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PROCEEDI NGS

THE VI DEOGRAPHER: W are now
recording and on the record. M nane is
Jason Martin. | ama |egal videographer
for Lexitas.

Today is July 29, 2026, and the
time is 9:03 a.m

This is the deposition of Steven
Berkowitz, Ph.D., in the matter of Sarepta
Therapeutics, Inc., plaintiff, versus
Genzynme Corporation, respondent, in case
nunber | PR2026- 0015, before the Patent
Trial and Appeal Board.

This deposition is being taken at
111 Huntington Avenue, Boston,
Massachusetts 02199.

The court reporter is Judith
WIIlians.

Counsel will state their
appear ances, and the court reporter wll
adm ni ster the oath.

ATTORNEY HACKMAN: | am Bl ai ne

Hackman of Dechert LLP on behal f of
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Genzyne.

ATTORNEY HELM  Kat heri ne Hel m on
behal f of Genzyne.

ATTORNEY W LSON: Robert W/ son
from Qui nn Emanuel Urquhart & Sullivan on
behal f of Sarepta Therapeutics and the
W t ness.

STEVEN BERKOW TZ, Ph.D. , first
havi ng been satisfactorily identified by
the production of his driver's |license and
duly sworn by the Notary Public, testified
under oath as follows in answer to
exam nation by ATTORNEY HACKMAN:

Q &ood norning, Dr. Berkowtz. |
represent Genzyne Corporation in this
proceedi ng, and I am going to ask you sone
guestions today, and | would like to go
over before, a few ground rules before we
begi n.

So, first, when | ask a question,
pl ease | et ne finish asking the question
before you begin your answer, and | wll

do the sane for you?
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The court reporter needs the
opportunity to take down the testinony, so
if we talk over each other, it is
difficult for her to do that.

Second is to please answer
verbally. Things Iike nods, head shakes,
can't be captured in your response on the
transcript, so we need verbal answers to
nmy questions.

Third, if you don't understand a
question, please say so, and | wll try to
rephrase or clarify. |If you answer a
guestion, I wll assune that you
under st ood the questi on.

Is that fair?

A. Yes.

Q GCkay. And finally, your counsel
m ght object to sonme of ny questions.
Unl ess you receive an express instruction

not to answer, you have to answer ny

question --
A. Ckay.
Q -- to the best of your ability.

So have you ever been deposed
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bef ore?

A. No.

Q And you do understand you are
under oath today, so just as if you were
testifying in a courtroonf

A. Correct.

Q Is there any reason you cannot
provi de truthful testinony today?

A. No.

Q And one other thing actually I
forgot to nention. |If you need a break at
any tinme, just let nme know. The only
thing | ask is if there is a question
pendi ng that you conplete the answer to
t he question, and then we can take a
br eak.

A. | have got it.

Q So have you revi ewed any
docunents in preparation for your
deposition today?

A. Yes.

Q And what docunents did you
revi ew?

ATTORNEY WLSON: Well, | am
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going to object to that as calling for
wor k product and attorney-client
privileged information, and | w |

i nstruct you not to answer.

BY ATTORNEY HACKMAN:

Q GCkay. So you did as part of
preparing your declaration, you revi ewed
some docunents?

A. Yes.

Q And you identified those
docunents in your declaration? Right?

A. Yes.

Q And in preparing for the
deposition, did you review those docunents
as wel | ?

ATTORNEY WLSON: The sane
obj ecti on.

| instruct you not to answer.

ATTORNEY HACKMAN: So, counsel, |
think that what | amtrying to get at it
Is not privileged. It is just to get to
the extent he is testifying today | want
to know what sort of documents he is

relying on.

10
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11
ATTORNEY WLSON: Right. | nean

that there is a difference between what he
relied on in preparing his declaration and
t he docunents that he reviewed as part of
preparing for his deposition, and I am
obj ecting to your questions about the
speci fic docunents that he reviewed in
preparing for the deposition as work
product and attorney-client privileged.
ATTORNEY HACKMAN:  So |l et ne ask
alittle bit of a different question.
ATTORNEY WLSON. Ckay.
BY ATTORNEY HACKMAN:

Q Are there any docunents that you
reviewed in preparing for your deposition
that are different than the docunents that
you reviewed in preparing your
decl aration?

A. No.

Q Ckay. So that the entire corpus
of docunents that you have reviewed in
preparing your testinony for both the
decl aration and deposition are the ones

that are listed --
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12
A. Yes.
Q -- in your declaration?
A. Yes
Q Ckay.
ATTORNEY HACKMAN. W th that, it
actually makes sense to mark Exhibit 1004.
This is Dr. Berkowtz's declaration.
ATTORNEY WLSON: Do you need
that separately nmarked by the court
reporter?
ATTORNEY HACKMAN: | don't know.
The exhibits are marked as part of the IPR
proceedi ngs, but.
(Decl aration of Steven
Berkowi tz, PH. D. In support of
Petition for Inter Parties Review
of U S. Patent No. 12,031, 894
mar ked Exhi bit 1004 for
identification.)
(Handi ng Exhibit 1004 to the
W t ness.)
BY ATTORNEY HACKMAN:
Q So if you could just take a | ook
t hrough your decl arati on and confirmthat
www.LexitasLegal.com/Premier  Lexitas 888-267-1200
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this is indeed your declaration that you
subm tted in the case?
(Pause.)
(Wtness viewi ng Exhibit 1004.)

A. Yes.

Q And that signature on page 116,
I's that your signature?

A. Yes.

Q And in preparation for today's
deposition, did you neet with anybody?

A. Today?

Q Prior to your deposition

A | nmet with counsel.

Q Al right. And when did those
nmeeti ngs occur?

A. Yesterday in person.

Q And you said in person. Wre
there other neetings as well?

A. Zoom neetings, yes.

Q Okay. And approximately how | ong
did you spend preparing for your
deposi tion?

A. Maybe 20, 30 hours.

Q Let's talk alittle bit about

13
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14
your professional background.
So you worked at Biogen --

A. Correct.

Q -- prior to -- and I want to nake
sure -- | know it is the natural course of
conversation you want to answer. Just
make sure | finish the question --

A. Sorry.

Q -- just for her benefit.

A. Yes.

Q Thanks.

So at Biogen, you said your work
i nvol ved anal ytical and bi ophysi cal
characterization, purification and
formul ati on and devel opnent of
bi opharmaceuti cal products. That is a
reasonabl e characterization?

A. Yes.

Q And did that work at Bi ogen
i nclude virus-like particles and viral
vectors for gene therapy applications?

A. Yes.

Q Since retiring you have worked as
a part-tinme consultant? |Is that right?
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15

A. M nimal consulting.

Q And who have you consulted for?

A. Several biotech conpanies in
addition to, well, Biogen, ny fornmer
conpany.

Q Are you able to disclose which
conpani es those are?

A. Yes.

Q Gkay. Can you please disclose
whi ch conpani es you consulted for?

A. Henology. There was -- | don't
know -- a nunber of these | don't renenber
exactly the nanes. Addium  Spark.

| amtrying to think.
(Pause.)

A Is it PPD? | forget the nane of
it. There were a couple of others. |
just don't renenber the nanes.

Q That is fine. Have these
consul tanci es been in a technical --

A. Yes.

Q And you al so have done expert
wor k for other conpanies, right, in patent
pr oceedi ngs?
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A. Have | done expert work for
pat ent ?

Q For exanple, have you prepared
expert declarations in other patent
proceedi ngs?

A. No.

Q | seemto recall Novartis, you
preparing a declaration. Do you recal
t hat ?

A. Oh, excuse nme. | correct nyself.
Yes. Yes. Sorry.

Q And that involved an anal ytica
ultracentrifugati on patent that was owned
by Genzyne? Right?

A. R ght.

Q And that also involved -- | wll
gi ve you another word here --
adeno-associ ated viral particles?

A. Correct.

Q Okay. How nmuch of your work
since your retirenment has focused on the
application of analyti cal
ultracentrifugation to gene therapy

product s?

16
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17
A. Mdst of it.

Q And has that been -- actually I

wi t hdraw t hat questi on.
What sort of viral particles have

you consulted on in that work?

A. Adeno- associ at ed vi rus.

Q And we can call that AAV?

A. Yes.

Q Gkay. And you have al so done
wor k on adenoviruses as wel | ?

A. Yes. Wile | was enpl oyed. Yes.

Q So the work on adenoviruses was
during your course of enploynent?

A. Yes.

Q And did you work on AAVs while
you were at Bi ogen?

A. No.

Q Your AAV has started since your
retirenment?

A. Correct.

Q What year approximately did you
begi n wor ki ng on AAV?

A. Sonething on the order of '15,

'16, something |ike that, roughly
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speaki ng. You know, it is an approximte
on ny guess.
ATTORNEY HACKMAN: | amgoing to
mar k anot her exhi bit.
(Article entitled "Monitoring
t he honogeneity of adenovirus
preparations (a gene therapy
delivery system using anal yti cal
ultracentrifugation"” nmarked
Exhi bit 1023 for identification.)
BY ATTORNEY HACKMAN:
Q Dr. Berkowitz, I am handi ng you
Exhi bit 1023.

(Handi ng Exhibit 1023 to

W t ness.)

Q So, Dr. Berkowitz, | just want to
confirm | have handed you your 2007
publication by Berkowitz and Philo. Is

t hat correct?

A. Correct.

Q And in this publication, you
di scuss anal yses of adenovirus
preparations by anal yti cal

ultracentrifugation? Correct?

18
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19
A. Yes.

Q Is it okay if I -- if | use AUC
when | am descri bing anal yti cal
ultracentrifugation?

A. You can, but it can be very
confusing to some extent, because there
are various techniques that fall under
t hat .

Q And the techniques that fal
under that you are referring to are
sedi mentation equilibrium and
sedi nentation velocity?

A. Even then there is sone sort of
potential confusion, because there are
different types of equilibrium and
velocity. There is actually there are two
different types of velocity, there is
boundary and band sedi nentation velocity,
and equilibriumvery comonly is just
normal equilibrium and then there is
density gradient equilibrium typically
often referred to as cesiumchloride
density gradient equilibrium which also

has other names. But in terns of using
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t hose kinds of abbreviations, it can get
confusi ng basically.

Q Al right. I will do ny best to
descri be what type of AUC that | am asking
a question about, and if you need
clarification, let nme know W wll make
sure we are on the sane page.

A. Absolutely. | get it. | nean |
do the sane thing unfortunately. | wll
say one thing and | will do the other.

Q Understood. It is a lot of --
and it is a nouthful to say over and over
again. Ckay.

So you are famliar with this
Exhibit 1023 that | handed you? Right?

A. Yes.

Q And in this publication, you
studi ed adenovirus preparations by various
AUC t echni ques? Right?

A. Correct.

Q And one of those techni ques was
t he banded sedi nentation velocity AUC? |Is
that right?

A. One of them Yes.

20
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Q Al right. And you said that is
one of them \WWhat other techniques do you
remenber applying to this?

A. Boundary. Boundary velocity
sedi nentation AUC, ultracentrifugation
So that is boundary sedi nentation
vel ocity, analytical ultracentrifugation.

Q So adenoviruses are structurally
different from AAV? Right?

A. Yes.

Q And one of the structural
differences is that they are substantially
| arger in size? |Is that a reasonable
characterization?

A. Yes.

ATTORNEY WLSON: | object to
form
BY ATTORNEY HACKMAN:

Q Now you nentioned this paper. |If

we go to page 18 of this publication.

| amreferring to the nunber at
the top of the page, | think the way it
was nunbered as an article not the way it

I's nunbered in the exhibit. | amgoing to

21
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22
try to speak to that convention to avoid

confusion. | wll refer to the article
nunbering. Again if you have any
guestions or confusion, please ask for
clarification.

A. Can | ask -- can | interject
sonet hi ng here?

Q Sure.

A. In your previous questions, |
didn't fully answer it. You asked what
ot her techni ques.

So in here there is in ternms of
anal ytical ultracentrifugation, there is
cesium chl ori de density gradi ent
equilibrium so.

Q And for the cesiumchloride
density gradient equilibrium what was the
pur pose of that study in terns of what you
were doing in this paper?

A. To assess mcroheterogenicity or
heterogenicity -- to assess heterogenicity
In the preparation in terns of buoyant
density.

Q And by heterogenicity in terns of
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buoyant density, you are trying to
Identify the different particle species
that are in that conposition?

ATTORNEY WLSON: | object to
form

A. Correct.

BY ATTORNEY HACKMAN:

Q And that technique that you are
describing with the cesiumchloride
sedi nentation equilibrium that separates
particles based on their density? Right?

A. Buoyant density, right.

Q Buoyant density, is that
different than just density?

A It is -- there is a density form
but it is related to the buoyant effect in
the anal ytical ultracentrifugation,
because there are three different types of
forces that are involved. There is, you
know, frictional forces; there is the
acceleration force fromthe rotation; and
then there is the mass effect basically.
So there is a buoyant effect and a mass

effect and a frictional effect.

23
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Q When you are using one of the
equi li brium techni ques of AUC, does
particle friction vary dependi ng on the
different species that are in the
conposi tion?

ATTORNEY WLSON: (Qnojection.

A. Sone forns.

BY ATTORNEY HACKMAN:

Q Does particle friction inpact the

out cone of sedinmentation equilibriunf
ATTORNEY WLSON: | object to
form

A. Yes. It is in the Svedberg
equati on, yes.

BY ATTORNEY HACKMAN

Q So the Svedberg equation |
t hought relates to the rate of
sedi nent ati on?

A It relates-- it gives you the
velocity, but there is no -- you know, if
you reach forces that are bal ancing, then
there is no novenent basically.

Q Under st ood.

So that then in the sedi nentation

24
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equilibrium where they -- where the

particles end up in the chanber --

A. Right.

Q -- is determned in part by
friction?

A. No.

Q Ckay. So it is where the
particles end up in the chanber is
strictly determ ned by their buoyant
density?

A. Correct. Right. | nean the

Svedberg equation is the basis of al

out fromthat eventually starting from
that type of equation

Q So friction inpacts the rate,
rate of sedinentation, but it doesn't
ultimately i npact where once you reach
equilibriumthe particles line up?

ATTORNEY WLSON: | object to

form

A. Correct.

BY ATTORNEY HACKMAN:

anal ytical ultracentrifugation equations

basically. So the equilibriumwll cone

t he

25
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26
Q OCkay. If I could go back to, |

think I referred you to page 18 --

A. Right.

Q -- of your Exhibit 1023
publ i cati on.

If you go to the right col um.

A. Right.

Q W tal k about the weight-average
transl ational frictional coefficient
ratio.

THE REPORTER: | need to go off
t he record.
(Di scussion off the record.)
THE VI DEOGRAPHER: The tine is
9:21 a.m, and we are on the record.
ATTORNEY HACKNMAN:  Ckay.
BY ATTORNEY HACKMAN:

Q So, Dr. Berkowitz, | referred you
to page 18 of your Exhibit 1023
publication, and I was pointing to a
paragraph in the right columm that refers
to the "wei ght-average transl ati ona
frictional coefficient ratio.”" Do you see

t hat ?
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A. Yes.

Q So what is the weight average
transl ational frictional coefficient?

A. So, it basically -- the -- the --
the F without the naught under it, that
woul d be corresponding to the frictiona
coefficient of the particle as it
naturally exists. And then it is being
rati oed to sonething of equival ent
nol ecul ar weight in a spherical form The
naught refers to a sphere.

And so you are taking that ratio,
and then the concept of weight average, or
W has to do with how the things are used
Iinthe -- it Is just an average of the
nunber. You are conparing a nunber or a
collection of particles, and you are
taki ng a wei ght average.

