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July 27, 2010

Division of Extramural Inventions & Technology Resources (DEITR), OPERA, OER
National Institutes of Health (NIH)

Attn: U.S. Manufacturing Waiver Request

6705 Rockledge Drive, Suite 310, MSC 7880

Bethesda, MD 20892-7980

{301} 435-1986

Edison@nih.gov

RE: U.S. Manufacturing Waiver Request for Invention Report Numbers: 1524003-01-0010; 1524003-01-
0013; 1524003-01-0014; 1524003-01-0018; 1524003-01-0013

The University of Oklahoma (the “University”) submitted a request for a Waiver of the Preference for
United States Industry for Invention Report #1524003-01-0013 on or about October 27, 2009 ("Waiver
Request’), which was granted, in part, pursuant to a Aprit 22, 2010 letter from John Salzman (the
“Waiver"). The purpose of this letter is to seek clarification and reconsideration of the scope and
conditions of the Waiver.

i Background

As set forth in more detail in the Waiver Request, the University, with funding from the National Institutes
of Health and the National Science Foundation (“Funding Agencies”), developed technology for the
recombinant production of hyaluronic acid (‘rHA”), and subsequently licensed the technology to Hyalose,
LLC, a company formed in Oklahoma, in 2000. After considerable effort, Hyalose, LLC was unable to
_ identify or attract any companies that were willing to sublicense the rtHA technology and develop full-scale
production capabilities for rHA in the United States. See Waiver Request, Sec. lll.B. Later, Novozymes
AJS (“Novozymes”) entered the hyaluronic acid business and approached Hyalose, LLC about a potential
sublicense for the THA technology. In May 2002, Hyalose, LLC granted Novozymes A/S (‘Novozymes')
an exclusive license to practice the rHA technology.

. The University submitted its Waiver Request after multiple feasibility analyses by Novozymes revealed
that it would be cost-prohibitive to manufacture rHA in the United States ("U.S."). The Waiver recognizes
and accepts that it is not commercially feasible to manufacture rHA in the United States and, thus, waived
the requirement to substantially manufacture rHA in the United States.

The Waiver, however, contains !imitations and conditions that will prevent the commercialization of the
rHA technology, which will deprive the public of the substantial benefits of rHA as described more fully.in
the Waiver Request. See Waiver Request, Sec. II. First, the Waiver does not include all applicable
inventions, which is the result of the University’s inadvertent failure to identify all inventions relevant to,
and a part of, the rHA Technology in the Waiver Request. Second, the Waiver restricts manufacturing
options outside the United States to Denmark. Unforfunately, as detailed in the Waiver Request, it is not
commercially feasible to manufacture rHA in Denmark. In particular, among other things, given the
significant employer costs attendant to manufacturing in Western Europe, manufacturing in countries
such as Denmark simply is not feasible; indeed, production testing for rtHA at Novozymes' Danish facilities
has shown a “significant net operating loss.” See Waiver Request, Sec. IV.A. The University requests,
- for the reasons stated below, that if the Waiver must be limited to specific locations, that the Waiver at
least include Bulgaria and China, which appear to provide the best chance for economically-feasible
manufacturing. Finally, the Waiver is limited to three years, which creates an insurmountable risk from a
business perspective that production may not be abte to continue after the expiration of the three-year
Waiver. As described in Section IV below, the University requests that the Funding Agencies with iEdison
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modify the three-year limitation to apply only to requests for additional or different manufacturing
locations.

in an attempt to rectify the above-mentioned issues, the University respectfully requests that the Waiver
be modified as set forth below. For the sake of brevity and clarity, this letter will refer to specific sections
of the Waiver Request and hereby incorporates by reference the relevant background information therein.

1. Additional Relevant Inventions

As stated above, the Waiver Request inadvertently failed to include reference to all inventions relevant to
the rHA Technology for which the University is seeking a manufacturing waiver. Please see Attachment 1
for all applicable inventions and invention report numbers. The University respectfully requests that the
agency expand the scope of the Waiver to include all such inventions. The additional inventions are an
integral part of the rHA technology and, thus, expanding the waiver to include these inventions is
necessary. Further, expanding the waiver to include the additional invention records will not increase the
technology or products being manufactured outside the United States because the additional inventions
merely are components of the rHA technology.

M. Manufacturing Locations

As explained more fully in the Waiver Request, and accepted in the Waiver, the benefits of the rHA
technology will not be realized if the rHA is required to be manufactured in the U.S. because current u.s.
facilities lack the capacity for rHA manufacturing and domestic manufacturing would be cost-prohibitive.
More directly, as stated in the Waiver, “[n]o facility in the United States suited for B. subtilis appears able
to do the extraction, and retrofitting a plant while meeting cGMP requirements would be cost-prohibitive
{building a new plant would be even worse).” See Waiver, pg. 1.

The Waiver, however, appears to limit the options for foreign manufacturing to Novozymes' existing
facilities in Denmark, which was not the intent of the Waiver Request, and if not amended per this letter
would not make it feasible for Novozymes fo provide the benefits of this technology to the U.S. market.
Specifically, the Waiver states that “Novozymes can cost-effectively adapt a food-grade facility in
Denmark to manufacture the products and meet cGMP requirements” and that the Waiver therefore is
limited to the “use of the licensee’s [Novozymes'] existing facilities only as discussed in the waiver
request” See Waiver, pgs. 1-2. The Waiver Request did not state this use of a Danish facility for full-
scale production. To the contrary, as noted above and as explicitly stated in the Waiver Request, the
tests run at Novozymes Denmark facility to determine feasibility revealed that permanent, full-capacity.
- production of rHA at Novozymes’ existing facilities in Denmark would be cost-prohibitive. - See Waiver
Request, Sec. IV.A. -Indeed, the limited production test run at the Denmark facilities resulted in a
“significant net operating loss.” See id. ' : '

The Waiver Request suggested, based on thorough analyses, that full-scale production in China at an
existing Novozymes site likely is economically feasible due to lower capital and labor costs, and that
economically and commercially feasible options outside China may exist as well.  See Waiver Request,
‘Sec. V. Simply put, the Waiver Request sought-a waiver of the domestic manufacturing requirement to
allow rHA production by the University's licensee and sublicensees at-one or more facilities in China and
other potential foreign locations that prove to be economically feasible. Such a waiver would provide the
greatest opportunity for successful production-and commercialization of the rHA Technology.

