [4,6]. These advantages included: re-

A M. Evans
chool of Pharmacy and Medical Sciences, Uriversity of South Australia, Adclaide, Soath Austral

duced metabolic load, reduced chance of pharmacoki-
Eioh netic interactions with other drugs, avoidance of
invoivement in lipid metabolism and of the pharmaco-
kinetic wvariability that arises from the metabolic
inversion of R(-)-ibuprofen, and prevention of adverse
events that may arise from the COX-independent actions
of R(-)-ibuprofen. In addition, it was suggested that
patient acceptability could be improved through the use
of smaller doses.

MYLAN EXHIBIT - 1066
Mylan Pharmaceuticals, Inc. v. Bausch Health Ireland, Ltd.
IPR2022-00722

Ex. 1066 at 13
Sur-Reply at 6 77
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Hamra 1996: Opossum Uroguanylin Is More Potent than Human

Uroguanylin

Opossum colonic mucosa contains uroguanylin
and guanylin peptides

CHRISTINE . ST, MARK © CURKIS. AND LBCARD & ROTS |+ 80 l l l I l
70 1 i
T 60 - L I
Fig. 2. Agonist-stimulated cGMP accumulation in T84 cells at pH 5.5 3
(open bars) and pH 8.0 (solid bars). Peptides and vehicle were -
suspended in HEPES and Dulbecco’s modified Eagle’s medium 2 50 A 1 Q
(DMEM) containing 50 mM sodium bicarbonate (pH 8.0), or 2-(N- a
morpholino)ethanesulfonic acid (MES) and DMEM at pH 5.5 (pH 5.5) = 40 - L
for analysis in the T84 cell cGMP accumulation bioassay. Basal, IT]
vehicle control; ST, synthetic E. coli ST-(5—17); opGn, synthetic 13} 2
opossum guanylin; opUGn, synthetic opossum uroguanylin; huUGn, o 30 1
synthetic human uroguanylin; rGn, synthetic rat guanylin-(101— £
115). All peptides were tested at 30 nM except for E. coli ST-(5—17), 8 20 - 5
which was tested at 3 nM. Error bars indicate standard error of the
mean for 3 experiments. 10 i
. = : L
ki Basal ST |opUGn|huUGn| rGn opGn

MYLAN EXHIBIT - 1019 (Corrected)
Mpylan Pharmaceuticals, Inc. v. Bausch Health Ireland. Ltd.

Ex. 1019 at G710 (Fig. 2)

Patent Owner’s Resp. at 48

Bausch Health Ireland Exhibit 2071, Page 78 of 78
Mylan v. Bausch Health Ireland - [PR2022-00722



	Slide1
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28
	Slide29
	Slide30
	Slide31
	Slide32
	Slide33
	Slide34
	Slide35
	Slide36
	Slide37
	Slide38
	Slide39
	Slide40
	Slide41
	Slide42
	Slide43
	Slide44
	Slide45
	Slide46
	Slide47
	Slide48
	Slide49
	Slide50
	Slide51
	Slide52
	Slide53
	Slide54
	Slide55
	Slide56
	Slide57
	Slide58
	Slide59
	Slide60
	Slide61
	Slide62
	Slide63
	Slide64
	Slide65
	Slide66
	Slide67
	Slide68
	Slide69
	Slide70
	Slide71
	Slide72
	Slide73
	Slide74
	Slide75
	Slide76
	Slide77
	Slide78