This ratio is actually used in
SEDFI T to do the deconvol ution

Q And the F naught you are
referring tois this F wth the subscript
zer o?

A. Right.
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Q O 0?

A. Yes.
Q And the next part of it says:
"Thi s wei ght average
transl ational frictional coefficient,
whi ch provided optimumfits for the c(s)
distributions was 1.87 plus or mnus 0.1"
-- excuse nme -- "0.10 (SD)."
So what is this telling you about
t he adenoviruses frictional coefficients
conpared to the ideal spherical particle
t hat you have nenti oned?
ATTORNEY WLSON: | object to
form
A It is basically |ess, anal ogous
to a sphere. |Its shape is deviating away
froma sphere which would be one. The F
naught woul d for a sphere correspond to a
val ue of one.
BY ATTORNEY HACKMAN:
Q Under st ood.
So the fact that you have
additional friction is caused by sonething

structural that is on the surface of the
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particle that is causing it to behave in a

noni deal fashion? |[|s that reasonabl e?

ATTORNEY WLSON: | object to
form

A. Yes. But it could be other
aspects of the whole -- the whole surface
-- not the surface -- but the whole
t opol ogy and shape of the particle is
devi ating away from a spherical conponent.
BY ATTORNEY HACKMAN:

Q Inthis case if we go a little
bit farther down this right colum --

A. Yes.

Q -- you have a sentence here that
says:

"Thi s apparent discrepancy
between a highly symmetric, nearly
spherically shaped particle and the high
f/f naught ratio determ ned by boundary
sedi mentation velocity in this work is
probably due in large part to the 12 spike
projections that extend about
30 nanoneters beyond the adenovirus 90

nanonet er di aneter capsid shell."
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Did | read that roughly
correctly?

A. Yes. That is correct.

Q So with the adenoviruses, there
are things on the surface that are causing
there to be nore friction than there would
be had the particle been closer to a
spherical shape? |Is that right?

A. That's right.

ATTORNEY WLSON: | object to
form
BY ATTORNEY HACKMAN:

Q And so how did you identify the
presence of those spike projections?

A. By electron mcroscopy is one
appr oach.

Q And in this particular
publ i cation, was electron m croscopy the
anal yti cal technique that you used to
identify the spikes?

A. No, | didn't. No. Not in this
wor k.

Q So you got the information about

the structures from sonebody el se's work?

30
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A It exists in the literature.

Q And do you recall what anal ytica
techni ques were described in the
literature for adenovirus particle shapes?

ATTORNEY WLSON: | object to
form

A. Electrom croscopy in terns of
I dentifying the presence of fibers. |
wasn't involved in the work, but I, you
know, | have seen pictures of adenoviruses
in the literature which shows fibers
basi cal | y.

There m ght be ot her nethods that
have been used. [I'mjust -- right off the
bat I don't -- | don't know for sure.

BY ATTORNEY HACKMAN

Q And the electron m croscopy
nmet hods, do they | ook specifically at
i ndi vidual particles that were isol ated
fromthe bul k conposition?

ATTORNEY W LSON: (bj ecti on;

f oundati on.
A. You are | ooking at the grid.

They are individual particles basically on
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the grid.
BY ATTORNEY HACKMAN:
Q So adenoviruses are substantially
| arger than AAV particles? Is that right?
ATTORNEY WLSON: | object to
form
A. Can you repeat that question?
BY ATTORNEY HACKMAN:
Q So adenovirus particles, their
di aneters are substantially |larger than
AAV particles? Right?
A. Correct. Yes.
Q And that inpacts the surface area
to volunme of the particles? R ght?
ATTORNEY W LSON:  (bj ecti on.
ATTORNEY HACKMAN: Let ne
wi t hdraw t hat questi on.
BY ATTORNEY HACKMAN:
Q So if a particle with a |arger
di ameter has a |l ower surface area to
volunme ratio than a particle with a
smal | er dianmeter, is that reasonabl e?
ATTORNEY WLSON: Qojection;

f oundat i on.

32
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A. Can you repeat that again for ne?

BY ATTORNEY HACKMAN:

Q Sure.

So the surface area to vol une of
a particle --

A. Yes.

Q -- is determned by how nuch area
exists on the surface of the particle
versus the volunme of what is contained
within the particle? Is that right?

ATTORNEY W LSON: (bj ecti on;
f oundati on.

A It is -- there is nore vol une
obviously in a bigger particle than a
smal l er particle of the sanme shape. Ckay?
So are you asking ne about the ratio of
the volume to the surface area?

BY ATTORNEY HACKMAN:

Q Right.

A | -- basically there is -- there
are rel ationshi ps between a famly of
particles. So you can understand there is
a progression that one can see in terns of

behavi or that spheres follow a certain
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type of, you know, relationship in terns

of various sedinentation properties.

Q Has there again a docunented
rel ati onship between friction and surface
area to volune ratio?

ATTORNEY WLSON: (Qnojection;
f oundati on.

A. There are, in terns of
sedi mentation to mass, there are
rel ati onshi ps. Yes.

BY ATTORNEY HACKMAN:

Q So mass, though, doesn't
necessarily inpact the surface area of a
particle? Right?

A. There is nore surface area -- you
know, there has to be nore surface area on
a bigger particle than a snmaller particle
in terms of both being spheres.

Q But what | amgetting at, |
guess, is when dealing with friction, does
havi ng nore surface area relative to the
volume of the particle nake friction a
bi gger factor for a smaller particle?

ATTORNEY WLSON: Qojection;
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f oundati on.

A Wll, if there is nore -- if
there is nore surface area, there is nore
friction basically.

BY ATTORNEY HACKMAN:

Q Areally quick question.

So this paper that you worked on
wi th adenovirus, right, have you published
at all on AAV particle AUC?

A. Yes.

Q OCkay. Wen were those
publ i cati ons?

A '24, '25 -- 2024, 2025. There
may be one earlier, 2021, '22, that it
wasn't focused on the virus per se. |t
was focused on the actual instrunent and
exi sting possible problens with the
I nstrunent .

Q So you nentioned an existing
possi bl e problemw th the instrunent?

A. Yes.

Q Can you descri be what that
pr obl em was?

A. Yes. It was the design of the
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tenperature controller on the instrunent.
Controlling tenperature is a very
i nportant attribute to getting stable
sedi nent ati on.

Q Wat -- if tenperature is not
controll ed, what sort of issues can arise?

A. Convecti on.

Q And how does convection affect
the results?

A. M Xxi ng.

Q So describe what you nean by
m Xi ng.

A It gets stirred up basically.
You get vortexes forned. You get
I nversion of the material, which basically
| eads to m xi ng.

Q And if you were to | ook at a
sedi mentation distribution outconme, how
woul d that sort of issue, the m xing
i ssue, affect what you get out of that
sedi mentation coefficient plot?

A. Ckay.

ATTORNEY WLSON: Qojection;
f oundati on.
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A. Well, what woul d happen -- what

happens basically and what happened wth
that instrument -- so this is the third
generation instrunment that Beckman
designed, and | think it was rel eased at
t he very begi nning of 2018.

And Biogen -- | was working with
peopl e at Biogen. They bought one of the
first instrunents, and it was installed in
their lab, and I was hel ping them do sone
-- sone work, and they were running
anti body at | ow speeds. They were
actually using the antibody as a reference
standard for their AAV work. So running
at roughly 16,000 RPM they were getting
no sedi nent ati on.

So what happens is that what we
basically pointed to is that there were
m xi ng effects, convection occurring in
t he sedi mentation

So the effect of not controlling
tenperature, getting m xing, when you | ook
at what you see in your -- by your

detector, instead of seeing an actual
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sedi nenting boundary pulling away fromthe
meni scus, you see nothing. You just see
the starting solution as it additionally
was put into the cell, because the
material is constantly being m xed by
thermal gradients that are induced during
the running of the instrunent.

Q Is this a commopn issue that was
observed to happen in instrunments even
before the rel ease of the 2018 Becknan
I nstrunent ?

A It was actually very inportant in
terms of the design of the instrunent
goi ng back to Svedberg.

ATTORNEY HACKMAN. | just want to
mar k anot her exhibit. This is
Exhi bit 1005.
(CurriculumVitae of Steven A
Berkowi t z, Ph.D. marked
Exhi bit 1005 for identification.)
(Handi ng Exhi bit 1005 to w tness.
BY ATTORNEY HACKMAN:
Q Dr. Berkowitz, this is a copy of

your CV that was filed with your

38
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declaration? R ght?

A. Yes.

Q And you had nentioned that sone
of these recent publications that you had
regarding the AUC i nstrunents that we were
just discussing?

A. Yes.

Q Can you identify where on your CV
t hose publications are?

A. So the one we're tal king about
right nowis one, two, three, four, five
-- going down, it is the fifth publication
wi th Tom Laue.

Q GCkay. And this work that you
were describing regarding the mxing, are
all of the publications that arose from
that work included in your CV?

A. Can you repeat that question?

Q Yes.

So you nentioned that you had
sone recent publications --

A. Yes.

Q -- that you were studyi ng AAV

particl es?
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A. Correct.

Q Are all of those publications
listed in your CV?

A. Again could you just repeat? |
amsorry. | --

Q That's okay.

So you had nentioned that you had
sonme recent publications that involved
work with AAV particles?

A. Right.

Q So ny question is whether you
could identify for us which of those --
whi ch of these publications --

A Ch.

Q -- docunent that work that you --

A. Oh, okay.

Q -- referred to.

A. Sorry. So the next one up
i nvol ved with Larson.

The one just below it, another
Berkowtz. | was |lead author there with
Larson and Bou- Assaf and Tom Laue.

Then above that, Larson,

Bou- Assaf, Laue and nyself.
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And the top one was Bouch. That
I s Spark Pharmaceutical. There is a list
of other authors.

And then just below, | didn't
mention it going up, Berkowitz, | was
asked to wite an article. That doesn't
-- 1 did talk about anal ytica
understandings. It was sort of an insight
article for sonebody to give sone
perspective of the analytical tools that
dealt with characterizing virus particles.

Q And the references you have
|isted here on your CV --

A. Right.

Q -- are these all of the
references that you published?

A. Yes.

Q Ckay. Let's go back. So you
have your Exhibit 1004, which is your
decl ar ati on.

(Wtness conplying.)

Q And | would like for us to go to
par agraph 30 of that declaration, and in
fact, go ahead and review that, and then |
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wanted to direct questions to this figure

t hat you have here on page 15.

A. Ckay. Thank you.

Q And | believe earlier when we
wer e di scussing AUC and the abbreviation
general ly, you had nentioned the various
types of AUC techni ques? Right?

A. Correct.

Q And is this figure a good sumary
of the various AUC techniques to which you
wer e descri bi ng?

A. Yes.

Q So there are two general classes
you have identified here: Sedinentation
velocity, SV; and sedinentation
equilibrium SE? Right?

A. Correct.

Q And is a key difference between
t hose two techniques the rotor speed which
controls the strength of the centrifuga
field as it is applied to the sanple?

A. Yes.

Q And in SV-AUC, sedinentation

velocity, the rotor then spins fast enough
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to force the particles to mgrate all the

way to the bottomof the cell? R ght?

A. Correct.

Q Were in SE-VOC the rotor spins
at a much | ower speed, and that all ows
each particle to settle into its own
static equilibriunf? 1Is that right?

A. Correct.

Q Now because of the differences in
t hese techni ques, the forces that inpact
the output of the studies are different?
Ri ght ?

ATTORNEY WLSON: | object to
form

A. The sane forces are applied, but
the resulting output leads to a different
behavi or and m gration or |ack of
m gration.

BY ATTORNEY HACKMAN:

Q Right. And the sedinentation
rate broadly depends on three forces:
Centrifugal force, buoyant force, and
frictional force? |s that reasonable?

A. Yes.
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Q And the frictional force depends
on the frictional coefficient of the
particle? Right?

A. Yes.

Q And the frictional coefficient is
affected by the overall size and shape of
the particle? Right?

A. Yes.

Q Now in addition to size and
shape, are there other properties of a
particle that can inpact the frictional
coefficient?

A. O her than -- can you -- can you
j ust repeat that question?

Q Yes. Absolutely.

So you have nentioned size and
shape are one of the factors that wll
determine the frictional coefficient for a
particle? Right?

A. Right.

Q And so are there other properties
of a particle that could inpact the
frictional coefficient?

ATTORNEY WLSON: | object to
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form

AL It is possible that the -- that
the chem cal nature of the surface may
have sone influence on -- on -- on sone
bul k properties that go on in the
interaction with the bul k sol vent
basi cal | y.

BY ATTORNEY HACKMAN:

Q So you said the interaction with
t he bul k solvent. Does that nean that
there is sone sort of chem cal interaction
that occurs between the particle and the
sol vent ?

ATTORNEY WLSON: | object to
form

A It is a chemcal force. Yes.
Sone ki nd of adhesion of sone sort
basically that plays out in terns of
draggi ng additional solvent with the
particle as it mgrates, which would
reflect sonme differences in frictional
coefficient.

BY ATTORNEY HACKMAN:

Q And what chem cal properties of a
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particle would affect that chem cal

adhesion that you are referring to?
ATTORNEY WLSON: | object to
form

A. The chem cal groups that are on
the -- on the surface basically.

BY ATTORNEY HACKMAN:

Q Does charge affect the
i nteracti on between the nmedi um and the
particle?

A. It is possible.

Q So if you had two particles that
were of identical size and shape but they
had di fferent net charges on them could
that lead to them having different
frictional coefficients?

ATTORNEY WLSON: Qnjection;
f oundati on.
A It is possible.
BY ATTORNEY HACKMAN:

Q How woul d you know whet her those
chem cal properties inpact the frictional
coefficient?

A. Basically by looking at its
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hydr odynam c properties.

Q And how do you study hydrodynam c
properties?

A. Size exclusion chromatography is
one technique, and certainly
ultracentrifugation velocity,
sedi nentation velocity,
ultracentrifugation.

Q And so the only one to actually
det erm ne whether there is hydrodynanic
forces that are affecting a particle would
be to actually do an SV- AUC experi nent ?

ATTORNEY WLSON: (Qnjection;
form

A. Can you repeat that again?

BY ATTORNEY HACKMAN

Q Sure. Actually I amgoing to ask
alittle different question.

Just by looking at a particle on
an el ectron m crograph, can you det ect
chem cal differences between particles
that could i npact these hydrodynam c
forces that you descri bed?

ATTORNEY WLSON: Qojection;
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f oundat i on.

A. Electrom croscopy typically | ooks
at the physical topology of the particle.
There are other fornms that m ght nore
advanced cryoEM may | ook at structural
effects that mght lead to sone
I nformation that sone changes have
occurred.

Q So looking at a bulk el ectron
m crograph image can't tell you anything
-- everything --

ATTORNEY HACKMAN: Let ne
withdraw that. | don't want to mess up
this one.

BY ATTORNEY HACKMAN

Q So |l ooking at the bulk el ectron
m crograph inmage can't tell you everything
about the particle's frictional
properties? Right?

ATTORNEY WLSON: (Qojection;

f oundati on.

A. Yes. It can't tell you

everything about it, other than its

t opol ogy basically.
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BY ATTORNEY HACKMAN:

Q By topol ogy, you nean the size
and shape --

A. Yes.

Q -- of the particle?

So woul d you agree that friction

Is a factor that conplicates sedi nentation
velocity in AUC anal ysis conpared to
sedi nentati on equilibrium anal ysis?

A. Yes.

ATTORNEY WLSON: | object to

form

A. The frictional coefficient plays
a role in sedinentation velocity. Yes. |
mean it is an active conponent.
BY ATTORNEY HACKMAN

Q And if you wanted to determ ne
whet her there mi ght be frictional
di fferences between two species of
particles that have otherw se the sane
density, what would be the sort of
anal ytical techniques that you would use
to do that?