The University, Hyalose, and Novozymes believe a license without geographic restrictions is the only
feasible way for the benefits of the rHA technology to reach the U.S. market and, therefore, request that
the Funding Agencies grant a revised waiver without identifying a specific location outside the U.S. for

ﬁﬁﬁﬁﬁﬁﬁ

manufacturing.  If, however, the Funding Agencies are required to identify specific locations for
manufacturing .outside the U.S., the University and Novozymes request that the Funding Agencies at
least approve China and Buigaria as permissible manufacturing locations for Novozymes and its
sublicensee.
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A. China

As explained in more detail in the Waiver Request, the business model run for this specific case suggests
that manufacturing in China would allow for financially viable commercial production due to lower capital
and labor costs. See Waiver Request, Sec. V. Novozymes has conducted the economic due diligence
related to a rHA production facility for non-occupied land in Tianjin, China with existing infrastructure,
waste water treatment and basic utilities in place. Investment in a new facility on this site in Tianjin is
estimated to be approximately (b)(4) the cost for a U.S. facility. Combined with
the lower labor costs, ‘the overall DUSMESS case Tor China is positive with a reasonable margin for
downside risks such as delays and price erosion. Moreover, reduced production costs will prevent
significant product price increases for the consumer. The facility in China will be designed for the
production of pharmaceutical grade rHA and will not be constructed to include cosmetic grade
manufacturing. . '

B. | Bulgaria

Since the submission of the Waiver Request an additional analysis was conducted by Novozymes’
sublicensee identifying Bulgaria as an economically viable manufacturing location due to the identification
of a contract manufacturer with existing facilities potentially capable of supporting the full manufacturing
process for cosmetic-grade rHA (fermentation - recovery/purification = spray drying) with relatively
minor modification and investment. Under the contractual arrangement with Novozymes' sublicensee,
Novozymes will not be producing cosmetic grade for its sublicense. As stated in the Waiver Request, the
entire production process for rHA must be completed as one continuous process in the same plant
- because the liquid concentrate is not microbially stable during longer storage time and extended time
between steps may result in product degradation. The lack of existing facilities with the capacity and
capability of manufacturing with littfe to no additional capital investment has been the primary roadblock to
full-scale commercial manufacturing to this point.  Without the need for significant initial capital
expenditure, cost estimations for manufacturing in Bulgaria at approximately (b)4) der kilogram indicate a
viable business case for commercial manufacturing. Simply put, the option of manufacturing cosmetic-
grade rHA in Bulgaria is needed to bring the rHA technology to the United States.

V. - Waiver Duration

Finally, the Waiver is limited to a three-year period starting from the date of the Waiver. To the extent the

entities did so, the University and Novozymes did not intend to imply that such a limited waiver would

- alleviate the financial roadblocks to full-scale production. Full-scale production in China, Bulgaria, or any
other foreign location, will require expenditures that cannot be justified based on a waiver limited to three
years.  In.other words, Novozymes or its sublicensee could not justify, from an economic standpoint,

“ planning, . modifying and/or building and staffing a rHA manufacturing facility based on a three-year
waiver. The University requests a waiver without restrictions to duration, which would provide the most
options and best .opportunity for expedient, cost-effective commercialization by Novozymes and its
sublicensee. That being said, the University and Novozymes recognize that the three-year limitation
likely satisfies a Funding Agency and iEdison preference in waiver approval and oversight. As such, if the
Funding -Agencies and iEdison cannot grant a perpetual waiver for this technology, the University
requests that the Funding Agencies and iEdison remove the three-year limitation and replace it with a
requirement that Novozymes and its sublicensee must reapply for a waiver if Novozymes desires,

“anytime after three years from the date of the waiver, to relocate or expand the manufacturing facilities.
This will allow the manufacturer some level of comfort that it might at least be able to recoup its capital
costs with respect to manufacturing facilities built within the three year waiver period.

V. Conclusnon
Novozymes has made considerable effort in attempting to commercialize the rHA technology and bring

the benefits of the technology to the U.S. and international markets. Based on these efforts, as well as
the initial efforts by Hyalose, LLC to identify a licensee, it is clear that not only is manufacturing
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substantially in the U.S. cost-prohibitive, but that the options identified in this request are the only options
for full-scale manufacturing and bringing this technology to the public.

Moreover, as stated in Section 1l of the Waiver Request, there are numerous benefits to the U.S. from
bringing this technology to market in a cost-efficient manner, including, but not limited to, improvements in
safety and quality of important medical products and cosmetics, generation of revenue through license
fees, and the job creation associated with bringing a new product to market in the U.S., where jobs will be
created both at Novozymes and at companies who will make products that then become feasible because -
of rHA production.

For all of the above reasons, the. University of Oklahoma submits and hereby requests, jointly with
Novozymes and Hyalose, LLC, modification of the Waiver to allow rHA production by the University's
licensee and sublicensees in one or more foreign locations, and for the duration to be altered such that
the necessary capital requirements to build a facility in a foreign country can be justified.

Please let us know if you require any other information in support of the request, or if you would like fo
discuss this matter. '

Thanryo for your attention to this matter. We look forward to hearing from you.
i H .

Colin M. FitzSimons |
Associate Vice President
Office of Technology Development
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ATTACHMENT 1

iEdison Reporting Entry/Tracking

"97HSC020  Federal funding was not indicated in Disclosure document 1524003-01-0018
All patents include the Federal funding statement referencing NIH GM035978

35541003
35541.004
35541.069
35541.099
35541.105
35541.112
35541.117
35541,108
35541.110
35541.064
35541.100
35541.104
35541.109
133541.114
35541.102
35541.005
35541.006
35541.007
35541.073
35541.002
35541.011
35541.063
35541.103

O8HSC027 - Federal funding was not indicated in Disclosure document 1524003-02-6010
All patents include the Federal funding statement referencing NSF 9876193
35541.025 (35541.026wo PCT)

35541.081
35541.101
35542.116
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98HSC027-1 No Disclosure document 1524003-01-0013
All patents include the Federal funding statement referencing NIH GM035978
35541.048 (35541.078wo PCT)

35541.098
35541.111
35541.115
35541.119
35541.049
35541.102
35541.010 (35541.009wo PCT)
35541.011
35541.063
35541.103

02HSC045 = Disclosure document indicates NIH GM035978 funding  1524003-01-0014
All patents include the Federal funding statement referencing NIH GM035978
35541.062 '
35541.082 (35541.084wo PCT)
35541.107
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October 27, 2008

Division of Extramural Inventions & Technology Resources (DEITR}), OPERA, OER
National Institutes of Health (NIH}

Aitn: U.S. Manufacturing Waiver Request

6705 Rockledge Drive, Suite 310, MSC 7980

Bethesda, MD 20892-7980

{301) 435-1986

Edison@nih.gov

RE: U.S. Manufacturing Waiver Request for Invention Report Number: 1524003-01-0013

L Introduction

The University of Oklahoma, with funding from the NIH, developed technology for the recombinant
production of hyaluronic acid (“rHA”), and subsequently licensed the technology to Hyalose, LLC, a
company based in Texas, in 2000. In June 2001, Hyalose, LLC entered into an exclusive option and
license agreerment with Novozymes A/S (“Novozymes”) for the rHA technology. :

Navozymes, Hyalose, LLC, and The University of Oklahoma subsequently conducted a joint research
project, with funding from Novozymes, aimed at demonstrating the potential for commercial production
using the technology. Due in part to the success in meeting early project milestones, Novozymes
exercised its option for an exclusive license to the rHA technology in May 2002.

Subsaquent feasibility analyses to assess commercialization options for tHA, however, have revealed
and led to the conclusion that it is not financially feasible to manufacture rHA in the United States (*U.S.")
due to prohibitive costs and lack of consistent production capacity resulting from inadequate eguipment.
For the reasons provided in this letter, the University of Oklahoma submits, and jointly with Novozymes
and Hyalose hereby requests a waiver of the substantially manufactured clause.

iL Significance of rHA

HA is a key ingredient in a large number of medical and cosmetic applications and products. Technical
cosmetic applications include high-and care topical moisturizers, high-end suntan lotions, an ingredient in
nutraceuticais, and an injectable wrinkle remover and lip augmenter. Some key medical applications of '
HA include intra-arficular injections for osteoarthritis, prevention of post-operative adhesions, intra-ocular
.surgeries and dermal fillers for cosmetic surgery and urinary incontinence. U.S. companies hold a market
leading position in these market segments based on their innovative HA-based products. Examples are

listed below:.