ATTORNEY WLSON: Qojection;
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f oundati on.

A. | have just nentioned the two:
si ze excl usi on chromat ography and
anal ytical velocity -- analytica
ultracentrifugation.

BY ATTORNEY HACKMAN:

Q So size exclusion chromatography,
can you expl ain how that would anal yze for
properties that would affect a particle's
friction?

A It is basically |ooking at the --
the -- the -- it is concerned with the --
the volume -- the size of the particles,
whi ch woul d enconpass any hydration, you
know, aspects of the nolecule. So you are
| ooking at its -- its bul k novenent
t hrough the various physical structures
whi ch woul d reflect the size of the
particle basically.

Q And you nentioned there was one
ot her anal ytical technique that you use to
anal yze particle friction?

A. The anal ytical sedinentation --

sorry -- velocity -- sedinentation

50
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velocity ultracentrifugation.

Q If you wanted to get an idea of
how two species of particles differed in
terns of their frictional coefficient
bef ore doi ng sedi nentation velocity AUC
experinment, would you say size excl usion
woul d be the best technique to use?

ATTORNEY WLSON: | object to
form

A | would think it would be
anal ogous to what you would get with, you
know, with -- with velocity sedi nentation.
| think both techniques could give you
basi cal |y equi val ent i nformation.

| should al so nention -- and
didn't nention -- that you could | ook at
di ffusion coefficient nmeasurenents
basically to get information -- rough
information to get solutions size
i nf or mat i on.

But by and | arge, size exclusion
chromat ography and anal ytical --
sedi mentation velocity ultracentrifugation
are sone of the best tools to really use.
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You could, as | just nentioned, which I

forgot to nention, is |ooking at dynam c
| ight scattering, which neasures
diffusion, it is also good, but it has a
| ot of conplicating effects of naking sure
you get rid of other contam nants
basically. 1t is not necessarily the best
technique to use. O these three, | would
put the two that | nentioned initially,
si ze excl usion chromat ography and vel ocity
-- sedinentation velocity anal ytica
ul tracentrifugation as sort of conparable
t echni ques.

Q So | amgoing to ask a slightly
di fferent question.

If you had a particle and you
don't know what its nol ecul ar wei ght was,
whi ch of the AUC techni ques woul d a person
of ordinary skill in the art find as nost
useful for determ ning the nol ecul ar
wei ght of that particle?

ATTORNEY W LSON: (bj ecti on;

f oundati on.

A. Equilibriumtends to be the best.
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BY ATTORNEY HACKMAN:

Q And is equilibriumthe best
t echni que because you don't have to
concern yourself with the friction that
different particles would experience?

A. Yes.

ATTORNEY WLSON: Qnjection;
f oundati on.
BY ATTORNEY HACKMAN:

Q | want to go back to your

decl aration, Exhibit 1004.
(Wtness conplying.)

Q If you would go to paragraph 48
| think it is on page 24.

A. Oh, excuse ne. | went to
paragraph twenty -- excuse ne -- on
par agr aph 48 on 287

Q Page 24.

A. Ckay. M nunbers. Page 24,
par agr aph 487

Q Yes.

A. Right.

Q And there is a figure on this

page that is a -- you referred to as a

53
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sedi nentation coefficient profile
generated by the SEDFIT program for SV-AUC
data for a sanple with two speci es.
Ri ght ?

A. Right.

Q So this is intended to be a
representative exanple of what a
sedi mentation coefficient distribution
profile | ooks like? Right?

A. Yes.

Q So each of these peaks that are
In this image you have here correspond to
a species of particles having particul ar
sedi nentation coefficients? Right?

A. Yes.

Q And if you have a heterogenous
m xture of particles |ike this where you
have different particle species, the
useful ness of sedinmentation velocity AUC
depends on the ability to resol ve these
di stinct peaks for each species? R ght?

A. Right.

ATTORNEY WLSON: (ojection to

form
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THE WTNESS: Sorry. Can you
repeat that again?

ATTORNEY HACKMAN:. Coul d you j ust
read ny question back.

(The pendi ng question and
obj ection were then read.)

THE WTNESS: | believe so.
BY ATTORNEY HACKMAN:

Q And if these peaks start to
overlap, can it becone nore difficult to
determ ne the presence of nultiple
speci es?

ATTORNEY WLSON: | object to
form

A. Yes. If they start overl apping,
yes, they can. They woul d.

BY ATTORNEY HACKMAN:

Q And so it is inportant to be able
to have separate peaks when you are
| ooki ng at a sedi nentation coefficient
di stribution?

ATTORNEY WLSON: | object to
form

A. You always want to be able to --
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in terns of characterizing your material,

you want to know what is in there. You
want to be able to separate it, you know,
whatever really is in there. So if for
some reason they overlap, you are m ssing
information. So you are | ooking for
techniques that if different things are
present you want to separate them out.

Q And what could be sonme of the
causes for peaks that overlap in a
sedi mentation coefficient distribution?

ATTORNEY W LSON: (bj ecti on;

f oundati on.

A. They have the sane sedinentation
coefficient and --
BY ATTORNEY HACKMAN

Q Wiat if the species have
di fferent sed sedinentation coefficients
but their peaks are in some way
overl apping with each other?

ATTORNEY W LSON: (bj ecti on;

f oundati on.

A. They overlap? Can you -- sorry

-- can you --
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BY ATTORNEY HACKMAN:

Q Wy don't we go to -- | think
there are exanples in your report that we
can go to.

Just bear with ne for a second.
(Pause.)

Q If you go to paragraph 108 in
your declaration, the paragraph 108 is on
page 54 of your decl aration.

(Wtness conplying.)

A. Yes.

Q These are two figures that you
took fromthe Le Bec reference? Right?

A. Right.

Q Let's focus on the bottomfigure,
figure 3. Do you see that, Dr. Berkowtz?

A. Yes. The bottom figure?

Q And in this figure, if we ook --
we wll look at the lines that are in --
that are not dotted -- the solid |ines.

A. Right.

Q There looks like there is this
shoul der on the bigger peak. Do you see
t hat ?
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A. Yes.

Q Sois it your view that there are
mul ti ple species that are in this
col l ection of peaks here?

A. Yes. There is the nost dom nant
peak at sonething close to 100, and what
you call | guess is the shoul der, around
-- 1 can't read it -- sonmething |ike 90,
90S basically you would assign its peak.

Q Soit isalittle difficult to
I dentify where the peak is, right, because
of the way that the peaks are overl appi ng?

ATTORNEY WLSON: | object to
form

A. It is. You can see that the peak
maxi mum basi cal ly, and you can -- you
know, you can see -- you can use -- cal
out that maxi mumw th the S val ue.

| amhaving a little -- trying to
| ook up, fromthe bottomup, | can't read
the scale that well on the bottom But it
| ooks |'i ke sonething on the order of 90,
something in that ballpark. There is a

slight shift in these three shoul ders.
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Sonetine the shoulders are a little nore

resol ved than others.

ATTORNEY HACKMAN:  For the
conveni ence of being able to read the
figure, why don't I mark a different
exhibit. This is Exhibit 1006. This is
the Le Bec reference.

THE W TNESS: Yes.

(I'nternational Publication
Nunber WO 2014/125101 Al marked
Exhibit 1006 for identification.)

(Handi ng Exhibit 1006 to
W t ness.)

BY ATTORNEY HACKMAN:

Q And if you go to -- here is the
one instance where | -- the one instance |
amgoing to refer to the exhibit nunber
for convenience. At the bottom of the
page, if you go to page 25.

A. Yes.

Q You are already there?

A. Yes.

Q There are the two figures that we

were di scussing in your report? Right?
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A. R ght.

Q And so we wll |look at figure 3
here, and we were tal king about the
shoul deri ng on these?

A. On the bottom figure 3?

Q Yes.

A. Right.

Q And so this -- the fact that
there is the shoulder in this overl ap,
does that inpede the person of ordinary
skill in the arts ability to derive
certain information fromthis
sedi nentation distribution plot?

ATTORNEY WLSON: | object to
form

A. You can assign a sedinentation
coefficient. Just, you know, they are
cl ose by.

Actually | ooking nore clearly, to
some extent it -- you know, you can cal
It a shoulder, but it is two peaks, sort
of resolved. | tend to -- if it is
shoulder, it is hard to even see the peak

maxi mum basi cally. Here you have two
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peaks. You can call out -- using the

maxi mum of each peak, you can call out
clearly the peak maxi mum You can assign
the sedinmentation coefficient to each peak
maxi mum

BY ATTORNEY HACKMAN:

Q So it looks like the collection
of peaks that we're discussing here runs
from sonewhere between 60 and 80 S to
about 110 S? Am|| in the ball park?

A. Yes. It looks |Iike about -- if
you -- are you going to -- you don't want
to include what they call the enpty?
Correct? You want to | eave that out?

Q Well, here | have a question
t hen.

So does this what you call the
enpty peak, is that peak fully resolved in
your opinion fromthese other peaks?

ATTORNEY WLSON: | object to
form

A. You can see that. | nean you get
-- certainly the dotted is fully resol ved.

Ri ght ?
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The other two are very low in

anount. Yet you could nmake out a nmaxinmum
that you could assign there.
BY ATTORNEY HACKMAN:

Q If you have an AAV species at a
very | ow concentration in a conposition,
can it be difficult to identify that
speci es using sedinentation velocity AUC?

ATTORNEY WLSON: | object to
form

A. It all depends on, you know, it
makes -- it all depends what you are
seeing. Wen you say low, | think it is a
matter of |ooking at what you are talking
about as opposed to nmaki ng a general
stat enment saying | ow.

BY ATTORNEY HACKMAN:

Q Now under this conplex of peaks
in figure 3, is it possible that there are
ot her species that are present that we
don't see separate peaks for?

ATTORNEY W LSON: (bj ecti on;
f oundati on.

A. That is possible.
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BY ATTORNEY HACKMAN:

Q And what causes peaks to broaden
out like this?

ATTORNEY WLSON: (Qnjection;
f oundati on.

A. They have different sedi nmentation
properties.

BY ATTORNEY HACKMAN:

Q Is there a way for an ordinary
person skilled in the art could try to
make t he peaks sharper?

A. | nean there are |imtations to
what the techni que can resolve. One of
the things that you mght be able to do is
actual ly do these experinents at higher
speed. And actually |I have been recently
wor ki ng with several people -- actually
there are several -- sone publications,
nost recent publications, that point to
runni ng the centrifuge at high speeds.

And this has been known since the
very begi nning. Svedberg pointed out the
hi gher the speed, the rotational speed,

the better the opportunity for obtaining
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hi gher resol ution
Q Are there downsides to running

t he experinent at higher speeds?

ATTORNEY WLSON: | object to
form
A. You have |less data. You just get
-- well, you don't get as many scans

potentially in a given run. That is
certainly one limtation.

But that -- as long as you get
enough scans, | wouldn't call that
necessarily a limtation.

BY ATTORNEY HACKMAN:

Q So you get fewer scans, because
the particles are sedinenting faster
t hrough t he chanber?

A. Right.

Q So there is less tine to take
scans?

A. Right. Correct. And that
actually could be a benefit, because the
experinment is very short.

Q So Le Bec here, however, filed a

patent, and they have this broad

64
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col l ection of peaks.

Do you -- can you surmse a
reason that they would not have tried to
make these peaks sharper?

ATTORNEY WLSON: (nojection;

f oundati on.

A. That wasn't their main objective
in this patent. They were working on
utilizing their gene -- the various types
of gene vectors to try -- | amassumng to
try to get optimum performance in terns of
reduci ng the anount of enpty capsids.

BY ATTORNEY HACKMAN:

Q So the goal of the Le Bec patent
was to conpare the nunber of enpty capsids
to species that contained sone genonic
DNA? Right?

ATTORNEY WLSON: | object to
form

A. | think their main purpose was to
get nore production out of the vector
basically. So it was very common t hat
with AAV that they produce virus vectors,

alot of themare enpty basically, and
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they found -- they denonstrate that this

type of a construct in cells that they are
using leads to productions that basically

you say mexi m zes the production of

conpl ete AAVs basically. And certainly in
terms of the enpty, that is very dramatic.
BY ATTORNEY HACKMAN:

Q So their interest was nore
focused on being able to track the enpty
particles then?

ATTORNEY WLSON: | object to
form

A. Not necessarily. | think at the
time nost people were -- were interested
in enmpty/full by and I arge.

BY ATTORNEY HACKMAN

Q By at the tine neaning in when
this cane out in 20147

A. Right.

Q Under the heading of full, I wll
focus on figure 3 again, not all of the
peaks correspond to particles having full
sets of genom c DNA? Right?

A. Yes. And actually the definition
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of full is kind of, you know, from ny
perspective, it is kind of sort of
msleading. It is a collection of virus
particles.

Q It is a collection of virus
particles? Wat do you nean by a
collection of virus particles?

A. Well, you can see the different
peaks correspond to different
adeno- associ ated virus particles, and they
basically assigned the fastest sedinenting
peak, their conplenentary form and the
nost common aberrant form woul d be half
that basically, because it is missing the
conpl enentary form So they assign
think the 90S material corresponding to
their inconplete -- one of their
I nconpl ete forns.

Q Inconplete form being that not
all of the genom c DNA --

A. Yes.

Q -- has made it into the AAV?
A. Yes. Correct.

Q

Make sure to give tinme for her --
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| don't want to get in trouble. | can see

her stewi ng over here. Al right.

kay. So we were tal king about
there are sone particles in here that have
-- that don't contain the full genomc --

A. The target, yes. The target
genone that they are trying to neke.

Q Now one of the things you can do
in sedinentation velocity AUCis to
nmeasure the area bel ow the peak? Right?

A. The area of the peak?

Q Yes. That's right?

A. Right.

Q And that is part of what needs to
be done in order to determ ne the
concentration of the particle species that

show up in that?

ATTORNEY WLSON: | object to
form
A. Yes.
ATTORNEY W LSON: Sorry.
A. That is one of the -- yes.
Assumi ng -- yes.

BY ATTORNEY HACKMAN:
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Q So would an issue |ike the peaks
overl apping that you see in figure 3,
woul d that inpact the accuracy by which a
person of ordinary skill in the art could
determ ne the concentration of the
di fferent species?

ATTORNEY WLSON: Qnjection.

A. Yes.

ATTORNEY W LSON: Foundati on
Go ahead.

A It is |ike chromatography. If
you have peaks overlapping, it is nore
challenging. If it is really a side
shoul der and you can't even see the
maximum it is really very difficult to
quantitate.

BY ATTORNEY HACKMAN:

Q So would you say a prerequisite
to getting an accurate determ nati on of
the quantity of an AAV particle species
woul d be to have well resolved peaks?

ATTORNEY WLSON: | object to
form

A. Yes. Sur e.

69
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ATTORNEY HACKMAN:  So | have

mar ked - -
| can pause here if you need a
break, or we can keep goi ng.
THE WTNESS: W can keep goi ng.
ATTORNEY HACKMAN.  Ckay.
ATTORNEY WLSON:. Do you have
enough water?
THE WTNESS: Yes. | amdry.
ATTORNEY HACKMAN: | amgoing to
mark or submt Exhibit 1024.
(Characterizing
Bi ophar maceuti cal s using Anal yti cal
U tracentrifugation marked
Exhi bit 1024 for identification.)
(Handi ng Exhibit 1024 to the
W t ness.)
BY ATTORNEY HACKMAN:
Q Dr. Berkowitz, this is your
publication with John Philo from 20157
Ri ght ?
A. Yes.
Q So we were tal king about in the

Le Bec reference we have these peaks that
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overlap. |Is that a product of sonething
that you have referred to in your
publ i cation as diffusional broadening?

ATTORNEY WLSON: (Qnjection;
f oundati on.
A. Can you repeat the question
again? Sorry.
BY ATTORNEY HACKMAN:
Q Sure.
Let's actually go -- let's do a
little bit sonething different.
So let's go to page 230 of your
Exhi bit 1024.
(Wtness conplying.)
A. Yes.
Q Page 230.
A. 230.
Q It looks Iike you are there.
A. 230.
Q If we go back to the bottom
paragraph that is still conplete?
A. Yes.
Q Do you see that?
A Still --
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Q I wll start. It says "For
bot h."
A. Yes.
Q I'mnot exactly sure how to even
descri be these annotations here.
A. Yes. | understand it. Yes. |
amsorry. Yes. But yes.
Q Does the Is_g*(s) analysis and
g*(s) analysis?
Yes.
Q Am 1 close enough --
A. Yes.
Q -- in describing?
A. Yes.
Q "For both ™~ Is g(s) analysis and
g(s) analysis the peaks froma single
species are, for the nost comon sized
protein drugs, fairly broad."
Correct.
Q Dd1l read that correctly?
A. Yes.
Q And then you go on to say:
even though the species has
a uni que sedi nentation coefficient, it
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appears to have a spread of values."”

Is that describing the phenonenon
we are seeing in the Le Bec figures where
there is a spreading of the peak?

ATTORNEY WLSON: | object to
form

A. Yes. This -- with these
nodalities, you are not deconvol uting the
confusion of the data, so they tend to be
broad basically. Wen you use SEDFIT, it
Is basically trying to take into account
for the broadness of these peaks that you
see by sedinentation velocity. So it is
trying to figure out the diffusion

And when it does that, it
tightens up the peak obviously, because it
I's mathematically accounting for the
di ffusion effect, which is very commonly,
prior to 2000, the devel opnent of SEDFIT,
the diffusion was not really taken
advantage of. So all of the results were
they always had the effect of diffusion in
t hese peaks. So they are broad.

Absol utely.
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So now you have SEDFI T which

basically tries to mathematically
deconvol ute out the diffusioning effects,
t he broadening fromthe diffusion. They
get better resol ution.

Needl ess to say, there are
limts. There could be other conponents
present. So it is -- that -- that becones
a nore prom nent effect noving over to the
nore nodern nodalities of velocity
sedi mentati on using, for exanple, SEDFIT.

There coul d be ot her species
present that account for the broadening
t hat you see.

Q So if we can go back to Le Bec --

A. R ght.

Q -- to Exhibit 1006, and | need to
get back there nyself.

(Wtness conplying.)

Q Ckay. | amjust, for the clarity
of the record, | amback. W are talking
now agai n about page 25 of the Le Bec
reference, figures 2 and 3.

So we tal ked about SEDFIT, and
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you nentioned that that allows for sone of
t he deconvol ution of diffusion? Right?

A. Right. Correct.

Q And you nentioned one of the
causes of or one of the limtations of
SEDFIT would be if there is a |ot of
speci es that have simlar sedinentation
coefficients?

A. Yes.

Q So based on both -- let's start
wth figure 2.

Based on figure 2, is it possible
that there are sone species that are
underneat h these peaks that we're not able
to see in this sedinentation distribution?

ATTORNEY WLSON: | object to
form

A. It is conceivable. Even there is
a possibility that on a mcrolevel there
coul d be heterogenicity even in a peak
that | ooks symetri cal

Q So in order to have confidence in
using a sedinentation distribution to

guantify the species in a conposition, the
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shar per the peak, the nore confidence you

woul d have?
ATTORNEY WLSON: | object to
form

A. By and | arge, yes.

BY ATTORNEY HACKMAN:

Q And you nentioned earlier that
what Le Bec was really trying to do here
was differentiate particles that had
genom ¢ DNA contained within fromthose
that were enmpty? Right?

A. Right.

Q And so for the purposes of
Le Bec's experinent, it wasn't so
I nportant to be able to deconvolute the
peaks? Right?

ATTORNEY WLSON: | object to
form

A Wll, they -- they want to see
what is in this preparation basically, and
this technique offers a way of
characteri zi ng what heterogeneaity is
present in the preparation

BY ATTORNEY HACKMAN:
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Q But they didn't quantify the --
all of the peaks? R ght?

ATTORNEY WLSON: | object to
form

A. They didn't quantify all, but
their quantification was sinply based on
si gnal .

BY ATTORNEY HACKMAN:

Q Based on signal? What do you
mean by that?

A. Just | ooking at the signal
output. You integrate the area under that
peak basically, assum ng everything has
t he sane response.

Q A few other questions just
general |y about particles and the use of
SV, sedinentation velocity, SV.

If you have particles that have a
tendency to aggregate, woul d that
potentially inpact the ability to
accurately identify their sedinmentation
coefficient?

ATTORNEY WLSON: Qojection;

f oundat i on.
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A. If they aggregate, that basically

changes their sedinentation coefficient.
BY ATTORNEY HACKMAN:

Q And so that the aggregates would
have -- well, how do aggregates change the
sedi mentati on coefficient?

A. They change them by nass
predom nantly and then also frictional
coefficient. You have got a different --
you have a different shaped particle.

Q Could the tendency of particles
t o aggregate cause peaks to broaden?

ATTORNEY WLSON: (Qnjection;
f oundati on.

A. No. They -- they would basically
create their own peaks by and | arge.
BY ATTORNEY HACKMAN:

Q Al right. I just wanted to ask
you a few questions about your declaration
again. W can go to paragraph 52.

(Wtness conplying.)

Q It is on page 26.

A. Ckay.

Q Are you there, Dr. Berkow tz?
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A. Yes.

Q Geat.

So in these paragraphs, you are
di scussing the research of Dr. Barrie
Carter's |l aboratory? Right?

A. Yes.

Q And your declaration cites
several publications that were authored or
co-authored by Dr. Carter? Right?

A. Right.

Q So have you ever net Dr. Carter
personal | y?

A. No.

Q Have you ever communi cated at all
in any way wwth Dr. Carter?

A. No.

Q Have you ever attended a
conference presentation by Dr. Carter?

A. No.

Q So before your work in preparing
your declaration, had you previously read
any of the Carter publications that you
cited in your declaration?

A. No. | made light of them
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basically due to a lot of this work.

Q So do you recall whether you in
the past incidentally read any of Carter's
publ i cati ons?

A. No. | nean -- no.

Q Wuld you consider the references
that you have cited in your declaration
fromDr. Carter's |aboratory as being
foundational prior art for AAV assenbly?

A. Yes.

Q And were the Carter |aboratories
publ i cations foundational for your
conclusion that the clainms of the '894
pat ent were obvi ous?

ATTORNEY WLSON: | object to
form

A. That they fall into a category
that, yes, they are obvious, yes.

BY ATTORNEY HACKMAN:

Q And that was based in part on
your reading of the Carter |aboratory
publ i cati ons?

A. Yes. Realizing that they fall

into this category.
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Q What do you nean by category?

A. Basically that you have forned
t hese AAV particles froma preforned
capsid, and then the DNA is inserted,
which would inply that while all of these
particles basically have the sane shape,
okay, and with the sane shape you woul d
| ook at the Svedberg equation, and they
all basically have the sane frictional
coefficient. It is the mass, actually the
buoyant mass that changes, which drives
t he sedi nentation

Q You nentioned earlier, though,
t hat shape and size of a particle are not
the only factors that determne friction?
Ri ght ?

ATTORNEY WLSON: | object to

form

A. Shape? Excuse ne. Could you
repeat that?
BY ATTORNEY HACKMAN:

Q Sure. Sure.

So you just nentioned that one of

your reasons for determ ning the clained

81
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met hod to have been obvi ous was your

opinion that the way that the AAV
particles are assenbled via inserting DNA
into a prefornmed capsul e nmakes it so that
there is no frictional differences between
different particles? |1Is that correct?
A. That's correct. Yes.
Q And so ny question was -- it may
be a different question.
Coul d there be other --
ATTORNEY HACKMAN. O excuse ne.
Let ne withdraw that.
BY ATTORNEY HACKMAN:
Q You had nentioned earlier so size
and shape are not the only properties of a
particle that affect its frictional
coefficient? R ght?
ATTORNEY WLSON: (Qnojection to
form
A. Yes. Buoyant mass. The anpunt
of actual material present.
BY ATTORNEY HACKMAN:
Q You al so nmentioned sone things

i ke hydration? Right?
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ATTORNEY WLSON: | object to

form

A. Yes.

BY ATTORNEY HACKMAN:

Q And that hydration can be
i npacted by chem cal properties? Right?

A. It is conceivable. Yes.

Q And does the, in your opinion
t he assenbly nmethod of these particles
nmean that they all have the same chem ca
properties with respect to hydration?

A. Unless sonething significantly
changes. If they -- basically you have an
assenbl ed capsid consisting of the sane
protein units, basically they should be
the sane and shoul d give you the sane
hydrati on basically.

Q So the different anount of
capsi dated, so DNA that has been i nput
into the capsid, that would not in your
opi ni on i npact any of the chem cal
properties that affect the frictional
coefficient of the particles?

A. That -- the -- certainly it is
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all that material is on the internal. So
what ever interactions the inside are not
necessarily being inplenmented on the
out si de.

Q | think you nentioned that charge
could be a factor in frictional
coefficient?

ATTORNEY WLSON: | object to the
form

A It is potential. If it is on the
surface, it could influence the hydration
basi cal | y.

BY ATTORNEY HACKMAN:

Q So your scientific conclusion is
that a person of ordinary skill in the art
woul d not have considered the anount of
DNA within the capsid to inpact the
external charge of the particle?

ATTORNEY WLSON: (Qojection;
f oundati on.
A. Can you repeat that?
BY ATTORNEY HACKMAN:
Q Sure.

So DNA has a charge? R ght?
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A. R ght.

Q And so if different anmpunts of
DNA are inserted into a capsid, wuld a
person of ordinary skill in the art
consi der that potentially the overal
charge of the particles was different?

ATTORNEY WLSON: Qnjection;
f oundati on.

A It is possible, but these -- you
know, these particles by size exclusion
don't separate out. So you have
information that basically reflects the
hydrati ons of these particles are the
same. But it is conceivable.

BY ATTORNEY HACKMAN

Q So you nentioned size excl usion?

A. Yes.

Q Could you point out where in your
decl aration that you discuss the size
excl usi on?

A | don't have it in there. No.

Q GCkay. So when did you devel op
this opinion on the size exclusion issue?

ATTORNEY WLSON: | object to
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form
A. In seeing Karen Flem ng's
deposi tion.

BY ATTORNEY HACKMAN:

Q Her declaration?

A. Declaration. Excuse ne.
Q Ckay.

A. Sorry.

Q And can you recall what it was in
her declaration that |led you to this?

A. Well, she invoked hydration as a
factor leading to differences in size.

Q And hydration was not sonethi ng
that you addressed in your declaration?
Correct?

ATTORNEY WLSON: | object to
form

A. That's correct.

BY ATTORNEY HACKMAN:

Q And so in her invocation of
hydrati on, do you recall what specifically
she said that nmade you consi der the issue
of size exclusion chromat ography?

ATTORNEY WLSON: | object to
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form

A. She was tal ki ng about external
surface pop changes.
BY ATTORNEY HACKMAN:

Q Do you recall whether there was
any particular reference that she cited in
t hat di scussi on?

ATTORNEY WLSON: The sane
obj ecti on.

A. She m ght have, but | just don't
recal |l that.

ATTORNEY HACKMAN:  Way don't we
go -- are you good wth a break?

THE WTNESS: |'mfine.

ATTORNEY WLSON: | could use a
break to tell you the truth, so if we
could go off the record.

ATTORNEY HACKMAN:  Thi s maybe is
a good pl ace to pause.

THE VI DEOGRAPHER: The tine is
10: 28 a.m, and we are off the record.

(Recess taken at 10:28 a.m)

(Recess ended at 10:41 a.m)

THE VI DEOCRAPHER: The tine is
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10:41 a.m, and we are on the record.
BY ATTORNEY HACKMAN:

Q Al right. Dr. Berkowitz, did
you di scuss any of your testinony with
counsel during the break?

A. No.

Q Thank you.

So | want to go to paragraph 38
of your declaration.

(Wtness conplying.)

Amnl| -- did you say page --

Q Paragraph 38.

A. Paragraph 38. | am | ooki ng over
at you.

ATTORNEY WLSON: | am doing the
sanme t hing.
BY ATTORNEY HACKMAN:

Q It is on page 19. Are you there?

A. (No audi bl e response.)

Q You are there, Dr. Berkowtz?

A. Yes.

Q Thank you.

So the equation that you give in

paragraph 38, is that the Svedberg
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equati on?

A. Yes.

Q And in the nunerator of the
Svedberg equation, does that account --
actually let ne just ask the question.

So what does the nunerator of the
Svedberg equati on address?

A. The frictional effect.

Q Not the denom nator. The
numner at or ?

A. The buoyancy effects.

Q And the buoyancy effects woul d
I nclude the nmass of the particle? Right?

A. Correct.

Q And it would include the density
of the particle? Right?

A. The V bar.

Q The V bar is the density?

A. It is the anount displaced by the
particle relative to its nass.

Q Sedinentation then is
proportional as to the buoyant density of
t he particle?

A. The buoyant density. Yes.
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Q | want to make sure we don't talk

over each other for the benefit of the
reporter.

A. Sorry.

Q No worries.

And then the denominator, that --
why don't you just explain what the
denom nat or of the Svedberg equation
accounts for.

A. That is the friction.

Q And so the Svedberg equation --
or excuse ne -- the coefficient S value --

A. Right.

Q -- is inversely proportionate to
friction? Right?

A. Correct.

Q So if you have a situation with
two particle species, one of themis a
nore dense or denser particle, and the
ot her particle is | ess dense --

A. Right.

Q -- and the | ess dense particle
has a hi gher S value, what does that tell

you about the friction?

www.LexitasLegal.com/Premier  Lexitas 888-267-1200

Genzyme Ex. 2039
Sarepta Therapeutics, Inc. v. Genzyme Corporation
Page 91 of 201



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Steven Berkowitz, Ph.D. - July 29, 2026

ATTORNEY W LSON: (bj ecti on;
f oundati on.
A It is |less.
BY ATTORNEY HACKMAN:

Q If the denser particle has a
| omer S value, that neans that then -- a
| ess dense particle, that neans that it
must have a higher frictional coefficient?

ATTORNEY WLSON: (Qojection.

A. Yes.

ATTORNEY W LSON:  Foundati on.
BY ATTORNEY HACKMAN:

Q And so in a conparison of I|ike
t hat --

ATTORNEY HACKMAN: Let ne
wi t hdraw t hat questi on.
BY ATTORNEY HACKMAN:

Q So in a situation where the
denser particle sedinments nore slowy than
a |l ess dense particle, that is telling us
sonet hi ng about the surface of the denser
particle having a higher friction?

ATTORNEY WLSON: | object to

form
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A. No. Not necessarily.

BY ATTORNEY HACKMAN:

Q Gkay. So what could be the cause
of a nore dense particle sedinenting
slower than a | ess dense particle?

ATTORNEY WLSON: | object to
form

A. A nore dense particle sedinenting
slower? It has a higher frictiona
coefficient.

ATTORNEY HACKMAN:  |'m going to
mark as anot her exhibit, Exhibit 1007.
(Replication of Mammali an
Par vovi ruses marked Exhibit 1007
for identification.)
(Handi ng Exhibit 1007 to
W t ness.)
BY ATTORNEY HACKMAN:

Q And Dr. Berkowitz, you are
famliar --

A. Yes.

Q -- with the reference that | just
handed you?