US-based Companies Application Leading Brand

Genzyme Intra-articular injections for -Synvisc
treatment of osteoarthritis

Genzyme Prevention of post-operative Sepra
adhesions

Alcon / Abbott Intra-ocular surgeries Viscoat / Healon

Allergan Dermal fillers for cosmetic Juvederm / Hylaform / Captique-
surgery

Because of its multiple and frequently used applications, HA is one of the most used biomaterials for
" medical devices in the U.S., and as depicted in the table below, these procedures touch millions of U.S.
patients each year, and generate significant income for U.8. based companies:
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| Indicaticon area U.S. procedures 2008 1U.S. sales 2008 {in millions)

Intra-articular injections for 3,960,000 | 535
osteoarthritis ' .

Prevention of post-operative 990,000 ' 154
adhesions : :

tntra-ocular surgeries 4 370,000 218
Dermal fillers for cosmetic 4,824,000 399
surgery _ .

Total 11,244,000 1,308

“Source: Market research reporis.

Benefits of recombinant HA fechnology

The rHA technology has the potential to deliver a number of important benefits to U.S. patients using HA-
based preducts, as well as U.S. companies sourcing HA for medical applications. Indeed, the technology
recently received the golden innovation award during the 2008 Congress on Pharmaceutical Ingredients
and intermediates (CPHI) in recognition of its potential to improve HA sourcing, and also has been

~ referenced in several journals as an important milestone in the develepment of a high quality HA

production system for medical applications.”

- Prior to the discovery of the rHA manufacturing technology, there were only two production methods for
HA. ‘both of which come with inherent problems that can potentially result in significant quality and safety
related issues for patients using HA products, and for companies sourcing HA. This recombinant
production technology for HA addresses many of the problems inherent in existing production methods
and sets a new benchmark for the manufacture of an important medical ingredient that has been used in

the U.S. medical industry for several decades.

The first generation of HA praduction technology, which is slowly being phased out, is based on
extraction of HA from the combs of specially bred roosters. The rooster combs have a high concentration
&f HA, which has traditionally been extracted in a process involving use of chioroform and multiple

organic soivents.

The resulting material has been very expensive to manufacture and given the animal-derived source, '
. there is a potential risk for viral contamination and the presence of avian contaminants that may elicit an

. immunogenic response”. Several of the marketed products based on avian sourcing thus carry a warning
label regarding avian allergies. Examples of major products stilf using avian sourced material in the U.8.

" are listed below:

.| U.S.-based Companies Indication area ‘ Leading Brand
Genzyme | Intra-articutar injections for Synvisc
_ treatment of osteoarthritis
Alcon / Abbott : . Intra-ccular surgeries Viscoat / Healon
Allergan Dermal fillers for cosmetic Hylaform
surgery

A second generation technology for HA production was developed 1o deal with the issue of avian based
production. This technology used the pathogenic bacteria Streptococcus equisimilis and Zooepidermicus.
Both of these bacteria have a capsule of HA surrounding them, which they use to evade the immune
system of both humans and animals during infection”".

The use of Streptococcus has largely removed the concern regarding an animal extracted source, but has
left other issues of concern. In particular, the pathogenic nature of these organisms presents a risk in
terms of the potential presence of hemolytic toxins and antigenic proteins. However, manufacture of HA
with these strains often requires the use of complex media that contain animal derived components, and

close control of the molecular weight of the produced HA polymer is not easily achieved.”
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.- The rHA technelogy is a new source for HA preduction designed 1o address the needs for increased

purity of HA, as well as an interest in tighter process conirol that can yield more defined HA polymers in
terms of molecular weight”. In particular, a recombinant HA process resuits in: B

L]

Higher purity HA. The recombinant process is documented to be completely non-animal-and thus
free of any concerns associated with viral contaminants from animal sourcing. The strain (Bacillus
subtilis) is non-pathogenic and does not produce any endotoxins or exotoxins, and is used for
production of several GRAS (Generally Regarded As Safe) preducts afready approved by the FDA.
Furthermore, the purification process employed does not use any organic solvents and is capable of
delivering a significantly purer HA product when compared to compefing sources of HA. This should
translate into purer HA products that will result in fewer potential adverse events for patients, and a
greater confidence by U.S. companies in applying HA for applications that require a high degree of
control with respect to product purity. Today, there is a strong focus among U.S. companies and the
FDA on the presence of endotoxins and antigenic proteins present in some HA sources. In fact,
some biomedical companies are pushing, along with the FDA, for tighter cantrols on these
contaminants, which Novozymes believes will be substantially accomplished with the new rHA
technology.” The rHA technology makes higher purity HA.

Increased consistency. Another major issue is that the first and second generation production
systems for HA do not yield a reproducible product in terms of the molecular-weight of the polymer. .
This has significant implications for companies working with HA, particularly with large volumes of
HA as it makes it exceedingly difficult to contral both the functionality of the final product that is

. related to the molecular properties and the processing of HA into its final form for medical

applications. Many of the U.S. companies Novozymes has spoken with have expressed a very
strong need for improved consistency in current sourcing and believe the technology for rHA
production can deliver this. Several customers have in fact already signed either letters of intent or
supply agreements for the purchase of rHA. The rHA technology makes a better product.

Abllity to target molectlar weight. A final consideration is the ability for recombinant technology to
deliver a more targeted and defined molecular weight for applications where HA plays a biological
role in pharmaceutical applications. By using a well controlled production system, Novozymes has
demonstrated the ability to target a specific molecular weight within a very narrow band. Until now
this was not possible with the first and second generation production technologies at a large scale.
Several companies have expressed a strong interest in this capability. Ameng the most exciting _
opportunities are applications for HA within the oncology field, where several studies have shown that-
very specific molecular weights of HA may have the potential to significantly increase the effect of
oncology products and reduce the off-target effects through active targeting of tumor sites. Itis
believed this occurs in part through the binding of HA to the receptor CD44, thereby resuiting in _
improved therapy opfions for cancer patients at a much reduced cost versus current targeted biologic

therapeutics. The rHA technology makes better medicines.