A. Yes. Sorry.
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Q And | believe you referred to
Exhi bit 1007 in your declaration as the

de | a Maza publication?

So in the de | a Maza paper,

Exhi bit 1007, fractionated AAV particles
were subjected to equilibriumdensity
centrifugation in a cesiumchloride
density gradient? Right?

A. Correct.

Q And this is a form of
sedi nentation equilibriun? Right?

A. Correct.

Q And so the sedinentation

equi li brium AUC, the result is not

A. Correct.
Q So the particles are separated

solely by their density? R ght?

Yes.
Q Let me know when you are ready --
A. Yes.
Q -- to answer questions.
A |1 am
Q Geat.

affected by the particle friction? Right?
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ATTORNEY W LSON: nhjection --
A. Buoyant density.
ATTORNEY WLSON: -- to form
BY ATTORNEY HACKMAN:
Q The particles are separated by
t hei r buoyant density? Right?
A. Right.
Q So let's go to, on page 195 of
Exhi bit 1007.
(Wtness conplying.)
Q Do you see table 1,
Dr. Berkow tz?

A. Were are we?

Q | amsorry. This is the de la
Maza paper.

A. R ght.

Q It isthe -- it has Ward and

Tattersall as editors on the front. And
we | ook at page 195 of the publication
itself. Do you see that?

A. The article is indicating 195
page.

Q That's right?

A. Correct.
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Q And you see table 1 there?
A. Yes.
Q And the density -- the colum

that corresponds to the density of the

virion -- is that how you pronounce it?
Virion.
Q Virion. | apol ogi ze.

-- in granms per centineter
cubed --

A. Yes.

Q -- that is this |eftnost col um?
Ri ght ?

Correct.

Q And it shows three, on the DNA
colum on the farthest left, there is
I ntact Type 1 and Type 2 DNA? Right?

A. On intact, yes. Your DNA col um.
Correct. | have got it.

Q And woul d you understand these
three types of DNA to be different from
each ot her?

ATTORNEY WLSON: | object to
form

A. So your question is would the DNA
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fromthe -- oh -- the DNA? Yes. kay.
So that is the DNA fromthese buoyant
particles, AAV particles? Right? |
guess. Yes. (kay. kay.

BY ATTORNEY HACKMAN:

Q Right. Actually | amgoing to
back up a little step in this discussion
of the paper.

So the de | a Maza paper, this
Exhi bit 1007, the authors did not conduct
any sedinentation velocity AUC with an
I ntact AAV particle? Right?

A. Yes. That's correct.

Q So that the sedinentation
vel ocity AUC experinents were done
strictly with DNA that had been rel eased
fromthose particles? Correct?

A. Correct.

Q And after releasing the DNA from
the particles, the authors used
sedi mentation velocity AUC to determ ne
t he sedi mentation coefficients for the
DNA - -

A. Correct.
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Q -- that had been rel eased?

A. Correct.

Q So in this case the sedinentation
coefficients for each of the types of DNA
correspond to the naked DNA itsel f?

Ri ght ?
Correct.
| amsorry. Wat was that?

Correct.

o > O PF

Thank you. Sorry. | just
couldn't hear. Ckay.

So we have on the farthest |evel
colum we have intact Type 1 and Type 2
DNA? Right?

A. Correct.

Q And in the next colum, we have
the density of the virion as 1.41 for the
i ntact Type 1 and Type 2 DNA? Right?

A. Correct.

Q So would you understand this
tabl e woul d be saying that these DNA are
the DNA that have been rel eased fromthe
1.41 density virion particles? Right?

A. Yes.
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Q Now it appears in the initial --

In the first al kaline sucrose experinent
that the S values for the intact and
Type 1 DNA have the sanme sedi nentation
coefficients? Right?

A. Correct.

Q But the Type 2 DNA has a
di fferent sedinentation coefficient?
Ri ght ?

A. That's right.

Q And the authors concl uded that
t he sedi nentation coefficients for the
Type 2 DNA indicates that this has a | ower
nol ecul ar wei ght than the other DNA? Is
that right?

A. That's correct.

Q So would you agree,
Dr. Berkowitz, that the authors have shown
that the 1.41 density particle can
i ntaxi date different sizes --

ATTORNEY HACKMAN. Actually |let

me withdraw t hat questi on.
BY ATTORNEY HACKMAN:

Q Can you tell fromthe paper and
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the data in table one that the 1.41
density virion particles contain different
anmounts of DNA?

ATTORNEY WLSON: | object to
form

A. That is what it seens to
i ndi cate. Yes.

BY ATTORNEY HACKMAN:

Q So the three particles
corresponding to the intact Type 1 and
Type 2 all have identical density? Right?

A. Right.

Q But they have different anounts
of genone that has been encapsidated in
size? R ght?

ATTORNEY WLSON: | object to
form

A. That's correct.

BY ATTORNEY HACKMAN:

Q So fromthis, would this data
tend to indicate that the density of an
AAV particle is not solely determ ned by
the size of the genone inside?

ATTORNEY WLSON: | object to
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form

A It would ook like that's the
case. Yes.

BY ATTORNEY HACKMAN:

Q | want to go back to your
declaration. This is Exhibit 1004.

(Wtness conplying.)

A. Sorry.

Q And let's go to paragraph 58.
Actually, let's go to paragraph 168.
Sorry.

So paragraph 168 is on page 80 of
your decl arati on.

A. 1587

Q 168. Paragraph 168.

A. Oh, excuse ne.

(Wtness conplying.)

Q So at the very bottom of that
paper, you quote a different de |a Maza
paper, Exhibit 1008, and say that, and you
quote it saying the:

particle density has an
approxi mately direct linear relationship

to the [DNA] strand |length.™
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Ri ght ?

A. R ght.

Q So the data in the exhibit that
we were just discussing doesn't seemto
indicate a direct linear relationship
bet ween density and DNA strand | ength?
Ri ght ?

ATTORNEY WLSON: | object to
form

A. | guess you woul d have to say
that basically. Yes.

ATTORNEY HACKMAN: Let's mark
Exhi bit 1008.
(Article entitled "Ml ecul ar
Structure of Adeno-associated Virus
Vari ant DNA" marked Exhibit 1008
for identification.)
(Handi ng Exhibit 1008 to
W t ness.)
BY ATTORNEY HACKMAN:

Q So this publication is another
publication fromthe Carter |ab? Right?

A. Yes.

Q And this was anot her publication

101
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that you cited in your declaration?
Ri ght ?

A. Correct.

Q And in fact, this Exhibit 1008 is
the reference that you quoted in your
decl aration at paragraph 168? Right?

A. Right.

Q So thisis -- this is the
publ i cati on where the quote that you say
" particle density has an approxi mately
direct linear relationship to the DNA
strand length,” this is the publication?
Ri ght ?

A. Correct. \Which cones |later.
Correct? Than --

Q Yes. This is in April of 1980.

A. As opposed to 2078 in the Cold
Spring Harbor.

Q 1978. Yes.

A. Ckay.

Q So can you go to page 3202 of
Exhi bit 10087

(Wtness conplying.)
A. 32027
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Q That's right. Yes.

A. kay.

Q And you see there is a
"Di scussion" section --

A. Yes.

Q -- on 32027

And if we go to the second
sentence, | wll just read it:

"These nol ecul es appear to be
encapsidated in AAV virions with usually
only one stand per particle; thus, the
particle density has an approxi mately

direct linear relationship to the strand

| ength. "

A. R ght.

Q DdI read that right?

A. Yes.

Q And it has a footnote here?
Ri ght ?

Yes.

The 3. And if we go down to the
bottom of the colum on the left side of
32, it refers to the sentence com ng from

unpubl i shed observations? Right?
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A. Can you -- so you -- you said the
f oot not e?

Q That's right.

A. Yes. So that appears after
strand | ength, that nunber 3?

Q That's right.

A. And we go down to the bottom
That is a reference.

Q Right. And it refers to this as
unpubl i shed observations? Right?

A. Right.

Q So would a person of ordinary
skill in the art reading this article
understand that this statenent that "the
particle density has an approxi mately
direct linear relationship to the strand
| engt h" be derived fromthese unpublished
results that are cited in the paper?

ATTORNEY WLSON: | object to
form

A. Right.

BY ATTORNEY HACKMAN:
Q Sorry?
A. Correct. Sorry.
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Q Correct.

So you haven't seen this
unpubl i shed data? Right?

A. That's correct. | believe yes.

Q And --

A. Yes.

Q And when we were tal king just
about the data that was in table one of
the 1978 de |a Maza publication, which is
Exhi bit 1007 --

A. Correct.

Q -- you had nentioned that that
data was inconsistent wwth a direct |inear
rel ati onshi p? Right?

ATTORNEY WLSON: | object to the
form

A. Yes. Apparently yes.

BY ATTORNEY HACKMAN:

Q So we at |east know that there
are exceptions to this statenment that is
relating to unpublished data? Right?

ATTORNEY WLSON: | object to
form

A. It could be. Yes. 1In general.

105

www.LexitasLegal.com/Premier  Lexitas

888-267-1200

Genzyme Ex. 2039

Sarepta Therapeutics, Inc. v. Genzyme Corporation

Page 106 of 201



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Steven Berkowitz, Ph.D. - July 29, 2026

106
BY ATTORNEY HACKMAN:

Q And so we don't know how often
this approximate |linear relationship holds
for AAV particles? Right?

ATTORNEY WLSON: | object to
form

A. That's -- that's true. That is
one of the reasons | pointed out that this
is a later publication. Correct.

BY ATTORNEY HACKMAN:

Q Are you aware of whether the
Carter | aboratory did eventually publish
this data?

A. I"mnot aware. No.

Al t hough -- can | add sonething
her e?

| nean they have repeatedly said
in their public indications that that they
find particles between full and enpty, you
know, existing across the whol e board
basically, and there is this progression
that the linear density follows with the
size of the DNA

Q So the goals of the de |l a Maza
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and Carter publications, though, was
focused on ascertaining the nechani sm by
whi ch AAV particles were assenbl ed?

Ri ght ?

ATTORNEY WLSON: | object to
form

A. That is one of the things they
brought out. Yes.

BY ATTORNEY HACKMAN:

Q So is it possible that this
general observation that supports their
theory? Right?

A. Right.

Q But isn't it possible also that
there are often exceptions to this direct
strand length -- excuse nme -- this direct
| i near rel ationship?

ATTORNEY WLSON: | object to
form

A. It is conceivable, yes.

ATTORNEY HACKMAN: Ckay. | am
going to bring out another publication,
anot her exhibit. Al right. This is
Exhi bit 1013.
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(Article entitled "Heavy and
Li ght Particles of Adeno-Associ ated
Vi rus" marked Exhibit 1013 for
i dentification.)
(Handi ng Exhibit 1013 to
W t ness.)
BY ATTORNEY HACKMAN:

Q And this is another reference
that was aut hored by de |la Maza and
Carter? Right?

A. Yes.

Q And this was anot her reference
that you cited in your declaration?

Ri ght ?

A. Yes.

Q So let's turn to page 1129 of
this Exhibit 1013.

(Wtness conplying.)

Q And | think that is the front
page. Have you had an opportunity to
review the publication adequately?

A. Yes.

Q So do you recall that this

publication discusses there being two AAV
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109
particles having different densities, 1.45
granms per centineter cubed and 1.41 grans
per centimeter cubed?

A. Yes.

Q And in fact they nention these
two particles in the abstract? R ght?

A. Correct.

Q And these were densities that
were determ ned by this sedinentation
equi li briumusing cesiumchloride? R ght?

A. Correct.

Q Nowin the earlier de |a Maza
publication that was from 1978, that
publication did not use sedinentation
velocity AUC to study its particles?

Ri ght ?

A. Correct.

Q But now this March 1980
publication of de |la Maza and Carter, they
do use sedinentation velocity AUC to study
AAV particles? Right?

A. Correct.

Q And so | amjust going to -- we
will use the abstract. It says:
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“"The main conponent fromthis

band" --

And | am understanding first that
"this band" is referring to the 1.45 gram
per centimeter cubed band? Is that
reasonabl e?

A. Yes.
Q So it says:

"The mai n conponent fromthis
band had a smaller S value (109) than the
mai n conponent fromthe 1.41 band (111S),
al t hough both had the sanme DNA/ protein
ratio and the same density in netrizam de
gradi ents.”

A. Yes. Right.
Q Ckay. Let's unpack this in
pi eces here.

So we have two particles with
identical -- with different densities?
Ri ght ?

A. Right.
Q Wuuld you agree that these two
particles have the identical DNA

content --
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A. Sure.
Q -- of encapsidated inside?
ATTORNEY WLSON: | object to
form
A. Yes.

BY ATTORNEY HACKMAN:

Q And would you agree that from
what we can tell in this publication that
they had the same anmount of capsid protein
present?

ATTORNEY WLSON: | object to
form

A In that -- there is -- there
m ght be sonme el enent of questi oni ng.

They do say that it has the sane -- do
they say the sane protein? -- the sane
DNA-t o-protein rati o? Right?

BY ATTORNEY HACKMAN:

Q That's right.

A. Right.

Q Can you think of another way that
a DNA-to-protein ratio would be -- woul d
indicate a different anmount of capsid

protein?

111
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ATTORNEY WLSON: | object to

form
A. No.
BY ATTORNEY HACKMAN:
Q GCkay. So would you agree that
t he denser conponent sedinents at a sl ower
rate than the | ess dense conponent in this
conposi tion?
A. That is what they're saying.
Yes.
Q What did that tell you about each
particle's frictional coefficient?
ATTORNEY WLSON: | object to
form
A It indicated that there is sone
potential difference basically.
BY ATTORNEY HACKMAN:
Q Do you have -- actually let's go
-- let's go to another page of this
publ i cati on.
So if we go to page 1136 of
Exhi bit 1008 -- excuse ne -- 1013,
page 1136 of Exhibit 1013.
ATTORNEY WLSON: Wi ch page
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again? | amsorry.

ATTORNEY HACKMAN:  1136.

(Wtness conplying.)

THE W TNESS: Yes.

BY ATTORNEY HACKMAN:
Q And if you look in the right
colum, do you see the sentence that says:

"We found that the 1.41 conponent
has a slightly higher S value (111) than
the 1.45 particle (109)"?

Do you see that?

A. Yes.
Q And a couple of sentences down,
it says:

"This difference in sedinentation
val ue corresponds with the reported
smal | er diameter of the 1.45 band when
conpared by the electron m croscope with
the 1.41 region."

Do you see that?

A. Yes.
Q So just to start, these two
particles having the sane DNA content and

same DNA-to-protein ratio have different

113
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di aneters? Right?
ATTORNEY WLSON: | object to
form
A. That's what they are sayi ng.
Yes.
BY ATTORNEY HACKMAN:

Q And would the difference of

why the one of the particles is denser
t han the ot her?
ATTORNEY W LSON: (bj ecti on;
| acks foundati on.
A. Yes.
BY ATTORNEY HACKMAN:
Q And so maybe you can expound.
a smal ler dianeter particle would be
expected to be nore dense? Right?
ATTORNEY W LSON: Lacks
f oundati on.
A. Yes.
BY ATTORNEY HACKMAN:
Q So would this indicate to you
t hat AAV particles having identity --

i denti cal genome conpositions can have

dianeters in your opinion be a factor for

I's
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different size and shape?
ATTORNEY WLSON: | object to
form
A. That is basically what it is --
what it inplies.
BY ATTORNEY HACKMAN:
Q Does it inply it or does it just
teach that?
ATTORNEY WLSON: | object to
form
A It inplies that basically.
BY ATTORNEY HACKMAN:
Q Wat do you nean by "inply"?
A. That woul d be a concl usi on
basi cal |l y.
Q Does that tell us anything about
di fferences in structural confirmation
between the two particles?
ATTORNEY WLSON: | object to
form
A. Yes.
BY ATTORNEY HACKMAN:
Q So can we go back to

par agraph 168 of your declaration on

115
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page 807
(Wtness conplying.)
1587

Page 80, paragraph 168.

> O P>

Par agr aph?

Q | amsorry. Page 80,
par agr aph 168.

A. Ch, 80? 807
(Wtness conplying.)
Ch, 1687
168.

> O >

Ch, 168. Sorry. Ckay.
Q Now you say in this first
sent ence:

"Because AAV assenbly occurs via
packagi ng of DNA into preforned capsids, a
POSA woul d understand that enpty AAV
particles, particles containing fragnented
genones, and particles containing conplete
genones are all approximtely the sane
si ze and shape. "

A. Correct.
Q Now we just discussed this

Exhibit 1013 of de |a Maza and Carter
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show ng that particles appear |ike they
can have different sizes and shape?
Ri ght ?

ATTORNEY WLSON: | object to
form

A. That appears to be the case.
Yes.

BY ATTORNEY HACKMAN:

Q And this Exhibit 1013 actually is
later intime in ternms of its publication
date than the Exhibit 1007 that you cite
for de la Maza --

Yes.

-- and Carter? R ght?

> O >

Yes.
Q Wuuld you agree that nmaybe this

under standi ng of a POSA of genones of
bei ng approximtely all the sane size and
shape may not actually be what a person of
ordinary skill in the art woul d understand
about these particles?

ATTORNEY WLSON: (Ohject to form
and foundati on.

A. There is overall data. | nmean
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you have a lot of data, and there is this

trend, but there could be defective
particles or sonething that they had that
may cause a particle to undergo sone
change that they're just, you know, they
are not aware of, and yet they
characterize it, and, yes, it falls out of
t hat progression.

BY ATTORNEY HACKMAN:

Q Now anot her observation that
Exhibit 1013 had was that the particles
exhibited -- the particles having the
1.45 granms per centineter cubed and the
1.41 granms per centineter cubed had
different infectivities? R ght?

A. That's correct.

Q And would you agree that in gene
t herapy you would want to -- you would be
concerned -- a person of ordinary skill in
the art woul d be concerned about particles
having different infectivity in a gene
t herapy conposition? Right?

ATTORNEY WLSON: | object to

form
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A. R ght.

BY ATTORNEY HACKMAN:

Q And so in ternms of characterizing
a gene therapy conposition, if there is an
error in the calculation of inpurities --

ATTORNEY HACKMAN: Actually |et
me w t hdraw t hat.
BY ATTORNEY HACKMAN:

Q In characterizing a gene therapy
conposition, if there is an error in the
anal ysis of the amounts of different
speci es present, that could inpact the
infectivity of that conposition? R ght?

ATTORNEY WLSON: | object to
form

A. R ght.

BY ATTORNEY HACKMAN:

Q And infectivity would be a
concern for the efficacy of that
conmposition? Right?

A. Yes.

Q And infectivity could also be a
concern for the safety of that

conmposition? Right?
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A. Yes.

Q So would you agree that the
stakes of anal yzing an AAV conposition
accurately are high for its efficacy and
safety?

ATTORNEY WLSON:. Object to form

A. Absolutely. Yes.

ATTORNEY HACKMAN: | amgoing to
go -- bear with nme for just a mnute.

(Pause.)

ATTORNEY HACKMAN: Ckay. | am
going to mark anot her exhibit.

This is Exhibit 1026.

(Article entitled "Enpty
virions in AAV8 vector preparations
reduce transduction efficiency and
may cause total viral particle
dose-limting side effects" marked
Exhi bit 1026 for identification.)

(Handi ng Exhibit 1026 to
W t ness.)
BY ATTORNEY HACKMAN:
Q And, Dr. Berkowitz, are you

famliar with this --
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Yes.

-- exhibit?

> O >

Yes.

Q And just let nme know when you are
ready to answer questions.

A. Yes.

Q Ckay. Just to confirm if we
could go back to your 168 -- paragraph 168
of your declaration.

A. Correct.

Q This is the sanme publication of
Gao, Exhibit 1026, that you are referring
to in your declaration here?

A. That's correct.

Q So let's go to page 2 of Gao,
which is what you cite in this paragraph.

(Wtness conplying.)

Q So would you agree that Gao is
anal yzi ng conpletely enpty and partially
enpty AAV8 particl es?

A. Yes.

Q And this figure 1A, which shows
t hese el ectron m crograph inmages, are

showi ng both collection of AAV8 particles?
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A. Yes.

Q And fromthis inage, you say that
t hese i mages show full and enpty AAV
particles with the sanme size and shape?

A Well, yes.

Q So to confirm however, that you
did not conduct any quantitative analysis
of these figures?

A. They didn't. No.

Q The Gao authors do not --

A. Right.

Q -- conduct any quantitative
anal ysi s?

A. Right.

Q In your declaration, you also did
not conduct any quantitative anal ysis?

A. That's correct.

Q And your reliance on these inages
was to determ ne whether there were
di fferences in particle shape and size
that would be inpactful on the particle
frictional coefficient? Right?

ATTORNEY WLSON: | object to

form
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A. Yes.

BY ATTORNEY HACKMAN:

Q Are these the types of inages
that a person of ordinary skill in the art
woul d | ook at to ascertain whether or not
two di fferent species of AAV particles
woul d have different frictional
coefficients?

ATTORNEY WLSON: | object to
form

A. They are representative.

BY ATTORNEY HACKMAN:

Q So in your opinion, there is
sufficient resolution at the surface |eve
to see differences in particle shape or
size that would inpact frictiona
coefficients?

A. Qalitatively, yes.

Q Is frictional coefficient
qual i tative, though?

ATTORNEY WLSON: | object to
form

A. No. It can be quantitative. So

coul d these pictures. You could
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quantitate these.
BY ATTORNEY HACKMAN:

Q You did not quantitate these?

A. No, | did not.

Q And the authors did not
guantitate these?

A. That's correct.

Q Soif we go to page 6 of Gao.

(Wtness conplying.)

Q W will start on the right-hand
colum of Exhibit 1026, page 6. And it
says, it is kind of the mddle of the
colum there, it says:

"One of the caveats with our
study is the use of EM --

And EMis el ectron m croscope?
Sorry?

A. Where are we exactly in that
par agr aph?

Q To orient yourself, it is the
paragraph that starts with "One of the
caveats."

A. That is in the mddle. Right.

Q Just for the purpose of clarity
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for the record, EMis electron m croscopy?

Ri ght ?
A. Yes.
Q And it says:

"One of the caveats with our
study is the use of EMfor
sem quantitative analysis for the ratios
of enpty AAV virions in viral
preparations. EMtechnology is very
useful and informative for qualitatively
setting the structures of virions but not
| deal for precise quantitative assessnent
of enpty and full virions in a viral
preparation. |In addition, EM cannot
di stinguish full virions packaged wth
full-length genones fromthose with
partial viral genones.”

So woul d you agree that Gao is
stating here that it wasn't possible to
accurately distinguish whether or not you
had a particle with a fully intact DNA
genone fromthose that have a partial DNA
genone?

A. Yes. It was difficult. Yes.
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Q And would the inability to

di stingui sh between which particle was
whi ch hinder the confirmation of whether
or not these particles actually were all
i dentical sizes?
ATTORNEY WLSON: | object to

form

A It is a general -- it is a
general statement within its limtations
basi cal | y.
BY ATTORNEY HACKMAN:

Q So Gao is saying that electron
m croscope is limted application in terns
of assessing the conposition of a m xture,
het er ogeneous m xture of AAV particles?

ATTORNEY WLSON: | object to

form

A. For its tinme. | nean at this
gi ven date, yes.
BY ATTORNEY HACKMAN:

Q And I want to go on -- we can
keep going in the sane col um.

A. Yes.

Q There is another sentence that
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says:
"These PE particles" --
And just to confirm a PE
particle in Gao is partially enpty?
A. Yes.
Q Is that right?
A. Yes. That's correct.
Q So partially enpty al so neans the
same thing as a partial genone that has

been encapsi dat ed?

A. Yes.
Q Right?
A. Yes.

Q "These PE particles with parti al
viral genonmes may al so contribute to the
side effects of the PE virions due to
their different capsid conformations as
conpared with CE particles.”

And to confirm CE is the
conpletely enpty particles? Right?

A. That's correct.

Q So what -- do you understand Gao
to be indicating here that there are

structural differences between AAV
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particle species?

ATTORNEY WLSON: | object to
form
A. Yes. There is structural
di fferences. But, you know, they could be
-- they would be contained to this, you
know, the various areas that don't
necessarily influence the overall size of
the virus particle.
BY ATTORNEY HACKMAN:
Q But Gao doesn't draw a concl usion
about the size of the virus particle?
Ri ght ?
ATTORNEY WLSON: (nojection to
form
A. O her than the fact that they
seemto be the sanme, enpty and full. It
I's hard to distinguish partials basically.
Q Could confirmational changes,
t hough, inpact the frictional coefficient
of an AAV particle in a sedinentation
vel ocity AUC experinent?
ATTORNEY WLSON: (ojection to

form
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A. It is potential if you change
t he, you know, the outside dianeter or
sonmehow change the hydration basically.
BY ATTORNEY HACKMAN:

Q And even changes that don't
i mpact the diameter can still affect
friction? Right?

ATTORNEY WLSON: | object to
form

A. If you don't change the bul k
product basically, the entire virus
particle fromits outside, and if you
don't change its mass, you -- you
shoul dn't have a change basically.

The change from a sedi nentation
velocity has Iimtations of picking up
things, and it is dependent on its
frictional inpact and nass.

BY ATTORNEY HACKMAN:

Q But would a change in capsid
formation potentially change how t he
particle interacting chemcally with the
envi ronment ?

ATTORNEY WLSON: | object to

129
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form

A. Then you are speaki ng of
hydrati on of sonme sort or solvation
ef fects.

Q And hydration and sol vation
effects do matter for frictiona
coefficients? Right?

ATTORNEY WLSON: | object to
form

A. Yes, they coul d.

BY ATTORNEY HACKMAN:

Q And just to clarify, do you -- in
your declaration did you do any anal ysis
of differences between -- differences in
AAV particle species with respect to their
hydrati on?

A. No, | did not.

Q So you woul d agree that your
opi ni ons are based on your concl usion that
t hey have approxi mately the sane size and
shape regardl ess of genonme content?

A. That is just --

ATTORNEY WLSON: | object to

form
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A. That is correct.

ATTORNEY HACKMAN. Al right. |
am going to mark anot her exhibit. Al
right. This is Exhibit 1041, the Lock
ref erence.

(Article entitled "Analysis of
Particle Content of Reconbi nant
Adeno- Associ ated Virus Serotype 8
Vectors by |on- Exchange
Chr omat ogr aphy” marked Exhi bit 1041
for identification.)

(Handi ng Exhibit 1041 to
W t ness.)

BY ATTORNEY HACKMAN:

Q Let nme know when you are ready --

A. Yes.

Q -- Dr. Berkowtz.

A. Yes.

Q Okay. So Exhibit 1041 is another
reference that you cited in your
declaration? Right?

A. Correct.

Q And in your paragraph 168, the
Lock -- of your declaration -- Lock is one
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of the references you cite in support of

your concl usion that genones are
approxi mately -- excuse ne -- al
particles are approximately the sane size?

A. Correct.

Q So you cite figure 2. So let's
go to figure 2 in Lock.

(Wtness conplying.)

Q So these -- figure 2 on page 59
of Exhibit 1041, these are the inages that
you are relying on to support your
conclusion that the particles are
approxi mately the sane size and shape?

Ri ght ?

A. Correct.

Q So this figure in Lock does not
address the presence of partial genones?
Ri ght ?

ATTORNEY WLSON: | object to
form

A. Yes.

BY ATTORNEY HACKMAN:
Q So all of the particles according

to Lock in this figure are either full or
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enpty? Right?

A. Basically yes.

Q So how can you draw t he
conclusion that partially full particles
woul d be approxinately the sanme --

ATTORNEY HACKMAN:  Excuse ne.
Let ne withdraw that.
BY ATTORNEY HACKMAN:

Q How can you draw the concl usion
that AAV particles with partial genones
are the sane size and shape as those that
are enpty and those with full genones if
the figure doesn't show partial particles?

ATTORNEY WLSON: | object to
form

A It is not scientifically shown
basically, but it is inplied, given the
preparation has all of these conponents
typically present in them and this is a
general field, you would inply that, you
know, you are seeing all of the material s,
the various features that are in there.
But granted, there is I[imtations. R ght?

We are not quantitating all of this. And
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It 1s true you can't -- it is difficult to
quantitate partials.
BY ATTORNEY HACKMAN:

Q And in addition to not being able
to quantitate size and shape --

ATTORNEY HACKMAN: Actually |et
me wi t hdraw t hat question.
BY ATTORNEY HACKMAN:

Q Wen you say difficult to
guantitate, are you referring to size and
shape of particles?

ATTORNEY WLSON: | object to
form

A. Yes.

BY ATTORNEY HACKMAN

Q And in addition to difficulty
wWith quantitating size and shape, it is
not possible fromvisual inspection to
determ ne differences in chem cal
properties? Right?

A. That's correct.

Q And one of those chem cal
properties would be hydration? Right?

A. That's correct.

www.LexitasLegal.com/Premier  Lexitas 888-267-1200

Genzyme Ex. 2039
Sarepta Therapeutics, Inc. v. Genzyme Corporation
Page 135 of 201



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Steven Berkowitz, Ph.D. - July 29, 2026

135
Q And hydration is a factor in --
A. Yes.
Q -- friction coefficients?
A. Potentially, yes.
ATTORNEY WLSON: | object to
form
Let himfinish the question.
THE W TNESS: Sorry.
ATTORNEY WLSON: W are getting
all --
THE WTNESS: |'msorry. Yes.
ATTORNEY HACKMAN:  Ckay.
BY ATTORNEY HACKMAN:
Q So we have been di scussing
el ectron mcroscopy for analyzing particle
si ze and shape. Are there other
techni ques that a person of ordinary skill
in the art would use to assess the surface
properties of an AAV particle?
ATTORNEY WLSON: | object to
form
A. Just focusing on the surface?
BY ATTORNEY HACKMAN:
Q Let's --
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ATTORNEY HACKMAN. | w il ask the

guestion a little bit differently.
BY ATTORNEY HACKMAN:

Q So looking at the structure of an
AAV particle, what are some ot her
techni ques that a person of ordinary skil
in the art would use for structural
anal ysi s?

ATTORNEY WLSON: | object to

form

A. When you say structure, what
exactly do you nean by structure?
BY ATTORNEY HACKMAN:

Q Wwell, for exanple, we discussed
earlier your studies on adenovirus?
Ri ght ?

A. Right.

Q And we noticed that adenovirus
have these fiber spikes? Right?

A. (The w tness noddi ng his head.)

Q Let's nmake sure it is verbal

A. Yes.

Q And you nentioned that electron

m croscopy could be one type of analysis

136
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for those particles?

A. Correct. At a -- at a certain
|l evel in terns of what it is capable of
seeing. Right.

Q And, for exanple, when we were
tal ki ng about the Lock and Gao el ectron
m croscopy i nmages, were those the type of
| mages that would allow you to see a
surface feature like a fiber spike in a
particle?

A. W have al ready gone through
that. | nentioned that you could see --
potentially see these fibers by el ectron
m croscopy.

Q Are there other nethods that
woul d provide a clear inage of the size
and shape of a particle?