Beyond the significant technological and health benefits to the U.S. from an improved source for HA,

there are several other benefits that can be expected to directly result from a larger scale

commercialization of this technology for cosmetic and medical applications:

License fees. The University of Okizhoma and Hyalose will both receive license income resulting
from the sale of rHA products on a global basis. However, sales of HA in the U.S. market is the key
driver for value in this case, and without sales in the U.S. market there would be no rationale for
commercializing rHA in any other markets. Thus, the current focus is developing a commercial
platform for production that can address the needs of the UJ.8. market, _

increased availability and distribution of the technology. A waiver will allow full-scale _
commercial production and increase the availability and distribution of the technology in cosmetic and
health products to a greater population through major U.S. companies. Novozymes currently has a
significant customer base willing and able to purchase and incarporate technical grade rHA for
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cosmetic abnlications available to U.S. citizens including, (b)(4)
Further, a waiver will allow for increased avatlability of higher quaiity HA Tor

medical apphicatons Tor the general public, including: visco-elastic devices for joint treatment, dermal
fillers, adhesion prevention, ocular visco-elastic devices, dermatology, topical eye care, injectable
drug delivery, cell therapy, cystitis, and haemostasis.

e Tax revenue. The commercialization of the rHA and sales in the U.S. will result in tax revenues for
the Government. :

o Job creation. The commercialization of rHA has the potential to create new jobs inthe U.S. 1o
facilitate the sale and distribution of the new product. For example, Novozymes alone has
established a US commercial crganization based in Boston (Novozymes Biopharma US), which
currently hagp)4jales and sales support staff empioyed who are involved in the sale of rHA. As the
business for HA expands, this group is expected to be further expanded to handle sales and sales
support for rHA, resulting in further job creation opportunities over the next 5-10 years.

. Possible U.$. Manufacturing Facilities Currently Do Not Exist

- Unfortunately, as explained below, the benefits of the rHA technolog'y will not be realized if the rHA is
~ required to be manufactured in the U.S. Current HA manufacturing facilities are not set up for rHA

production and do nat have the necessary capacity and equipment.

A. Manufacturing Requirements

The manufacturing process for recombinant Bacillus-derived HA differs significantly from HA produced .
from the first and second generation processes where the recovery/purification processes are based on
precipitation In organic solvents (e.g., ethancl). The manufacturing process for recombinant Bacilius-
derived HA draws on a mix of processes for biological pharmaceutical ingredients (AP!'s), such as
oroteins and peptides, and biological polymers. Recombinant Bacillus HA manufacturing is based on
standard fermentation conditions, which can be controlled in standard fermentation equipment for
biological API's (proteins/peptides). Recovery/purification, however, is different from most biological
APPs. Although the equipment used is not uncommon, the recovery/purification process consumes a
disproportionately large amount of filtration capacity and water compared to current biclogical API
processes. The requirements for the bulk product formulation are also extraordinary compared to other
biological API's as the Baciflus pracess involves spray drying, a process not commonly used for biological
pharmaceutical ingredients. Moreover, the overall process (fermentation - recovery/purification 2 spray
drying) has to be done as one continuous process because the liquid concentrate is not microbially stable

- during longer storage time. This means that all steps have to take place within the same plant. Finally,
because of the medical applications for HA, it is necessary to manufacture HA in.a facility with
pharmaceutical quality controls (Q7 cGMP), which makes it very difficult to retrofit any non-
pharmaceutical facility that would otherwise have been useful.

B. Lack of Capacity at Existing U.S. Facilitles

Given the special needs for manufacturing of recombinant Bacitius-based HA, especially regarding spray
~ drying, it has not been possible to identify existing production capabilities or capacity in the U.S.

After licensing the rHA technology from the University of Oklahoma, Hyalose LLC hired a consultant to
perform market research to identify potential sublicensees for the technology. Hyalose LLC was able to
" identify eleven companies, many of which were foreign companies, with potential manufacturing
_capabilities. Hyalose LLC reached out to these companies, but was unable to identify any that had, or
~ were willing to develop, full-scale producticn capabilities for the new technology. Further, existing U.S.
facilities that were screened lacked the right equipment, setup and quality controls, and would thus
require substantial retrofitting in order to be useful for rHA production. indeed, there are no commercially
relevant production facilities for cosmetic grade HA producers in the U.S. teday.
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. Assessment of Potential U.S. Manufacturing Options Reveals Domestic Manufacture of
HA is not Commercially Feasible :

Novozymes, whlch was not of the eleven companies orlgmally identified by Hyalose LLC {likely due to the
fact that Novozymes was not in the HA production business at the time), reached out to Hyalose LLC
regarding a potential sublicense for the rHA. Some time thereafter, Hyalose LLC and Novozymes
entered into a sublicense for the rHA technology and Novozymes initiated a major strategic review of
manufacturing options for long term production of rHA. As set forth in greater detail below, in order to be
able to deliver rHA to the U.S. and other markets, production of rHA will have fo be piaced outside of the
U.S. in a lower cost region that allows for lower capital expenditure and lower running capital cost.

Because current U.S. facilities lack the capacity for rHA manufacturing, domestic manufacturing would
require either (1) significant redesign and retrofitting of existing facilities at substantial cost, or (2)
construction of an entirely new production facility dedicated for this product. Moregver, the operation
costs alone of a U.S. facility, whether it be in a retrofitted or new facility, are commercially prohlbltwe and
* would ultimately increase the cost of rHA — potentially a very important medical ingredient.

A Current Facilities Lack Ability to Manufacture rHA

Novozymes began producing rHA for technical applications at its enzyme production facilities in
Denmark. Novozymes chose its Denmark facilities for production because they replicated the current
production systems available in the U.S., and had food grade GMP equipment that could be adapted
reasonably for large scale testing of the new HA production system. Novozymes' U.S. facility also was
considered as a possible location for production, and while this facility has some of the equipment
needed, it is designed only for production of technical enzyme products within feed, food and technical
applications and c_annot meet the general equipment and quality requirements for production of rHA.

In addition, Novozymes began testing for different HA appllcaﬁons, including cosmetics and eye care:
The testing revealed that full scale production of rHA using the existing equipment at the current U.S.
facilities (including Novozymes’ Franklinton, North Carolina facllity) would not be commercially feasible
due to prohibitive costs and iack of suitable production capacity resulting from improper and inadequate
aninment Indead fa date nrnduction tasting for HA af Neavozvmes’ Danish facilities has shown a :

(b)(4)

[he conclusions of Novozymes' production testing are supporied Dy the 1act that there
are no commercially relevant production facilities for cosmetic grade HA within the U.S.

B. Construction of New U.S. Manufacturing Facility Not Fea_sible

Building and operating a new U.S. facility is not commercially feasible based on cost estimates for U.S.
. pharmaceutical cGMP facilities and the costs associated with U.S. manufacturing operations when
compared against the projected average sales price for HA. The cost of a new facility, even if at
Novozymes' current site, where infrastructure, waste water treatment and basic utilities are in place, is -
estimated to be at leas (b)(4) The high investment cost, especially impacts return on investment
in the first 3-4 years after faunch, where volumes are low and the cost of goods sold {("COGS") exceed the
average sales prices substantially. Although average sales price is predicted to climb above COGS long
term, this return comes too late to cover the cost of the facifity and furthermore is associated with a
significant downside risk if average prices in the market drop further (a likely scenario as the patents
covering rHA technology begin to run out in 2014 and forward). Regardless, even without the costs
assaciated with construction of a new facility in the U.S., the operation costs alone make domestic
manufacture of HA not commercially feasible, .
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Costs associated with production in U.S.

The total cost associated with production of HA can be divided into variable costs (e.g., raw materials and
utilities like electricity and steam consumption), fixed costs (e.g., labor), depreciation of investments and
other costs including sales, marketing and R&D support.

Variable costs

The raw material costs are assumed {o be the same no matter where in the world the production is
planned. This is because of the need for high quality/compendial grade raw materials. The variable
costs are estimated on average to be approximately g HA.