A. Size and shape, fromsize
excl usi on chromat ography, it would | ook at
its overall structure.

Q Is Xray crystall ography a
potential nmethod to anal yze size and shape
of a particle?

A. Yes.
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Q Is that a nethod that you have

ever relied on for understanding the size
and shape of a particle?

A It -- yes.

Q And does Xray crystall ography
give a nore detailed inmage of a particle's
si ze and shape?

A. You are getting the atomc
structure of the entity that you are
st udyi ng.

Q So getting the atom c structure
IS nore detailed than --

A. Yes.

Q Just nake sure to give it tine.

A. Yes.

Q In terns of ensuring a reliable
| mage of a particle, do sone --

ATTORNEY HACKMAN: Let ne
wi t hdraw t hat .
BY ATTORNEY HACKMAN:

Q Wuld a person of ordinary skill
in the art rely on multiple different
anal yti cal nethods to ensure that they get

t he nost accurate inmage of a particle
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shape and si ze?

ATTORNEY WLSON: | object to
form
A. In principle, you would. But you
could take it to various levels. |If you

want to know nore and nore, yes, you want
to get nore and nore high resol ving

t echni ques.

BY ATTORNEY HACKMAN:

Q | think you nmentioned earlier
cryoel ectron m croscopy?

A. Yes.

Q And what is cryoel ectron
m croscopy?

A. Basically the material is
enbedded in ice, and you are | ooking at
nore native of a picture as opposed to
negati ve stain, where you dehydrate the
structure and stain it.

Q So when you do negative staining,
you said you dehydrate the structure?

Ri ght ?
A. Yes. The processing, the sanple

processing, potentially involves this.
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Q And woul d dehydrating the

structure inpact its size and shape?
ATTORNEY WLSON: | object to
form

A It is possible.

BY ATTORNEY HACKMAN:

Q And the Lock and Gao el ectron
m croscopy i nmages that you | ooked at,

t hose were done through the negative
staining techni que that you are referring
to?

A. Yes.

Q So it is possible that the
particles are not the sane size and shape
that they would be in a sedinentation
vel ocity AUC experinent?

ATTORNEY WLSON: | object to
form

A It is possible, yes, because they
are not in their native environnent.

BY ATTORNEY HACKMAN:

Q So a cryoel ectron m croscopy

experinment would potentially give you a

better inmage of the particle size and
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shape?

A. In a native, yes, an aqueous type
of solution. In this case it is ice. But
certainly less sanple -- having | ess --
| ess of an influence potentially on the
materi al .

Q And is cryoEMall ow --
cryoel ectron mcroscopy -- does that allow
t he experinmenter to see individual
structures, individual particle
structures?

ATTORNEY WLSON: | object to
form

A. You can see the three-di nensional
-- you can get three-dinensional structure
sonewhat equi valent to Xray defraction,
certain forns of the cryoEM
BY ATTORNEY HACKMAN:

Q Dd you look at cryoEM i nages of
reconbi nant AAV particles as part of your
anal ysis in your declaration?

A. | have seen in the pictures
cryoEM Yes.

Q And do you recall whether any of
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t hose pictures conpared particles having

di fferent genone sizes encapsi dated?

A. | don't think that was, you know,
determ ned in those type of pictures.

Q Are you aware of any studies that
conpared / TP-Z the particle inages of an
AAV particle » with an enpty versus a ful
genone?

A. | think there has been in the
literature. Yes.

Q But you didn't cite any of
t hose --

A. No.

Q -- to your awareness in your
decl aration?

A. No. Those are all nore recent --
| think they were nore recent, prior to
t he patent.

Q GCkay. So there was nothing
available in the art, the prior art,
before 2015 --

A. Much nore limted.

ATTORNEY WLSON: You have to |et

hi m finish the question --
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THE W TNESS: Ckay.

ATTORNEY WLSON: -- because we
don't know what he is asking you.

THE WTNESS: Al right.
BY ATTORNEY HACKMAN:

Q So there are no publications
before the tinme franme of about 2015 that
we are dealing with here that you are
aware of of cryoEM structures of AAV
particles having different genone --
genones encapsi dat ed i nsi de?

ATTORNEY WLSON: | object to
form

A. They were | ooking at the entire
preparation, so | would assune, you know,
that it would be present in there.

BY ATTORNEY HACKMAN:

Q GCkay. So entire preparations,
meani ng |ike --

A. Yes.

Q -- Gao and Lock?

A. Yes.

Q Actually I want to just return

briefly to the Le Bec reference,
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Exhi bit 1006.
(Wtness conplying.)

Q And we can go back to page 25 of
that reference. That is |abeled in the
exhi bit nunber, 1006, page 25.

A. Yes.

Q So these are the two figures that
we discussed earlier, and is your
understanding that in Le Bec they used
absor bance detection with U/ |ight?

A. Yes, they did.

Q And you nentioned that in the
Le Bec publication they were determ ning
the areas of the peak? Right?

A. Correct.

Q And they were doing that to
gualitatively conpare the nunber of enpty
versus full AAV viral --

A. Yes.

Q -- particles?

A. Yes.

Q But that wasn't their
quantitative experinment? R ght?

ATTORNEY WLSON: (Qnjection.
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A. To that level in terns of signa

response. R ght.
BY ATTORNEY HACKMAN:

Q And one of the things that a
person of ordinary skill in the art would
need to quantify concentration accurately
woul d be the extinction coefficients of
the different viral particle species?

Ri ght ?

A. Yes.

Q And in order to determ ne an
extinction coefficient, one of ordinary
skill in the art would need to know how
much genone is encapsidated within a
particle? R ght?

A. Yes.

Q And know ng that would require
knowi ng the nol ecul ar wei ght of that
genonme? Right?

A. It would help you get it. Yes.

Q | think you nentioned earlier
that for determ ning nol ecular weight of a
genone - -

ATTORNEY HACKMAN. Actually, let
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me back up.
BY ATTORNEY HACKMAN:
Q So just generally in AUC
anal yses, determ ning the nol ecul ar wei ght
of a particle is -- was generally done
usi ng sedi nentation equilibrium AUC?
Ri ght ?
ATTORNEY WLSON: | object to
form
A. Yes. That nmde it easier.
BY ATTORNEY HACKMAN:
Q Yes. And Le Bec doesn't go to
that step of determ ning the nolecul ar
wei ght? Right?
A. Correct.
Q | want to go to -- | amsorry to
keep goi ng back and forth.
Let's go back to your
declaration, and we will go to
par agr aph 190.
(Wtness conplying.)
A. Right.
Q So | amlooking at the table in
190, and you have -- in the rightnost
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col um you have the "Nunber of
nucl eoti des" ?

A. Yes.

Q Wiere did you get these val ues
fronf

A. They are hypot hetical based on
what a full AAV would contain. | think in
the literature, it is commonly said that a
full wild AAV will hold 4,700 nucl eotide
pi eces of DNA.

Q OCkay. So Le Bec doesn't give you
this data then?

A. No.

Q And this is approxi nated on the
viral genone being the maxi num size?

A. Typical.

Q Typical? Sorry. Typical?

A. Yes. Because you can overfill
t hese.

Q OCkay. Wuld overfilling an AAV
particle potentially inpact its size and
shape?

ATTORNEY WLSON: | object to

form
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A. It is possible.
BY ATTORNEY HACKMAN:

Q And would enpty space within a
capsid potentially lead to distortions of
the particle surface?

ATTORNEY WLSON: | object to
form

A. | don't know what you nean by --
| nean there is enpty space in partials?
Correct?

BY ATTORNEY HACKMAN:

Q R ght.

A. CKkay.

Q Could that inpact the size and
shape of the particle?

ATTORNEY WLSON:. njection to
form

A. Enpty space? Not necessarily.
No.

BY ATTORNEY HACKMAN:

Q And then the 2,300 -- you have
the 4,700. You said that that is the
t heoretical maxi mumor typical -- let ne

back up.
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You said the 4,700 is the typical
genone size for a fully inpact particle?
Ri ght ?

A. That is what is found in the
nature w | d.

Q The 2,300, how do you derive that
nunber ?

A. They are trying to nake a
conpl enentary piece of DNA, and if you
| ose one of the conplenentary pieces, it
I's half the nol ecul ar wei ght.

Q Okay. So you relied on Le Bec's
statenment that it was a single strand
particle?

A. Yes.

ATTORNEY HACKMAN.  Onh, | know
what | want to do. Are you okay on a
break? Good?

ATTORNEY WLSON: Are you okay?

THE WTNESS: | am okay.

ATTORNEY HACKMAN:  Ckay.

Let nme go to another exhibit
here. W are going to mark Exhibit 1012.

(Article entitled "Assenbly of
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Adeno- Associ ated Virus" marked
Exhibit 1012 for identification.)
(Handi ng Exhibit 1012 to
W t ness.)
BY ATTORNEY HACKMAN:

Q Ckay. Dr. Berkowitz, are you
famliar with this exhibit?

A. Yes.

Q And this was anot her publication
that you cited in your declaration?

Ri ght ?

A. Right.

Q So Exhibit 1013 is anot her
publication that came fromDr. Carter's
group?

A. Correct.

Q So this is also referred to as
the Myers publication.

So this is another exanpl e where
t hey observed the AAV 1.45 and AAV 1.41
particles, which both contained intact
genonmes? Right?

ATTORNEY WLSON: | object to

form
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A. Yes.

BY ATTORNEY HACKMAN:

Q And one of the goals of this
publication was to anal yze the assenbly
process of AAV particles?

A. Yes.

Q And so your analysis is that --

ATTORNEY HACKMAN: Actually this
is a question, | will wthdraw that.
BY ATTORNEY HACKMAN:

Q Does your analysis assune that
the insertion of the DNA into a preforned
capsid is a single-step process?

ATTORNEY WLSON: | object to
form

A. Wthin the Iimtations of
know edge, yes. It is, yes.

BY ATTORNEY HACKMAN:

Q Have you seen anything in the
literature that indicates that there may
be additional steps in which internediate
particles convert to the final product?

ATTORNEY WLSON: | object to

form
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A. Not to ny know edge per se,
al t hough there could be speculations in
the attenpts to look for that. | amsure
that is where the things that they are
trying to do is to assess, within their
limtation and capability, especially at
this tinme, you know, which is 1980.

BY ATTORNEY HACKMAN:

Q Right. And did you see any
ref erences since the Carter group
references that you cite in your report of
where they discussed the assenbly -- the
assenbly of viral particles nore recently
t han these publications?

A. | haven't pursued that
extensively. So | am assum ng, you know,
there mght very well be, you know, nore
literature for sure.

Q But you have relied on these --

A. Yes.

Q Sorry. Let ne finish the
questi on.

A I'"msorry.

Q You relied on these publications
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for the purposes of presenting your
opi nion in your declaration? Right?

A. Yes.

Q If we go to paragraph -- excuse
me -- page 81 of the Exhibit 1012.

(Wtness conplying.)

Q And in the right colum, starting
with the sentence "Also it does not appear
to arise” fromthe particles. Starting
there. There is alittle passage. | wll
just let you read that.

ATTORNEY W LSON: Where are you
agai n?

ATTORNEY HACKMAN: On page 81.

ATTORNEY W LSON: Right.

ATTORNEY HACKMAN:  Then on the
right colum starting at the top of the
colum and just start -- you can actually
start at the paragraph, sorry, the
| ef t nost par agr aph.

THE W TNESS: Ckay.

ATTORNEY HACKMAN:  The bott ommost
paragraph on the left side, and then it
continues on to the right side.
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THE WTNESS: Yes. | amsorry.
| wasn't follow ng that.
ATTORNEY HACKMAN:  That's okay.

| mucked it up pretty badly.
BY ATTORNEY HACKMAN:

Q So we start -- it is the |ast
par agraph of the left col um.

A. The | ast paragraph?

Q It starts with "The AW (SP)
conmponent . "

A. This is on page 10127

Q Sorry. Exhibit 1012, page 81.

A. Ch, 81? Yes, | amon 81. Wich
side? Left? R ght?

Q At the bottom-- the paragraph
that starts at the bottom

A. "The AAV(SP)"?

Q Yes.

A Al right.

Q | amjust going to let you read
t hi s paragraph.

A. Ckay.

Q And then we can go to specific

parts of it and request questions.
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(Pause.)
(The witness view ng
Exhi bit 1012.)

A. Yes.

Q So a theory that they were
providing in this paragraph regardi ng AAV
assenbly was that the denser 1.45 particle
was a precursor to the 1.41 particle?

Ri ght ?
ATTORNEY WLSON: | object to the
form

A. They specul ate. Yes.

BY ATTORNEY HACKMAN:

Q And you recall that the
1.45 particle had a smaller dianeter than
the 1.41? Right?

A. Fromits sedinentation is
inmplying that; right? And | guess there
was a side reference that seened to
i ndi cate that that was the case.

Q Right. And so this suggests that
one possibility is that the smaller 1.45
particle was a precursor to the

1.41 particle? Right?
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A. That is what they are trying to
find out. Yes.

Q And that would be -- that would
-- that would contradict the assenbly
process being a single step? Right?

ATTORNEY WLSON: | object to
form

A If true, yes.

BY ATTORNEY HACKMAN:

Q The other possibility could be
that not all preforned capsids are the
sane size? Right?

ATTORNEY WLSON: | object to
form

AL Hm If it was true, yes.

BY ATTORNEY HACKMAN

Q Wat do you nean "if it was
true"?

A. You are saying that -- can you
just repeat that again --

Q Sure.

A. -- so that | can --

Q Sure. W will go back a step
her e.

www.LexitasLegal.com/Premier  Lexitas 888-267-1200

Genzyme Ex. 2039
Sarepta Therapeutics, Inc. v. Genzyme Corporation
Page 157 of 201



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Steven Berkowitz, Ph.D. - July 29, 2026

157

A. Yes.

Q W know we have two popul ations
of AAV species that have different
densities --

A. Yes.

Q -- and different dianmeters?

Ri ght ?

A. Yes.

Q And these two species have the
sanme anmount of DNA content?

A. Yes.

Q Right?

A. Right.

Q And we al so know that these two
speci es have the sanme DNA-to-protein
rati o? Right?

A. That's correct.

Q So would this -- is one possible
theory for how we got to having these two
species of particles be that the preforned
capsids were different for each species of
particle?

ATTORNEY WLSON: | object to
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A. | nmean they speculate it could be

a dead end for the process. So this is
not -- this does not necessarily lead to
the final finished product. It is a
pathway. It is an alternative pathway
that | eads to they don't know. They call
It a dead end? Right?

BY ATTORNEY HACKMAN:

Q Right. If it is a dead-end
process that neans it is possible to end
up wth heterogeneous AAV particle
conposition where there are particles of
di fferent shapes and sizes containing the
same genom ¢ DNA? Right?

ATTORNEY WLSON: | object to
form

A. | guess so. Yes.

BY ATTORNEY HACKMAN:

Q And the other alternative is that
there is a multistep process? Right?

A. Possibly, yes.

Q kay.

A. | don't think they rul ed out

degradation. They talk about that in this
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paragraph, | think, where does it say it?
Because of the -- "also it does not appear
to arise fromdisruption.”

That is an interesting statenent
that you make there. | nmean there could
be sonmething -- this may not have nothing
necessarily to do wth the assenbly
process, but it could actually be sone
degradati on of these preforned capsids.

Q And if there is a degradation
product, that would be sonething a person
of ordinary skill in the art would want to
characterize --

A. Yes.

ATTORNEY WLSON: (Object to form

Let himfinish the question.

BY ATTORNEY HACKMAN:

Q If there is a degradation
product, it would be sonething that
sonmebody -- a person of ordinary skill in
the art would want to characterize in the
conposition? Right?

A. Yes.

ATTORNEY HACKMAN. I f it is okay,
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we take a little break here.