Fixed costs

A major part of the fixed costs are labor costs. An organization and labor analysis was done for
operations at a new facility on an existing site (area services such as security and area maintenance not
included). The conclusion of the analysis indicates an organizational requirement of,  full time
employees in different positions to run a new HA facility with the requirements for quality, capacity and
processes (see Table 1 below). Based on the average employee cost at Novozymes biotech enzyme
production plant in Franktinton, North Carolina (see Table 2), labor costs alone for a domestic facility are
estimated to be $8.09 million per year.

Table 1: Labor for new HA facility.
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Table 2 Total average employer costs, Novozymes site in Franklinton, NC, 2009.
The average costs include salary/wages, Social Security, Medicare, Unemployment, Cccupational Injury,
Pension, Medical, Life & Accident Insurance and bonus.. ) .
Source: P&O, Novozymes, Franklinton, NC.
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Cost of Goods sold (COGS) and sales prices

. The resulting total costs of goods sold, including variable and fixed production costs, depreciation and
other costs such-as sales, marketing and R&D are in the range of (b)(4) <g HA, depending
on volume (see figure 1 below). ' '

(b)(4)

Figure 1. HA sales prices and costs of goods sold per kg assuming production in a-new facility in U.S. on
an existing site.

Given that average sales prices are expected to be in the range (b)(4) er kg HA (see figure 1
below) it has not been possible to develop a viable business case for establishing U.S.-based _
manufacturing. This conclusion also is reflected in the discounted cash flow models that Novozymes has
used as a basis for a decision on manufacturing options. In this case, Novozymes' model yields a
substantial negative return on investment and would lead Novozymes to stop aII efforts in
.commercialization of the rHA technology.

The key issue here is the high investment cost, which especiaily impacts return on investment
I — (b)4)
Vvhile the average sales price 1s predicted to climb above CUGS Tong term, this return
comes 100 late to cover the cost of the facility and is furthermore associated with a significant downside
-risk if average prices in the market drop further (a likely potential scenario as the patents covermg rHA
techno!ogy begin to run out in 2014 and forward). .

V.  Non-Domestic Manufacturing Would Allow Commercialization -

‘In contrast, Novozymes has determined that manufacturing HA in a foreign location, such as China,
would allow for financially viable commercial production due to lower capital and labor costs. For
—example, Novozymes has run a simiilar cost analysis exercise on facility construction-in China, using the
same raw material costs and the same expenditure for sales, marketing, R&D. The same requirements
regardmg quality, capacity, process and equipment were applied in the hypothetical, thus allowing a direct
comparison between domestic and foreign facility investment costs and labor costs ‘As set forth below,

non- dnmnr:hr‘ m:anuf:ar-hlrmg mnkn: ﬁnmmerm:l nroduction nnqs;hln

oS AT
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Manufacturing in a new China facility on Novozymes’ existing site

As with the cost estimates for domestic manufacturing, the foreign manufacturing cost estimates assume

- construction of a new facility at an existing Novozymes’ site. Novozymes has non-occupied land in
Tianjin, China with existing infrastructure, waste water treatment and basic utilities in place. Investment in
- a new facility on the existing site in Tianjin is estimated to be approximately

the cost for a U.S. facility. Reference: NNE-Pharmaplan basic design cost estimates for China HA

pharmaceutical cGMP facility.
Fixed costs

The organization set-up and labor numbers in China are assumed to be the same as in US estimate,
however, there is a significant difference in average labor costs. Based on the average salaries for
Novozymes' Tianjin site (see Table 3 below), the total labor costs for China have been calculated to

(b)(4)

(b)(4)

‘Table 3: Total average empioyer costs, Novozymes site in TEDA, Tianjin, China 2008.
The average-costs include salary/wages, government mandatory benefits (pension, medical insurance,
- unemployment insurance, occéupational injury insurance, maternity leave and housing}, bonus and
* Novozymes supplementary benefits.
Source: P&0, Novozymes, Tianjin, China.

Cost of Goods sold (COGS) and sales prices

The resulting total costs of goods sold, including variable and fixed production costs, depreciation and
other costs including sales, marketing and R&D are in the range (b)(4) g HA depending on

- volume (see figure 2). Based on expected sales prices, the overall business case for China is positive
and with a reasonable margin for downside risks such as delays and price erosion. Moreaver, obtaining
reduced production costs will prevent significant product price increases for the consumer.
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(b)(4)

‘Figure 2. HA sales prices and costs of goodsr,r sold (COGS)'per kg assuming production in a new facility in
China on an existing Novozymes site.

V1. Summary

- Substantially manufacturing rHA in the U.S. is not commercially feasible based on economics and
logistics. The cost and economic analyses indicate that domestic rHA production cannot be profitable at
the present time. Further, no existing U.S. facility currently is capable of manufacturing rHA. However, a
domestic manufacturing waiver would allow Novozymes to proceed with full-scale production of rHA and
bring an exciting and valuable product to U.S. consumers, including patients, at a lower cost. More
importantly, the technology developed by The University of Oklahoma, in cooperation with Novozymes -
and Hyalose, has the potential to deliver a number of important benefits to both U.S. patients using HA-
pased products, as well as U.S. companies sourcing HA for medical and fechnical applications.

Therefore, the University of Oklahoma submits, and jointly wifh Nevozymes and Hy'alose hereby requests
a waiver of the substantially manufactured clause. _ '

ou for ydurfattention to this matter. We look forward fo hearing from you.

Coli’ M. FitzSimon's -

Associate Vice President for Technology Development
Executive Director, Intellectual Property Management Office
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g’ C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
) ’ .

, ' National Institutes of Health
: Bethesda, Maryland 20892

www.nih.gov

April 22,2010

Mr. Colin M, FitzSimons

Associate Vice President for Technology Development
Executive Director, Intellectual Property Management Office
University of Oklahoma Health Science Center

Three Partners Place, Suite 100

201 David L. Boren Boulevard

Norman, OK 73619

Re: U.S. Patent Application No. 10/172,527

EIR #:1524003-01-0013 (Streptococcus Equisimilis Hyaluronan Synthase Gene and Expression Thereof in Bacillus Subtilis)

Patent Docket No.: 35541.048
P Title: HYALURONAN SYNTHASE GENES AND EXPRESSION THEREOF IN BAC[LLUS HOSTS

Inventor Names: Paul DeAngelis, Kshama Kumari and Paul Weigel,

Dear Mr. FitzSimons:

This letter is in response to the request for Waiver of the Preference for United States Industry (Manufacturing Waiver)
submitted on behalf of the University of Oklahoma Health Sciences Center on the above-referenced invention derived
or reduced to practice through an NIH funding agreement.

The waiver request has been approved as detailed in this letter. This Office concurs with the decisions of other offices
involved in the approval process as listed below. This fact notwithstanding, should any of the particulars of the
relevant exclusive licensing agreement change that could have potential impact on .S, Manufacturing, you are

required to inform this affice of the changed circumstances.

Recommendation/Analysis

The technology described in this case is an improved method of generating hyaluronic acid, a critical protein used ina
wide range of medical procedures and beauty products. The inventors discovered a means for engineering a harmless
bacterium, Bactllus subtilis, to express the protein, rather than the pathogenic Streptococcus equisimilis, which is how

the protein is cutrently made.