THE W TNESS: Sure.

ATTORNEY HACKMAN: | don't know
if we want to do -- what the |unch pl an
I S.

ATTORNEY WLSON: Let's go off
the record first.

THE VI DEOGRAPHER: The tine is
12: 00 p.m W are off the record.

(Luncheon recess taken at

12: 00 p.m)
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AFTERNOON SESSI ON
12: 43 P. M

THE VI DEOGRAPHER: The tine is
12:43 p.m, and we are on the record.

BY ATTORNEY HACKMAN:

Q Dr. Berkowitz, during the lunch
break, did you have any discussions wth
counsel regarding your testinony today?

A. No.

Q Thank you.

So AUC in general has been
avail able to scientists for several
decades? Right?

A. A century.

Q How long in that period has
sedi nentation velocity AUC been an
avai |l abl e techni que?

ATTORNEY WLSON: | object to
form

A. It has been avail able during that
time.

BY ATTORNEY HACKMAN:

Q So your testinony then is that it
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has been about a century that
sedi nentation velocity AUC has been
avai |l abl e?

ATTORNEY WLSON: | object to
form

A. Yes.

BY ATTORNEY HACKMAN:

Q And we understand that fromthe
Carter references, as you say, there had
been work to characterize the structure of
AAV particles starting back at least in
the 1970s? Right?

A. Correct.

Q And in that tinme one of the
techni ques that was used to characterize
AAV particles was AUC? Right?

A. Yes.

Q Are you surprised based on this
know edge that it took several decades for
researchers to devel op a nethod to use
sedi mentation velocity AUC to determ ne
the size of encapsi dated genones?

ATTORNEY WLSON: | object to

form
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what we have been tal king about in terns
of Carter's lab is -- in ternms of you
woul d call analytical ultracentrifugation
that has all been done preparatively, and
we still call it analytical, | guess sone
people call it analytical, but in reality
you coul d sort of use the reference
preparative.

Anal ytical ultracentrifuge

made to foll ow the novenent of particles.
Its whol e objective is to analytically

| ook at these materials. And so what we
are dealing with here is predomnantly --
| shouldn't say predomnantly -- all the
stuff that is being reported by Carter's
| ab are preparatory-type anal ytica
ultracentrifugation basically, where one
of your main objectives is to fractionate
all of these materials to get these
materials to do virtually other
experinments. It is used to characteri ze.

But you are also getting materials to do

A. No. | nmean you have to -- | nean

basically is a very precise device that is
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foll owon experinents.

In terms of all of these years in
ternms of sedinentation velocity, you have
got to look at, until we get around the
year 2000, where Peter Schuck basically
devel ops this program SEDFI T where you can
really do a |lot of detail ed analytica
anal ysi s on sedinentation velocity, the
capability of the analytical tool

Agai n here when | say anal ytical,
| amtal king about a speci al
ultracentrifuge that is basically focused
on analytically characterizing and
utilizing these tools. Around 2000 this
program cones out and gives you a
t remendous anmount of capability of
| nprovi ng the separations basically.

So that is sort of a point where
centrifugation would start being applied
to, particularly in terns of the
commercial area, and biotechnology is --
obvi ously wasn't, you know, around as it
I s today.

So as an analytical tool and the
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capability of that, this analytical tool,
you have to |l ook at the year 2000 as sort
of a starting point where people basically
realized the capability of this technique
and really take advantage of it.

So at that tinme also then you
al so have to keep in mnd that gene
therapy was a |low | evel activity prior to
goi ng back to the '70s, '80s, '90s, and
then in 2000, around, it took a big hit.
Gene therapy wasn't really a big area for
doing a | ot of analytical work. A |ot of
busi nesses was trying to get this
technol ogy off the ground.

Then when they had this big
probl em occur, it took a nose dive.
Meanwhi | e, centrifugation, analytica
centrifugati on was bei ng propagated you
m ght say. People were realizing its
capability.

| wote a paper in 2006 with the
key purpose of highlighting, you know,
this technique. 1t sort of went asleep

basically and needed to have a little
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reawakeni ng. And then people -- it took

time for people to realize the capability
of prograns |ike Peter Schuck.

So you tal k about the delay. |
think in the context of what | have been
telling you, it is not by any neans
unusual that what we're seeing, that there
wasn't nuch, you know, earlier activity in
developing this to where it is today. It
has taken a long tine to materiali ze.

And people were pursuing a |lot of
ot her techniques to characterize, you
know. Mass spectronetry was making a big
realization, and people were turning to
that, to do sone things that to sone
extent you could do with anal ytica
centrifugation, particularly in terns of
nol ecul ar wei ght and gel s and
hi gh- per f ormance chr onat ogr aphy were
appeari ng on the scene.

So this technique fell asleep you
m ght say. Even the instrunent conpanies,
it took quite a bit of proddi ng by what

few researchers that were left in the
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field to nake a second generation nmachi ne,

whi ch appears in the '90s, md ' 90s,
around that tine.

And, like | said, the devel opnent
of Peter Schuck that followed, that really
put inpetus, but, you know, it takes tine
to get people doing things, and gene
t herapy needed a recovery period of sone
sort.

Certainly after the 2000 sort of
debacl e around that tinme that occurred
wth WIlson, who was a pioneer. | don't
remenber his |ast nanme. But there was a
death, and it really took a -- you know,
what ever was going on took a big hit. So
even that field sort of fell asleep.

And the work of AAV to try to get
around all of these problens of side
effects fromdelivering these -- these --
t hese types of drugs, adenovirus, you
know, adenovirus still being sonmewhat
pursued. AAV now has cone sort of cone to
the forefront. So it has taken all of

these things for things to fall into
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pl ace.

So fromny perspective, this is
not surpri sing.

BY ATTORNEY HACKMAN:

Q So | think you nentioned -- nay
have nmentioned Beckman Coulter. Beckman
Coul ter?

A. Yes. Beckman Coulter, right.

Q And Beckman Coul ter publicizes
the work of AUC researchers? Right?

A. Yes. Sure.

Q And you have been one of those
researchers that have spoken at Becknan
Coul ter --

A. Yes. Right.

ATTORNEY WLSON: Let himfinish
the question. You are kind of junping the
gun a little bit.

THE WTNESS: Sorry. | -- it is
a fault of m ne.

ATTORNEY HACKMAN: It is a --
depositions are a different environnent
t han we are accustoned to.

THE W TNESS: | amnewto it. It
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Is not a good idea to talk over people
obvi ously.
BY ATTORNEY HACKMAN:

Q So woul d you consi der Beckman
Coulter influential in the field of

anal ytical ultracentrifugation?

ATTORNEY WLSON: | object to
form
A. They are the only ones that nakes
the instrument. So if they are -- they

have a nonopoly on the whol e thing.
BY ATTORNEY HACKMAN:

Q So do practitioners often consult
wi th Becknman Coulter as part of their work
I n AUC?

ATTORNEY WLSON: | object to
form

A. There are sone probably
col l aboration. | don't know if they are
that bigonit. | think alot of their
col |l aboration is nore or |less to get
exposure, right, fromthe adverti senent
st andpoi nt .

BY ATTORNEY HACKMAN:
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Q And so, for exanple, howdid it

cone about that you have given | ectures
sponsored by Beckman Coul ter?

A. Because | was pretty influential
-- 1 would like to think I was pretty
influential in getting people to pay
attention to the technique.

Q So Beckman Coul ter discussed
havi ng you present on the AUC topic
because they were trying to get visibility
within the industry of the value of the
techni que? Right?

A. Yes.

ATTORNEY WLSON: | object to
form
BY ATTORNEY HACKMAN

Q And do the users of AUC
instrunents | ook to Beckman Coul ter for
gui dance as to how to design AUC
experi nents?

ATTORNEY WLSON: | object to
form

A. To sone extent, yes.

BY ATTORNEY HACKMAN:
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Q What sort of guidance does the
user seek from Beckman Coulter in your
experience?

ATTORNEY WLSON: | object to
form

A. In terns of the operation of the
I nstrunent.

BY ATTORNEY HACKMAN:

Q What about in terns of the

capabilities of what type of assays that

can be done using the instrunent?

ATTORNEY WLSON: | object to

form
A. | don't know how nuch that --
that goes on per se. | nean they have

probably a very limted capability of on
their own devel opi ng net hodol ogy, you
mght say. It is a small part of their
busi ness.
BY ATTORNEY HACKMAN:

Q | want to go back to an exhibit
that we have already marked, which is
Exhi bit 1013.

A. What is the authors on that?
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Q This is also a de |a Maza and
Carter publication.
Ckay.
This is the one from March 1980.
March of 20807
1980.

> O > O >

1980, the Journal of Virol ogy?

Q That is right. If you | ook at
t he bottom 1013 is the exhi bit nunber.

A. Oh, yes. Yes.

Q And so previously, to orient
ourselves, in this publication de |a Maza
and Carter describe these two AAV
particles having different density but the
same DNA content and sane DNA protein
rati o? Right?

ATTORNEY WLSON: | object to
form

A. Right.

BY ATTORNEY HACKMAN:

Q And they did use sedinentation
velocity AUC i n anal yzing these two
particles? Right?

ATTORNEY WLSON: | object to
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form

A. Yes. Again this is a preparative
I nvestigation, analytical preparative
I nvesti gation.

BY ATTORNEY HACKMAN:

Q M understandi ng of preparative
anal ytical ultracentrifugation is that its
purpose is to be able to isolate separate
particles? Right?

A. Right.

Q But here if we | ook at, for
exanple -- well, the easy place to find is
t he abstract at --

A. Yes.

Q -- the top of page 1129.

A. Yes.

Q They al so discuss sedi nentation
velocity? Correct?

A. Yes.

Q And that is what these 109 and
111 nunbers are? Right?

A. Yes. Those are -- yes. Those
are sedi nentation coefficients. Right.

Q So sedinentation velocity AUC is
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not a preparative nethod? Right?

ATTORNEY WLSON: | object to the

form

A It could be carried out in a
nodal ity of what | would call preparative.
You could neasure -- you certainly can
measure nunerically the sedi nentation
coefficients fromthe peaks, but you don't
need it typically as you would use an
anal ytical -- a defined special instrunent
that is made to really | ook very carefully
at what is sedinenting here under --
under, you know, very controlled optinmm
conditions you m ght say.
BY ATTORNEY HACKMAN

Q So if you recall we had the
1.45 density and the 1.41 density AAV
particles? Right?

A. Yes.

Q The 1.45 particle is a denser
particle than the 1.41? Right?

A. Right.

Q Now the denser particle, however,

sedinents at a lower rate than the | ess
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dense particle? Right?
ATTORNEY WLSON: | object to

form

A. Right. That's right.
BY ATTORNEY HACKMAN:

Q And doesn't this provide sone
evi dence that friction can be
unpredi ctable in sedinentation velocity
AUC?

ATTORNEY WLSON: | object to

form

A. You are referring to the nature
of there was a structure basically.
What ever gives rise to that friction, it
is -- it is -- it is indicative of the
surprise in the particle basically. It is
-- the particle structure.
BY ATTORNEY HACKMAN:

Q Wat do you nean -- |I'msorry?

A Yes. It's -- maybe if you just
repeat the question for ne again. Mybe |
can --

Q That's okay.

So | asked whet her the fact that

175
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the denser particle sedinents at a | ower
rate than the | ess dense particle --

A. Right.

Q -- is an indicator that there is

unpredictable friction in AAV particles?

ATTORNEY WLSON: | object to
form
A. It is unpredictable structure of
the particle, howit is behaving. It

pl ays out in ternms of whatever the
particle structure is there, then that
reflects the physical properties
basi cal | y.

So | amsort of maybe getting --
when you say unpredictability about
friction, you are tal ki ng about the
unpredictability of the structure.

BY ATTORNEY HACKMAN:

Q | see. So the structure of
particles produced in an AAV conposition
appears to have sone unpredictability in
terns of its surface properties?

ATTORNEY WLSON: | object to

form
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A In terns of the structure. 1In
terms of what would normally be -- norma
anti ci pat ed behavi or based on ot her
knowl edge, yes. It falls out like this is
an outlier. R ght?
Q Under st ood.

ATTORNEY HACKMAN: | amgoing to
pause here. | think | amactually near
wrapping up. | just want to evaluate to
see if there are any other final
questi ons.

ATTORNEY WLSON. Let's go off
t he record.

THE VI DEOGRAPHER: The tine is
1:00 ppm W are off the record.

(Recess taken at 1:00 p.m)

(Recess ended at 1:10 p.m)

THE VI DEOGRAPHER: The tine is
1:10 p.m, and we are on the record.

ATTORNEY HACKMAN:  Thank you.

BY ATTORNEY HACKMAN:
Q So during the break, did you
di scuss any aspect of your testinony with
counsel ?
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A. No.

ATTORNEY HACKMAN:  So | just want
to thank you, Dr. Berkowitz. | am
conplete with these questions, with the
reservation if there is any redirect
testi nony, an opportunity to cross you on
t hat .

THE W TNESS: Ckay.

ATTORNEY WLSON: | don't have
any questions for Dr. Berkowtz.

ATTORNEY HACKMAN:  One final
thing. Thank you very nmuch for your tine
today, Dr. Berkowitz. W appreciate it.

THE WTNESS: Thank you.

THE VI DEOCGRAPHER: The tine is
1:10 p.m The deposition is concluded and
we are off the record.

(Wher eupon, at 1:10 p.m, the

deposi ti on was adj ourned.)
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DEPONENT' S ERRATA SHEET

AND S| GNATURE | NSTRUCTI ONS

The original of the Errata Sheet has
been delivered to ROBERT WLSON, ESQU RE.
Wien the Errata Sheet has been
conpl eted by the deponent and signed, a copy
t hereof should be delivered to each party of
record and the ORIG NAL delivered to BLAI NE
HACKMAN, ESQUI RE, to whomthe original

deposition transcript was delivered.

| NSTRUCTI ONS TO DEPONENT
After reading this volune of your
deposi tion, indicate any corrections or
changes to your testinony and the reasons
therefor on the Errata Sheet supplied to you
and sign it. DO NOT nmake marks or notations

on the transcript volune itself.

REPLACE TH S PAGE OF THE TRANSCRI PT
W TH THE COVPLETED AND SI GNED ERRATA SHEET

VWHEN RECEI VED.
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ATTACH TO DEPGCSI TI ON OF
STEVEN BERKOW TZ, Ph. D.

CASE: SAREPTA THERAPEUTI CS, | NC. v. GENZYME
CORPORATI ON

DATE TAKEN. July 29, 2026
ERRATA SHEET
Pl ease refer to the precedi ng page
errata sheet instructions and distribution
I nstructions.
PAGE LI NE CHANGE REASON
/ / /

/ / /

| have read the foregoing transcript of
ny deposition and except for any corrections
or changes noted above, | hereby subscribe to
the transcript as an accurate record of the
statenents made by ne.
Executed this _ day of
, 2026.

STEVEN BERKOW TZ, Ph. D.
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CERTI FI CATE

Commonweal t h of Massachusetts
Pl ynout h, ss.

[, Judith McGovern Wllians, a
Notary Public in and for the Commonweal t h of
Massachusetts, do hereby certify:

That STEVEN BERKOW TZ, Ph.D. , the
Wi t ness whose deposition is hereinbefore set
forth, was duly sworn by ne and that such
deposition is a true record of the testinony
gi ven by the said w tness.

IN WTNESS WHERECF, | have hereunto
set nmy hand this 30th day of July, 2026.

v Judi th NtGSvern\NllianB
Regi st ered Professional Reporter
Certified Realtinme Reporter
Certified Shorthand Reporter No. 130993
My Comm ssi on expires:
April 19, 2031
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