Jufﬁl. I-l-i-ua,l.cly, W"J_Ll}e g{}'\fﬁua .u Ddbux:;i:ﬁ:;m\uu—ﬁou ta z.ks
a stable dry form is not: No facility in the United States suited for B. subtilis appears able to do the extraction, and
retrofitting a plant while meeting cGMP requirements would be cost-prolubitive {building a new plant would be even
worse). Novozymes can cost-effectively adapt a food-grade facility in Denmark to manufacture the products and meet

c¢GMP requirements.

standard process, extracting th the hynhn-n*nm acid into



US Manufacturing Waiver Request by University of Oklahoma Health Science Center Page 2 of 2

This waiver is for the use of the licensee’s existing facilities only as discussed in the waiver request. At such time as
those facilities become inadequate or insufficient, the Grantee must either require the licensee to develop
manufacturing capacity inside the Umted States must request a further waiver of the Preference for United States

Industry.

As compliance and oversight of this invention with the terms and conditions of the funding award continues, our office
has noted your request in iEdison and you are also reminded that your institution must include this as part of its
Utilization and Commercialization data from your licensees for the required Utilization Reportmg via Interagency
Edison at http://iEdison.gov. Any additional information related to this technology that may give rise to the possibility
of U.S. Manufacturing should be prompily communicated to us. In addition, this waiver is valid for a three-year

period from the date of this letter.

Also, please note that all other obligations of the Funding Agreement that gave rise to this Subject Invention remain in
force. This includes, but is not limited to, compliance with the Sharing of Unique Research Resources, Public Access

Policy, and Data Sharing Policy, under the terms of the funding agreement(s) you have received.

Please feel free to contact our office should you have any additional questions regarding this issue.

Sincerely,

hn Salzman
Assistant Extramural Inventions Policy Officer
Division of Extramural Inventions and Technology Resources
Office of Policy For Extramural Research Administration, OER, OD

Please direct all correspondence to:
6705 Rockledge Drive Phone: (301) 435-1986
Suite 310, MSC 7980 Fax: (301) 480-0272
*. Bethesda, MD 20892-7980 -g~-mail: waiver@nih.gov



QIS 020
University of Oklahoma Health Sciences Center

INVENTION DISCLOSURE

Please be as accurate and thorough as possible in supplying the information requested. For all

requested dates, list month, day and year. When completed, the form should be delivered to the
Office of Research Administration, LIB-121.

1. Title of Invention: "Group C hyaluronan synthase gene and uses thereof"

Full Name of Inventor: Paul H. Weigel, Ph.D. . _
Residence Address: 817 Hollowdale, Edmond, OK 73003 Citizen of: U. 8. -

Kshama Kumari, Ph.D. legal resident
Paul L. DeAngelis, Ph.D. US citizen

If more space is needed to list inventors, please add additional sheets giving the above information.

2. Invention disclosed or described in Lab Notebook(s):
(b)(4)
3. a The invention was first conceived ar thonoht af in a wnrkahla farm an e abass
(b)(4)

b. The invention was first disclosed to others on:
No disclosure to others before this present document.

c. The person(s) to whom the invention was first disclosed are:

(b)(4)




d. The first written description of the invention is in the form of
date and is now located

Initial draft in progress of this document started on 3-26-97.

c. The first sketch or drawing of the invention was made on:
Not applicable

f. The first construction of the invention was begun on N/A and ﬁ.nished

on

In a project of this nature, it is difficult to give a meaningful answer to this question.
August 24, 1996 was the first time a Group C DNA fragment was isolated, sequenced and
concluded to be from the sought-after sas gene. Numerous other leads and initially positive
results did not enable isolation of the authentic gene.

g. The invention was first successfully tested on and the test
results are now located :

(b)(4)

. 1he mvention was first commercially used or sold on (date) N/A

i. If a disclosure of the subject matter of the invention has been made in any publication,
including a grant application, manuscript, abstract, catalog, report, advertising material or brochure,
or if such disclosure is anticipated, identify and provide copies: No disclosure has been made to

date,

(b)(4)

J- H there were any collaborators in this invention not listed as inventors, list their names and
affiliation: None. B

4, If there has been any non-confidential experimental use of the invention, explain giving
dates and circumstances: N/A




To your knawsdges 05 A</ P et patenlss

a. Was any time charged to a Government Contract in conceiving this invention? Ne. 57 75/

yH
b. Was any time or material charged to a Government Contract in reducing the mventlon to
practice when it was first successfully built and operated? Ne.

¢. At or about the time of conception or first actual reduction to practice, were you, any co-
inventor, or anyone who assisted in such reduction to practice charging any time to a Government
contract which called for experimental, develop-mental or research work on the problem solved by

the invention? No.

d. At or about the time of conception or first actual reduction to practice, were you, or any
co-inventors, supervising or advising anyone who was working under a Government contract which
called for experimental, developmental or rescarch work on the problem solved by the invention?

Ne.

e. Is the invention embodied in any material or product finished or to be furnished under a
Government contract? No.

6. Brief abstract of the invention: (read 7, before writing here):

7. Prepare and attach to this cover sheet a complete written disclosure of your invention
including any sketches, diagrams, drawings, prints, etc. which will aid in understanding this
invention. The outline below should be followed in writing the disclosure.

a. DBrief discussion of problem solved by invention:

. b. Presentation and discussion of known prior art, including manner in which others have
-attempted to solve the problem. Point out disadvantages and weaknesses in prior art. Include
literature references and copies where available.

c. Description of invention, including a specific embodiment. Point out important features
_and points believed to be novel. State advantages of invention and sacrifices, if any, made to
achieve these advantages. Described any experiments conducted and the results of those

experiments.

d. TIs the concept of the invention applicable to other problems and fields of interest? If so,
what are they and how would the principles of the invention be used?

e. What commercial products(s) might result from this invention? Who would purchase the

product(s)? What is the potential annual market value of the product(s) {please justify your market
estimate as best you can)?

TN



8. The invention described by the attached patent disclosure is submitted pursuant to my
Employment Agreement with the University of Oklahoma Health Sciences Center:

Inventor(s) @«// W 4 / Date S - 3/ ""97
Paul H. Weigel, Ph. !é

KS’)L\QM& \/\u/\/wwj Date _ 3 - 31- 97 -

Kshama Kumari, Ph.DD,

W %M V Date 3/ / //W

Paul L. DeAneelié. Ph.D

Contact person for more data: Paul H. Weigel, Ph.D. Telephone # _ one # Person (Home)

271-1288 (Work)

Mailing Address: Personal Info

Date Received: 5//5//7 7 Docket #: & ,7/51 g\ ¢ 29

FNN: Yes b

OUHSC 01/95



Weigel, Kumari and DeAngelis
6. ABSTRACT
"Group C hyaluronan synthase gene and uses thereof™

a) The invention enables at least four possible uses of the Streptococcus equisimilis nucleic acid
segment encoding the gene product hyaluronan (HA) synthase, an enzyme that synthesizes HA.

(1) The gene can be used to construct bacterial strains that will produce and secrete HA for
commercial production of HA. Overproducing strains or strains that make HA in a desired size
range could have commercial advantages over existing strains.

(ii) The expressed recombinant protein, the seHAS, can be modified by genetic engineering to
enable production of short HA (applicable for possible use as an angiogenesis agent) either by
bacteria or by the recombinant enzyme in vitro.

(iii) Specifically engineered seHAS can be used to create novel carbohydrate polymers related
to HA by incorporation of sugars other than the two natural precursors.

(iv) nucleic acid segments can be used to make PCR primers or probes to identify the presence
of such sequences in various samples. '

b) HA is produced worldwide by over a dozen companies either by extraction from rooster combs
or by bacterial fermentation. HA is used in eye surgery, wound healing products, cosmetics, and
dental adhesives. Products in development include intra-articular injections for arthritis patients
and derivatives of HA as wound healing dressings, bio-compatible materials or as drug delivery
vehicles.

The enclosed related patent application describes the prior art, That patent apparently will
not cover several possible applications using the present seHAS. In addition, use of the
recombinant enzyme in vitro and the use of specifically altered forms of the enzyme are not
covered by the claims that were finally allowed in February 1997.

¢) The attached data indicate the nucleic acid sequence and predicted protein sequence of the
seHAS, as well as evidence for the synthesis of HA by isolated membranes.

d) Other possibilities remain open.

€) Medical uses for HA continue to grow. Annual HA sales are probably on the order of $100
million range world-wide, but this HA is then used in a variety of formulations and sold as other
products. One potential market, not explored by current producers is the synthesis and use of
smaller HA fragments, which appear to be angiogenic. Most present applications, such as for
ophthalmologic use, require very high molecular HA. We would like to seek coverage on both
size formulations of HA using specifically modified enzyme.
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CGG AAC ATT CAT TAC
-2-

AGA

Arg

GGC

Gly

cca

Pro

AAC

Asn

AAC

Asn

ACH

Thr

ARG

Lys

TTT

Phe

ATG

585
ACC

Thr

Caa

Gln

639
GAA

Glu

GTT

Val

693
CIT AGC

Leu Ser

747
ACC

Thr

CAG

Gln

801
GCA

Ala

TAT

Tyr

855
GTT

val

GAT

Asp

909
TTC

Phe

TCC

Ser

963
Gcc

GTA

Val Ala

1017
GTG GTC

AAT

Asny

cGA

Arg

GTT

Val

TTC

Phe

ACT

Thr

CCT

Pro

TTT

Phe

CTA

Leu

GAT

Asp

CTG

Leu

-CTC

594

Leu Leu

648
GCC

Ala

GCT

Ala

702
TAC AGA

Tyxr Axg
756
GGT

Gly

CTG

Leu

810
GAT T'TA

Asp Leu

864
ARG

GAC

Agp Lys

918
GAG

Glu

AGA

Arg

972
ACC

Thr

TGG

Trp

1026
TTC TTT

Phe Phe

1080
GTG ATT

Val Ile

1134
CCG CTe

TTA -




Tle Phe Ile val ala Leu Cys Arg Asn Ile His Tyr Met Ley Lys His Pro Leu

1143 1153 1161 1170 1179 1188
TCC ITTC TTG TTA TCT CCG TTT TAT GGG QTG CTG CAT TTG TTT @QTC CTA CaAG CCC

Ser Phe Leu Leu Ser Pro Phe Tyr Gly val lLeu His Leu Phe Val Leu Gln Pro

1197 1206 1215 1224 12332 1242
TTG AAA TTA TAT TCT CTT TTT ACT ATT AGA AAT GCT GAC TGC GGA ACA CGT Aan

Leu Lys Leu Tyr Ser Leu Phe Thr Ile Arg Asn Ala Asp Trp Gly Thr Arg Lys

1251
AAA TTA TTA TAA 3°'

Lys Leu Leu ##*




File:
Range:

SEHAS . AMT

1

Molecular Weight:
Amino Acid Count

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
Hisg
Ile
Leu
Lys
Met
Phe.
Pro
Ser
Thr
Trp
Tyx
Val
Asx
Glx
* % K
Xxx
Total

N*NUJ<§F<EHC0*UW3NEHmOMIOOUZFUCU

25
23
21
24

4
13
15
15

6
28
49
22

8
26
13
28
25

6
22
40

418

47774 .88

Mol% 0

10 20 30

40

50

60

70

80

90 100

>.98
5.50
5.02
5.74
0.95
3.11
3.58
4.54
1.43
6.69
11.72
5.26
1.91
6.22
3.11
6€.69
5.98
1.43
5.26
9.56
0.00
0.00
0.23
0.00

99.91




File : SEHAS .bw.\_H

Range - 418
Charge ) \
70.00, Amino AcilumberpKa
. <Pogitives
60.00Q] mﬁmmmv m%m.w
50.00 Hig 6.
40.00, S\mmﬁw 2210.5
o <Negatives
730.04 WmﬁMUW 243.9
20.0Q . s{C 48.3
,“_.o@ 0Q. Qc.ﬁmw 154.3
0 o0 Tyr (Y 2210.1
-10.00Q N_terminal Met(M)s.3
-wmmm C_terminal #x%(*)g. g
-40.00 . .
-50.00 Isoelectric point (pI%.01
-60.00Q
=70.04
|_. 1 T T 1 T ¢ 1 F T i _Jwﬁmvm
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Fileil: SPHAS.SEQ
Mode: Normal 1 - 1260
File2: SEHAS.SEQ

Mode: Normal 1 - 1254
Matching Percentage {Total Window: 70%, Alignment Window: 70%)
-1 ..GTGC~CTATTTTTAAAAAAACTT—TAATTGTTTTATCCTTTA-T—TTT a8
A LEELIE HE 1 HIL T 11 [ 111 -
ATGAGAAC-ATT--—AAAAAACcTCATAACTGTTGTGGCCTTTAGTAT%T 50
49 TTTGA~TATCTATCTTGATTTATC—TAAATATGTATCTATTTGG—~-—AA - 98
DT 1 1) NI IR [ 11 '
51 TTTGGGTA—CTGT—T—GATTTA—CGTCiATGTTTATCTCT%TGGTGCTAA 100
99 CATCAA-CTGTAGG—AATTTATGGAGTAATAT——TAATAACCTATCTAGT 148
I U LIV L] TR
101 —AGGAAGCT—T—GTCAATTTATGGCTTT—T—TGCTGATAGCTTACCTA—T 150
149 TA-TCAAACTTGGA—TTATC—TTTCCTTTATGAGCCATTTAAAGGAAATC 198
O ) HIT 1) [T T HH
151 TAGTCAAAAT—GTCCTTATCCTTTT-TTTACAAGCCATTTAAGGGAAGGG 200
-199 CACATGA~CTATA-AAG—TTGCTGC—~TGTAATTCCTTCTTATAATGAAG 248
I IR LELVTTETH ) 11
201 C———TGGGCAATATAAGGTTGCAGCCAT—TA—TTCCCTCTTATAACGAAG 250
249 ATGCCGAGTCATTATTAGAAACACTTAAAAGTGTGTT-AGCA—CAGACCT 298
y T T T HTE I o
251 ATGCTGAGTCATTGCTAGAGAC—CTTAAAAA-GTGTTCAGCAGCAAACCT 300
299 ATCCGTTATCAGAAATTTATATTGTTGATGATGGGAGTTCA—A——ACACA 348
AR LT T LT T ol
301 ATCCCCTAGCAGAAATTTATGTTGTTGACGATGGAAGTGCTGATGAGACA 350
349  GATGCAATACAATTAA- - .. _ TTGAAGAGTATGTAAATAGAGAAGTGGAT 398
[ [ (1] LITETNT T .y [T
351 G--G——-TA--—TTAAGCGCATTGAAGACTATGTGCGT—GAcic—TGG-T 400
399 -ATTTGTCGA--AACGTTATCGTTCACCGTTCCCTTGTCAAQTAAAGGAA 448
Ll U L1 I R T
401 GACCTATCAAGCAATGTCATTGTTCATCGGTCAGA—GAAAAATCAAGGAA 450
445: AACGCCATGCTCAAGCGTGGGCATTTGAAAGATcTGACGCTGACGTTTTT 498 —
T DT 1T LTI LTI ) [
451 AGCGTCATGCACAGGCCTGGGCCTTTGAAAGATCAGACGCTGATGTCTTT 500
499 TTAACCGTAGACTCAGATACTTATATCTATCCAAATGCCTTAGAAGAACT 548
T fl!ll!fllllllffllll! Ty 1
501 TTGACCGTTGACTCAGATACTTATATCTACCCTGATGCTTTAGAGGAGTT - 550
549 CCTAAAAAGCTTCAATGATG—AGACAGTTTATGCTGCAACAGGACAT—TT 598 -
HETE T H L1 T T oI 1
551 GTTAAAAACCTTTAATGACCCA-ACTGTTTTTGCTGCGACGGGTCACCTT 600

599 GAATGCT—AGAAACAGACAAACTAATCTATTAACGCGACTT~ACAGATAT 648

-1-




648

651

699

701

749

751

799

801

849

851

899

901

549

951

993

1001

1049

1051

1099

1101

1145

1151

13199

1201

1249

LT NN i

LETET T
~AATG—TGAGAAATAGACAAACCAATCTCTTAACACG—CTTGACAGATAT

CCGTTACGATAATGCCTTTGGGGTGGAGCGTGCTGCTCAATCA—TTAACA

IR SRR

TCGCTATGATAATGCTTTTGGCGTTGAACGAGCTGCCCAATCCGTTA—CA

GGTAATATT—TTAGTTTGCTCAGGACCA—TTGAGTATTTATC~GACGTGA

CLLLTLL 11 STy

GGTAATATCCTT-GTTTGCTCAGGTCCGCTT-AGCGTTTA—CAGACGCGA

AGTGATTATTCCTAACTTAGAGCGCTATAAA——AATCAAACATTCCTAGG

LT 1y NIRRT

GGTGGTTGTTCCTAACATAGATAG~—ATACATCAACCAGACCTTCCTGGG

AL LU T 1 NI

TATT-CCTGTAAGTATTGGTGATGA-CAGGTGCTTGACCAACTATGCAAC

TGATTTAGGAC—GCACTGTCTACCAATCAACAGCTAGATGTGAT—ACTGA

LI 1111 1 ECLL T L0 40 1141

TGATTTAGGAAAG-ACTGTTTATCAATCCACTGCTAAATGT—ATTACAGA

TGTACCTTTCCAATTAAAA-A~GT—TATTTA~——~AAGCAACAAAATCGA

S I LT LTI

TGT~—-T—-CC——TGACAAGATGTCTACTTACTTGAAGCAGCAAAACCGC

TGGAATAAATCTTTTTTTAGAGAATCTATTATTTCTGTTAAAAAAATTCT
[ |

LELLE T 0T 01 annmem

TGGAACAAGTCCTTCTTTAGAGAGTCCATTATTTCTGTTAAGAAAAT—CA

TT—_CTAATCCCATCGTTGCCTTATGGACTATT—TTCGAAGTCGT—TATG

L H 1y N T T

TGAAC—AATCCTTTTGTAGCCCTATGGACCATACTT-GAGGT—GTCTATG

TTTATGATG—TTGATTGTCGCAAT—TGG-GAATCT*TTTGTTTAATCAAG

NI T L gy

TTTATGATGCTTGTTTATT-C—-TGTGGTGGATTTCTTTGT——AGGCAA—

CTATTCAATTAGACCTT—ATTAAACT ----- TTTT—GCCTTT~T--T+AT'

I T T Y HE oy

wTGT-CAG——AGAATTTGATTGG—CTCAGGGTTTTAGCCTTTCTGGTGAT

CCATCATCTTTATCGTTGCTTTATGTCGTAATGTTCATTATATGGTCAAA

NN RIENTEENn EnnuEnEn

———T-ATCTTCATTGTTGCCCTGTGTCGGAACATTCATTACATGCTTAAG

CATCCTGCTAGTT—TT-TTGTTATCTCC~TCTGTATGGAATATTACACTT

I gy LT T 1y Rins

CACCC—GCT—GTCCTTCTTGTTATCTCCGTTT-TATGGGGTGCTGCATTT

GTTTGTCTTACAGCCCCTAAAACTT—TATTCT—TTATGCACCATTAAAAA
PELEEE IO 1 11y 1y LHEE 1 FETHT 1

2-

650
698
700
748
750
798
800
843
850
898
900
948
950
998
1000
1048
1050
1098

1100

"1148

1150
1198
1200
1248
1250

1298




1251 GTTTGTCCTACAGCCCTTGAAA TTATA‘I‘TC‘TCTTTTT ~ACTATTAGAAA

1300
1299 TACGGAATGGGGAACACGTAAAAAG CACTATTTTTAAATAA..;.f;! “ T;1348
ARNnnnnm l [ [ 1 '

1301 TGCTGACTGGéGiAéACGTAA;AAA—T-——iAT;——-A——TAA ....... 1350




Filey . SEHAS . amy
' - 418
Flleo. SPHAS .

AMT
1= 420
Matchlng Percenty

ge
o . MRTLKNLIIW

—STVGIYGVILIT
50

LV-KMSLSFFYKPFKGRAGQYKVAAIIPSYNEDAESLL
l [ S
—VIKLGLSFLYEPFKGNPHDYKVAAVIPSYNEDAE
10 LAEIYVVDDGSADETG-IKRIEDYV~
Runm /
10 Lsmryy

YL,
ETLKSVOQoTY D 93
HITH 1
51 SLLETLKSVLAGTyp 100
RDTGDLSSNVIVHRSEKNQGKRHA 149
S LI
YVNREV-DICRNVIVHRSLVNKGKRHA

VDDGSSN—TDAIQLIEE

i50 QAWAFERSDADVFLTVD
IIIIIIIIIIII!II!

150
151 Qapap

SDTYIYPDAL

Amnnn I
SDTYIYPNALEELLKSFNDETVYAATGHLNARN

199
200
200 RQTNLLTRLTDI

249
I gy

350
DRLRVL-APLyr 1y

I

351 “"~GNLI,-

............

............




"C-GlcA (dpm)

*H-GIcNAc (dpm)

Gel Filtration of Hyaluronan synthesized by seHAS
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Linearity of HA Synthesis by seHAS with Time
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Pages 179 through 1939 redacted for the following reasons:





