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Examiners -~ J. M. Giesser
T. G. Wiseman

Filed: November 30, 1984
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. IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE
Application of: ) "PRODUCTION OF
)
FU-KUEN LIN ) ERYTHROPOIETIN"
)
Serial No: 675,298 ) Group No., 127 ~
)
)
)

Applicant's Amendment and Reply
Under 35 U.S.C. §§1.111 and l“uiEC
EIVED

Hon. Commissioner of Patents

and Trademarks OCT 37985
Washington, D.C. 20231 GROUPIZO
Sir:

This is in response to the Office Action dated
July 3, 1986 in thé above-identified application wherein ain
provisionally elected claims (14, 15,.17-36, 58 and 61-72)
were variously rejected under one or more of the provisions
of 35 U.s.C. §§101, 112 (paragraphs 1 and 2), 102 and 103
and non-elected claims (1-13, 16, 37-57 and 59-60) were
withdrawn from consideration.

Reconsideration and allowance of all pending
claims is respectfully requested in view of the following

amendments and remarks.

IN THE SPECIFICATION

Please enter into the application the attached new
-———'—’-‘"—“_
Figures S through 8 which duplicate original Tables Vv, VI,

———— . -
-

XIV and XXI.

At page 25, line 5, please insert the following

sentences after the period. L
7
/ Qéégggiz:> —-—-Reference is made igures 1 through 8,
VZ; wherein: _ . 1 is a graphic representation of a
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A |
—
/. ucts of the
gh 4 illustrate vector

invention.~--

e
At page 37+ line 6, after the term “Table V",

please insert |--, duplic comprising portions
___A@fj SA, SC--.

i
At page 42, lines 25, after the term "Table VIV,

please insert [--, E 6 comprising portions

At page 73, line 33, after the designation "XIve,
please insert --, duplicated as FIGURE 7--.

At page 73: line 28, after the designation "XXxI",

please insertJ--(the - : Table being duplicated
Zg?; : as F .

IN THE CLAIMS

Please amend claim 14 as follows:

Z
/55/ --14. (Amended) A purified and 1sq&4ed DNA

procaryotic or

segquence for use in securing expression i
eucaryotic host cell of a polypeptide pfoduct having at
least.a part of the primary s ral conformation and one
or more of the biologica erties) activities of natur-
ally-occurring erythropdierin, said DNA sequence selected

from [among] the group €onsisting of:

(a) the DNA sequences set out in [Tables V and

VI] Figures § d 6 or their complementary strands;

) DNA sequences which hybridize to the DNA

sequences defined in (a) or fragments thereof; and

-7
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, £ "~
'l
/. (c) DNA sequ i ut for the degeneracy

of the genetic co idize to the DNA sequences

/

In claim 17, line 4, please delete "properties"
and insert --activities-- in place thereof.

In claim 20//1ine 2, please delete "Table V" and
insert --Figure 5-- it/place thereof.

In claim 23/ line 2, please delete “Table VI" and
insert --Pigure 6~~ in place thereof.

In claim 24,’f1ne 2, please delete "14" and insert
==17-- in place thereof. .

In claim 27, line 3, please delete "Table XIV" and
insert --Figure 7-- in place thereof.

In claim 30, line 3, please delete "Table XXI" and
insert --Figure 8--/in place thereof.

In claim 34, line 1, please insert --purified and
isoclated-- before the term, "DNA".

In claim 58,/I;ne 2, please delete "Table V or vI"
and insert --Figure 5 or 6~- in place thereof.

In claim 69,/Iine 3, please delete "properties"
and insert ——activitie37- in place thereof.

In claim 69, line 7, please insert --62-- after
the word "claim".

In claim 70, line 3, please delete “"properties"
and insert --activities-- in place thereof. —————

In claim 71, line 3, please delete "properties"
and insert --activities~- in place thereof.

In claim 72,/iine 3, please delete "properties"

and insert --activities-- in place thereof.

- -
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. REMARKS

Upon entry of the above-requested amendments,
claims 14 (Amended), 15, 16-36, 58 and 61-72 will remain in
the application.

Applicant acknowledges with thanks the interview
kindly granted by Examiners Wisemen and Giesser to Appli-
cant's counsel, Mr. Borun and Mr. Odre, on July 30, 1986.
Attached hereto as Exhibit No. 1 are copies of the documents
referred to as Exhibits "A" and "B" in the Examiner

Interview Summary Record prepared by Examiner Giesser.

A. The Claimed Subject Matter

The present invention reflects Applicant's dis-
covery of DNA sequences encoding erythropoietin., This dis-
covery, in turn, has allowed the first determination ever
made of the entire primary structural conformation of eryth-
ropoietin. Significantly, this discovery has allowed recom-
binant methods to be brought to bear in the development of
DNA vectors and transformed and transfected host cells use-
ful to secure large scale production of polypeptide products
sharing in the biological activities of erythropoietin.

The present claims are accordingly directed to DNA
sequences, DNA vectors, transformed and transfected host
cells and processes for the use of these materials in the
preparééion of erythropoietin products including, e.g.,
polypeptide fragments and polypeptide analogs of erythro-
peietin. 1Independent claim 14 is thus generally directed to
purified and isolated DNA‘sequencé defined by reference to
the DNA sequences revealed in Figures 4 and 6. Dependent

—_—
claims 15, 16, 62 and 69 respectively relate to host cells

transformed or transfected with DNA of claim 14, vectors

M t&’bg 235
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. including the DNA of claim 14, hosts transformed with such
vectors, and production processes employing such hosts.
Independent claim 17 is directed generally to DNA sequences
which code for procaryotic or eucaryotic host polypeptides
having erythropcietin amino acid sequences and having one or
more of erythropoietin's biological activities. Dependent
claims 18-33, 63-64 and 70 are directed to presently pre-
ferred forms of DNA sequences, vectors, transformed or
transfected hosts and production processes based on the
claim 17 DNA sequences. Independent claim 34 is generally
directed to DNA sequences of the invention which encode
polypeptide fragments and analogs of erythropoietin and
dependent claims 35, 36, 65-68, 71 and 72 are likewise dir-
ected to preferred forms.of sequences, vectors, transformed
and transfected hosts and production processes. Finally,
independent claim 58 is directed to the specific human and
monkey e:ythropoietin-encoding purified and isolated DNA

sequences as revealed in Figures 5 and 6 (previously Tables
\

T —

V and VI). "~

B. The Outstanding Office Action, The Rejections
of the Claims and Applicant's Responses Thereto

In the Action dated July 3, 1986, the Examiner
noted that the full text of the Chirgwin, et al. reference
(Ref.-€8) did not accompany Applicant's Information
Disclosure Statement filed April 24, 1986. Attached hereto
as Exhibit No. 2 is a full text copy. Applicant respect-
fully solicits the Examiner's consideration of the same.
and notation of such consideration on the previously sub-

mitted Form PTO-1449.
Due to the number and variety of objections and

rejections set forth in the Action dated July 3, 1986,
T 2?1 236
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~

‘pplicant submits that the issues raised therein are best
treated by responses which precisely “"track" the order of

their appearance in the Action.

1. The Rejection of Claims 14, 15, 17-36,
58 and 61-72 Under The First Paragraph of
35 U.S.C. §112 May Property Be Withdrawn

At page 4 of the Action, the Examiner lodged a
rejection of all claims under 35 U.S.C. §112 (first para-
graph) based on a corresponding objection to the specifica-
tion wherein the absence of an "assurance" of potential
replacement of A.T.C.C. Budapest Treaty microorganism
deposits was noted. While Applicant specifically disagrees
with the Examiner's assertion to the effect that the "inven-
tion depends on certain specific plasmids/microorganisms",
he has attached hereto as Exhibit No. 3 a Declaration by an
officer of his Assignee, Kirin-Amgen, Inc., assuring
replacement of deposited cultures if lost or destroyed dur-
ing the 30-year Budapest Treaty deposit period. This
Declaration is of the general form presented in Wiseman, T.
"Biotechnology Patents", pp. 33-42 appearing in
"Biotechnology Patent Conference Workbook" (American Type
Culture Collection, Rockville, MD., 1986).

Applicant respectfully submits that all require-
mentg_of the first paragraph of Section 112 are met, that
the objection to the specification should be withdrawn, and
that the corresponding rejection of claims 14, 15 17-36, 58

and 61-72 may properly be withdrawn.

e 24T 45& 237
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. 2. The Rejection of Claims 14, 15, 17-36,
58 and 61-72 Under The Second Paragraph
of 35 U.S.C. §112 May Properly Be Withdrawn

Bridging pages 4 and 5 of the Action, the Examiner
lodged a rejection of all claims under 35 U.S.C. §l12
(second paragraph) based on multiple assertions of indefi-
niteness of claim terminology. Each specific objection,
designated (a) through (f), is discussed below.

(a) Applicant respectfully disagrees with the
Examiner's assertion of indefiniteness for the term "pro-
caryotic or eucaryotic" as employed to describe host cells
in claims 14, 15 62, 64, 66, 68 and in claims dependent
thereon. While Applicant agrees in general that unduly
alternative language may not be in conformity with Section
112 requirements and that wholly non-equivalent terms ought
not to be presented as equivalents in claims, it is respect-
fully submitted that the claim term "procaryotic or
eucaryotic" quite accurately (i.e., "duly") specifies well
known alternatives in selection of available host cell types
for the application of recombinant DNA methods in polypep~-
tide production. The Examiner's attention is directed to
M.P.E.P. §706.03(d) wherein it is noted that:

"Generally speaking, the inclusion of (1)
negative limitations and (2) alternative

expressions, provided that the alternatively
. expressed elements are asically eguivalents

or purposes of the invention, are permitte

if there is no uncertainty or ambiguity with

respect to the question of scope or breadth
of claim is presented.”

It is thus the case that the kind of invention

claimed, together with the "purposes of the invention" are

-7- 238
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‘h properly considered in determining the propriety of
alternative language within any given claim.*

In this instance, support for the conclusion that
"procaryotic or eucaryotic" is duly alternative and unam-
biguous may be found upon consideration of the nature of the
"expression" process by which cells produce a polypeptide
based on a DNA sequence as claimed, together with the con-
text of the teachings of the present specification with
regard to production of erythropoietin polypeptides.
Whether a host cell is procaryotic or eucaryotic, the
general cellular process by which any given (DNA) codon
gives rise to the disposition of a given amino acid.tesidue
within a polypeptide is the same. The ATG codon, for
example, codes, via mRNA and tRNA, for disposition of a
methionine residue whether it is within a procaryotic or
eucaryotic host, and no DNA codon directs a different amino
acid residue simply depending on the procaryotic or

‘ eucaryotic nature of the host it is in. This concept is
clearly reflected in the present specification wherein, at
page 19, lines 6-11, it is noted that:

"These polypeptides are also uniquely charac-

terized by being the product of procaryotic

or eucaryotic host expression (e.g., by bac-

terial, yeast and mammalian cells in culture)

of exogenous DNA sequences obtained by

genomic or cDNA cloning or by gene syn-

"~ thesis".
Specific examples within the specification describe the
actual results of genomic, cDNA and synthetic DNA expression

in mammalian, E.coli, and yeast systems. Thereafter, the

* As an example, while "black or white" might appear
unduly alternative or ambiqguous, in vacuo, the term is
quite properly employed when describing an invention
related to squares of a chess board.

-,/-
Mo 2%
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‘pecification goes on to state, at page 92, line 33 through

page 93, line 5:

"put another way, DNA sequences provided by

the invention are useful in generating new

and useful viral and circular plasmid DNA

vectors, new and useful transformed and

transfected microbial procaryotic and

eucaryotic host cells (including bacterial

and yeast cells and mammalian cells grown in

culture), and new and useful methods for

cultured growth of such microbial host cells

capable of expression of EPO and EPO

products”.

Applicant respectfully submits that the term,
"procaryotic or eucaryotic" is completely in keeping with
the nature and purposes of the present invention as fully
described in the specification and that the outstanding
rejection of claims 14, 15, 62, 64, 66, 68 and claims depen-
dent thereon may properly be withdrawn.

(b) The Examiner has alleged that claims 14, 17,
34, 58, 69-72 and claims dependent thereon are indefinite
for failure to specify a "fragment" size and are thus "so
vague as to read on single base pairs". Applicant respect-
fully disagrees. Whether the Examiner is referring to a DNA
or polypeptide "fragment" is unclear, but it is clear from
the context of the claims under consideration that a poly-
peptide is encoded (necessitating the presence of multiple
3-base pair codons) and that the polypeptide encoded must
possess at least one of the biclogical properties of natur-
ally-occurring erythropoietin. Within this context Appli-
cant's claims certainly do not read on single base pairs
(which "encode" nothing). Rather, they include specific and
readily understood structural and functional limitations as

to the length of the DNA sequences claimed which in turn

allows for production of useful, biologically active mate-

-" -
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"ials. The outstanding rejection of claims 14, 17, 34, 58,
69-72 and claims dependent thereon may thus properly be
withdrawn.

(¢) The Examiner also objected to claims 14, 17,
69-72 and claims dependent thereon for their recitation of
"biological properties". This term is alleged toc be "so
indefinite as to be meaningless". Applicant disagrees.
While the "biological properties" of erythropoietin may be
varied, they are not indefinite. The term, as used in ref-
erence to erythropoietin, is essentially defined at specifi-
cation page 19, lines 3-5, by the recitation:

"...one or more of the biological properties

{e.g., immunological properties and in vivo

and in vitro biological activity) of natur-
ally-occurring erythropoietin...”.

The presently known in vivo and in vitro activities of
erythropoietin are well described in the prior art cited in
the specification's "Background", beginning at page 9, line
33 and continuing through page 12, line 19. Moreover, at

page 86, lines 21~-32, certain of the major reported in vivo

biological activities of erythropoietin are again recited:

",..s8timulation of reticulocyte response,
development of ferrokinetic effects (such as
plasma iron turnover effects and marrow

transit time effects), erythrocyte mass

changes, stimulation of hemoglobin C syn-

‘- thesis...increasing hematocrit levels in
mammals".

Applicant thus respectfully submits that the term
"biological properties”", as used in the specification, is
definite and meaningful and that its use in the claims is
fully in keeping with the requirements of Section 112. For
purposes of advancing prosecution of this application, how-

ever, and without waiver of any right to pursue cl#ims of
439411:G£53?£ 241
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. same or similar scope in a duly filed continuing appli-
cation, claims 14, 17 and 69~72 have been amended to refer
to biological activities of polypeptides encoded rather than
biological properties. This term is widely employed in the
literature of recombinant technologies and is fully sup-
ported in the present specification by, e.g., the above-
cited disclosures of the biological activities of erythro-
poietin. Applicant thus respectfully submits that the out-
standing objection to, and rejection of, claims 14, 17 and
69-72 is mooted and may properly be withdrawn.

(d) Claims 14, 20, 23, 27, 30, 58 and claims
dependent thereon were rejected on grounds of reference to
figures, with the assertion that the DNA sequences of the
figures "can be adegquately expressed in wcrds". Applicant
respectfully disagrees. Applicant first notes that while
the DNA sequences set forth are alphabetical in nature, they
are not "words" in the ordinary sense. Rather, they are
"diagrams" reciting the relationship of many nucleic acids
and the amino acids encoded thereby. It has always been the
case that the requirements of Section 112 could be satisfied
by a diagramatic, rather than verbal, presentation in the
claims where, as here, prolixity is avoided and clarity of
description is preserved. See, e.g., In re Faust, 86

U.S.P.Q. 114, 115 (1943) and Ex parte Squires, 133 U.S.P.Q.

598, 600 (Bd. App. 1961).* 1In issued U.S. Patents relating
to inventions in biotechnology, it has been found appro-
priate to identify novel microorgansims and cell lines in
the claims through reference to a deposit accession

numbers. As an example, in recently issued U.S. Patent No.

* In the last-mentioned decision, the claim on appeal was
"l. A font of numerals as shown in Fig. 1",

-){ ) 242
25 225
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‘30,901, specific DNA sequences encoding interferon poly-
peptides were also claimed by reference to unspecified (but
presumably "knowable") DNA sequences present as plasmigd
inserts contained in deposited microorganisms.

Reference to figures of the drawing herein is in
full conformity with the "particularity" and "distinctness"
requirements of the second paragraph of Section 112 and such
reference clearly avoids prolixity without introducing
ambiguity. It is thus respectfully submitted that the out-
standing rejection of claims 14, 20, 23, 27, 30, 58 and
claims dependent thereon may properly be withdrawn.

(e) The above-requested amendment of the language
of claim 14 (to specify selection "from the group consisting
of") is believed to moot the outstanding rejection of the
claim on grounds of "improper Markush language".

(£) The requested amendment of claim 69 to
reflect dependence on claim 62 is believed to moot the out-

standing rejection thereof.

3. The "Provisional" Rejections of Claims
14, 15, 17-36, 58 and 61-72 Under 35
U.S.C., §101 Based on Applicant's Co-pending
Applications May Properly Be Withdrawn

Applicant acknowledges with thanks the Examiner's
provisional notation of the possibility of "double patent-
ing" gtounds for rejection should the present claims issue
and all original claims also issue in "parent" U.S. Patent
Application Serial Nos. 561,024, 582,185 and 655,841, This
notation will be kept in mind in anf.;;bsequent prosecution
of said applications. Applicant submits, however, that the
provisional notation does not provide a basis for present

rejection of the claims or otherwise constitute a bar to

-2 - e
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. 4. The Rejection of Claims 14, 24, 34
and 36 Under 35 U.S.C. §101 May
Properly Be Withdrawn

Amendment of claims 14 and 34 to include the reci-
tation of "purified and isolated" with reference to the
claimed DNA sequences is believed to moot the outstanding
rejection of claims 14, 24, 34 and 26 wherein the Examiner
suggested that non-statutory subject matter (non-isolated
erythropoietin genes in cells naturally producing erythro-

poietin) might be embraced by the claims.

5. The Rejection of Claims 14, 24, 34
and 36 Under 35 U.S.C. §§102(b) or 103
Over the Sugimoto et al. Reference
May Properly Be Withdrawn

Amendment -of claims 14 and 34 to include the reci-
tation of "purified and isolated" with reference to the
claimed DNA sequences is believed to render moot the out-
standing rejection of claims 14, 24, 34 and 36. Under no
circumstance can thé claims be urged to "read on" non-
isolated DNA present in the erythropoietin-producing lympho-

blastoid cells of the Sugimoto et al. reference.

6. The Rejection of Claims 14, 15, 17, 18, 20,
24-27, 33, 34, 61-66, 69, 70 and 71 Under
35 U.S.C. §§102(a)/103 Based on the Lee-Huang
(PNAS) Reference May Properly Be Withdrawn

It was the Examiner's position that the DNA
sequences described in claims 14, 15 17, 18, 20, 24-27, 33,
34, 61-66, 69, 70 and 71 "appear to be the same as those
made by Lee-Huang et al." [referring to PTO Reference "R";
Applicant's Reference C-68; Lee-Huang, P.N.A.S., 81, 2708-12
(1984)} and that these claims should therefore be rejected
as anticipated or obvicus under 35 U.S.C. §§102(a)/103.

Applicant respectfully disagrees.

-‘ j;g 244
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. Applicant notes at the outset that the Lee-Huang

article was published in May, 1984, a date which is well
S —

after the filing dates of "parent" U.S. Patent Application
Serial Nos. 561,024 (December 12, 1983) and 582,185
(February 21, 1984).*

Applicant maintains that, irrespective of the
publication date of the Lee-~Huang P.N.A.S. article, it is
not "legally" available as a reference under 35 U.S.C.
§102(a) or (b). As set out in detail below, this is so
because the publication's disclosure is conspicuously in-
sufficient to allow a person ordinarily skilled in the art,
armed with the publication and his own knowledge, to dup-
licate the alleged cloning and expression of a human eryth-

ropoietin gene.

(2} The Legal Requirements for a
Publication to Qualify As a
Reference Bar Under 35 U.S.C. §102

Applicant submits that no publication may serve as
a bar to the patentability of a discovery under Section 102
if the reference does not itself substantially "enable" the
duplication of the claimed discovery. For over a century
the courts have maintained that for a publication to be such
a bar, the account published must be of a complete and oper-
able invention capable of being put into practical opera-

tion. See, Seymour v. Osborne, 78 U.S. 516, 555 (U.S.

1870). This position was uniformly adopted and applied by
the former Court of Customs and Patent Appeals. The Court's
decision in In re LeGrice, 301 F.2d 929 (CCPA, 1962) is

directly in point.

* Note, also, that the December 13, 1983 filing date of
Serial No. 561,024 precedes the January ll, 1984 filing
date of U,.S. Serial No. 870,040, referred to on the
face of Reference B-l13, the Lee-Huang PCT published PCT

Application. ’ MF ’ 245
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. "We think it is sound law, consistent
with public policy underlying our patent law,
that before any publication can amount to a
statutory bar to the grant of a patent, its
disclosure must be such that a skilled
artisan could take its teachings in combina-
tion with his own knowledge of the particular
art and be in possession of the invention"
Id, at page 936.

* k Rk * &

“...the proper test of description in a bar
to a patent as the clause is used in section
102(b) requires a determination of whether
one skilled in the art to which the invention
pertains could take the description of the
invention in the printed publication and
combine it with his own knowledge of the
particular art and from this combination be
put in possession of the invention on which
the patent is sought." Id, at page 939.

See also, In re Sasse, 629 F.2d 675, 681 (CCPA, 1980).

This position concerning the "enablement" require-
ment of a reference has been carried forward by the Patent
Office Board of Appeals with respect to a variety of tech-

nologies, including those involving microbiology. Thus,

while the CCPA decision in In re Argoudelis et al., 434 F.2ad

1390, (1970) is frequently cited for its holding concerning
an applicant's "enablement" requirements, the Board of
Appeals decision which gave rise to the CCPA decision .
clearly applied the ruling of In re LeGrice to eliminate
from consideration under Section 102 two Japanese "prior
art" references disclosing the same antibiotic as claimed,
but disclosing the means for obtaining it in a manner which
could not be duplicated by an ordinarily skilled worker.

See, Ex parte Argoudelis et al., 157 U.S.P.Q. 437, 443-4

(Bd. App., 1967).

ij;g;%;? 246
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. (b) The Lee-Huang (P.N.A.S.) Reference
1s Not Susceptible to Duplication

By Exercise of Ordinary Skill

Applicant submits that it is manifest from the
four corners of the Lee~Huang publication that a person of
ordinary skill in the art could not duplicate its disclo-
sures to obtain cDNA encoding human erythropoietin --
principally because the monoclonal antibody designated "7A7"
which was used in the work reported was not publicly avail-
able at the time of the publication and could not have been
obtained by an ordinarily skilled artisan at that time.
Moreover, the highly purified immunogen used by Lee-Huang to
generate the 7A7-producing hybridoma cell line could not be
obtained by “non-inventive" means.

The work represented in the Lee-Huang publication
can be fairly summarized by reference to page 2708 and the
paragraph bridging its two columns, which states:

"Recently, we have been engaged in the
purification of human EP. Progress has been

made in the development of effective tech-

niques for improved Ep purification (10).

This has enabled us to prepare sufficient

quantities of purified materials for the

production of monoclonal antibodies to human

Ep. (11) These antibodies provide a

specific means for identifying Ep mRNA and

for screening recombinant plasmids containing

Ep gene [DNA| sequences." (Emphasis
supplied)

In the "Materials and Methods" section on page 2708 of the

publication reveals that:

"Monoclonal antibody to human Ep was
prepared according to the hybridoma technique
of Kohler and Milstein (17). Purified IgG
was used for all experiments described in the
present work. The particular antibody used
in all these studies was designated mono-
clonal 7A7. 1t reacts specifically with our

uriflied Ep. Our purifled Ep gives a single
polypeptide band of Mr 34,000 by silver stain
on NaDodS0,/polyacrylamide gel (see Fig. 2a,
lane 3). 1t has a specific activity of
66,000 units/mg." {(Emphasis supplied.)

ollb -')z:lé?"
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‘ommencing with the second full paragraph of the "Results"

section on page 2709, it is stated that:

"To determine whether the poly(A)+ RNA
isolated from the Ep~rich human renal car-
cinomas indeed contained Ep message, in vitro
translation was carried out. The labelled
translation products were immunogrecigxtated
with monoclonal antibody to human Ep.

(Emphasis supplied.)

In the description of isolation of messenger RNA from renal
carcinoma cells* and of use of the messenger to generate

cDNA, the publication states, at page 2710:

"The majority of Ep mRNA was resolved in
fraction 11 (Fig. 3, lane 11) as detected by
immunoprecipitation with anti-Ep_7A7... This
fraction was used to synthesize P-labelled
single-stranded cDNA..."

* Kk A * %

"Positive recombinants from colony
hybridization were picked and grown on
gridded nitrocellulose filters in a regis-
tered fashion for immunological screening.
This procedure relies on expression of the

CDNA inserted in the pBR322 s-lactamase
operon to produce a fused pol tide con-
taining the appropriate epitopg Eor the anti-
Ep recognition. From 1.4 x 107 screened
transformants, three positive clones were
identifled that reacted consistently with
7A7. These were designated pEpl, -2, and
-3." (Emphasis added.)

In the penultimate paragraph of the "Discussion on page
2712, it is stated that:
"Several monoclonal antibodies to human

Ep have been isolated; only one (7A7) was
chosen for routine screening of the cDNA

* There is at least a serious question concerning the
public availability of the "Ep~rich human renal
carcinomas" used by Lee-Huang. In the first paragraph
of the "Results" section on page 2709, Lee-Huang
describes an "extensive search" for such carcinomas.
Only 2 of 36 renal carcinoma extracts tested gqualified
as "Ep-rich" sources for messenger RNA.

- M-
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. library, because it has the highest antigen
binding affinity. Since these monoclona?
antiSogies do not complete with each other
for Ep binding (unpublished results) and they

most likely recognize different epitopes, a

mixture of them may identify additional Ep

cDNA clones as well as other Ep-related poly-

peptides. I have also not screened for the

presence of additional Ep c¢DNA clones con-

taining other inserts that would have

remained undetected by the immunological

screening." (Emphasis supplied.)

Based on the above-quoted portions of the
Lee-Huang text, it is apparent that duplicatation of the
erythropoietin cDNA isolation work described in the pub-
lication is not merely a formidable task, it is an imposs-
ible one.

Clearly, the key to Lee-Huang's initial mRNA iso-
lation and subsequent c¢DNA isolation (resulting in 3 cDNA
clones isolated from among 140,000 prepared) was the use of

monoclonal antibody 7A7. Other monoclonals mentioned by

_ Lee-Huang were described as having lower affinity and as

reacting with different epitopes, not even alleged to be
specific for erythropoietin. There is no notation in the
P.N.A.S. article of public availability for.antibody 7A7 or
the hybridoma cells which produce it. If the skilled worker
were to examine the "reference" (No. 1ll) cited by Lee-Huang
as describing the monoclonal antibodies used in the pub-
lished. work, the worker would f£ind only an abstract (pre-
viously submitted as Applicant's reference C-69) which des-
cribes three positive hybridoma cell lines, none of which
are identified as producing antibody 7A7, and none of which
are noted to be available from any public depository. More-
over, it is clear from the text that while the well-known
Kohler and Milstein technigues may have been employed to

generate 7A7 and the other monoclonal antibodies, the highly

- -
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.pﬁre immunogen used in the hybridoma development process was
one which assertedly could only be "enabled" by practice of
certain "improved” purification techniques. If the skilled
worker were to examine the "reference" (No. 10) cited by
Lee-Huang as relating to techniques for "improved Ep puri-
fication" which "enabled us to prepare sufficient quantities
of purified material for the production of monoclonal anti-
bodies to human Ep", the worker would find only a 1980 paper
on hydrophobic interaction chromatography (HIC) (Applicant's
Reference C-136). None of the erythropoietin preparations
in the paper demonstrate the high specific activity of
66,000 units/mg which characterized the erfthropoietin
immunogen used to make the 7A7 antibody.

Without a public source for the 7A7 antibody,
without a public description even of the purified immunogen
used to raise the antibody, the skilled worker is simply
without the wherewithal to take possession of the "dis-
covery" related in the Lee-Huang publication.

The above conclusion as to unavailability to the
ordinarily skilled worker of either the 7A7 antibody or the
purified immunogen used to generate it is specifically con-
firmed by the statements of Dr. Lee-Huang in her PCT
Application WO 85/03079 published July 18, 1985 (submitted
as Applicant's Reference B-13). On page 1 of the published
application, reference is first made to an alleged invention
in‘cDNA clones of human erythropoietin, than to an "Anti-Ep
Patent Application" (Serial No. 570,039, filed January 11,
1984) which relates to monoclonal antibodies to human eryth-
ropoietin, and finally to an "Ep Purification Patent
Application" (Serial No. 570,075, filed January 11, 1984)

which is said to relate to a novel method for purifying

- - 250
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.aan erythropoietin. The interrelationship between these
patent applications is set forth at page 2, lines 14-20 of

the published PCT Application:

"The progress made by the present inven-
tor in native human Ep purification (des-
cribed in the Ep Purification Patent Applica-
tion) by direct and reverse immunochromatog-
raphy, and in preparation of monoclonal
Anti~Ep (described in the Anti-Ep Patent
Application) has made it possible to attempt
cloning of human Ep gene which, upon
expression, can produce Ep protein.”

Clearly, Lee-Huang's position was that an "inven-
tion" in means for purifying erythropoietin was needed to
secure the immunogen employed in practice of an "invention"
in monoclonal, anti-erythropoietin antibody production,
which, in turn allowed for a third "invention" in the isola-
tion of an erythropoietin gene. Neither of the "enabling”
inventions in erythropoietin purification and monoclonal
antibody production is disclosed in the P.N.A.S. article.
This conclusion is further borne out by the text of the
published application at pages 29 through 36 and 37 through
42 which respectively describes "Ep Purification" and
"Monoclonal Anti-Ep".

In the "Ep Purification" section,.an erythro-
poietin purification process is set out wherein the erythro-
poietin obtained by hydrophobic interaction chromatography
(HIC).;ccording to the 1980 Lee-Huang publication (C-136)

serves as the starting material of the process. The mate-

rial is subjected to further processing by direct immuno-
affinity chromatography (DIAC) and then by reversed immuno-
affinity chromatography (RIAC) to secure the final pro-
duct. The HIC/DIAC/RIAC purification process is not found

in the P.N.A.S. publication.
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S

' In the "Monoclonal Anti-Ep" section, the erythro-
poietin preparation, purified by HIC, DIAC and RIAC, is used
as an immunogen to generate hybridomas secreting monoclonal
antibodies including, specifically, the antibodies produced
by clone "7A7". At page 38, lines 3-16, the immunization
protocol is described. The required performance character-
istics are set forth with the notation:

"These performance characteristics are rather

formidable, considering the weak immunogenic

properties of Ep. Accordingly, the EP used

for immunization should be the purest poss-

ible and the number of mice immunized should

be relatively large. Generally, assuming

careful selection and execution of the

immunization protocol, about one mouse in six

immunized will exhibit an acceptable immune

response.”

While the P.N.A.S. paper refers generally to the
1975 Kohler and Milstein procedures, page 38, lines 28-33
refer to a different reference for the fusion procedure and
also refer to "modifications" of the procedure as actually
applied by Lee-Huang. As noted at page 39, lines 14-17, the
7A7-producing clone was one of three stable clones isolated
from a total of 6460 hybridomas generated from a total of 10
fusiqns.* At page 41, lines 11-13, the 7A7 clone was noted
as a 10-fold higher producer than the other two clones. 1In
the published patent application, the 7A7 antibody was dis-
tinguished from the others by type (IgG2a/k as versus
IgGl/k) but the P.N.A.S. reference is wholly silent on this
matter.

Support for the above conclusion that the skilled

worker would not have been able to prepare the pure immuno-

* This appears to be the type of "discovery" which has
been characterized as patentable in Ex parte 01d, 229
U.S.P.Q. 196 (Bd. App. & Int., 1985).
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_.n employed to generate the 7A7 antibody without "inventive
skill" is found in the recent issuance of U.S. Letters
Patent 4,568,488 to Lee-Huang (Applicant's Reference A-22)
based on the "Ep Purification Patent Application" Serial No.
570,075. Presumably, the U.S. Patent Office was convinced
that extraordinary skill -- indeed a patentable invention --
was involved in the preparation of highly purified erythro-
poietin having a specific activity of 66,000 U/mg as des-
cribed in column 15, lines 43-45. (This activity corres-
ponds exactly to that ascribed to the starting material used
in immunizations for monoclonal antibody 7A7 preparation set
out in the Lee-Huang P.N.A.S. publication.) It is not known
whether Lee-Huang's Application Serial No. 570,039 is still
pending, and whether it claims an invention in the specific
7A7 antibody. The clear implication derived from the pub-
lished PCT application, however, is that extraordinary skill
in the art would be needed to produce the antibody.
Additional support for the conclusion that the 7A7
antibody was not publicly available to skilled workers at
the time of the P.N.A.S. publication is provided by Appli-
cant's attached Declaration (Exhibit No. 4 hereto) relating
to attempts to secure a sample of the antibody. As set out
in the Declaration, Applicant recently sought to obtain a
sample of the 7A7 antibody from Dr. Lee-Huang and, after a
long éélay, his request was denied upon his refusal to
assure that it would be used only for personal purposes,
unrelated to work for his employer. As of this day, the
high affinity, 7A7 antibody whose use was asserted to be
critical to the practice of the isolation procedures of the
Lee-Huang P.N.A.S. article remains unavailable to the public

at large.
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. Because the record clearly demonstrates that the
cDNA isolation work described in the Lee-Huang reference
could not be duplicated without exercise of extraordinary
skill, the publication is not properly urged as a bar to
patentability of the present invention and the rejection of
the claims under 35 U.S.C. §102(a)/103 may properly be with-

drawn.

7. The Rejection of Claims 14, 15, 17-20,
24, 33, 34, 36, 58, 61-66, 69, 70 and 71
Under 35 U.S.C. §§102(a)/103 Based on
Publications by Applicant and Eis
Co-Workers May Properly Be Withdrawn

It was the Examiner's position that the érohibi-
tions of Sections 102(a) and/or 103 dictate rejection of
essentially all pending claims based on a 1984 Abstract
jointly authored by Applicant and his co-workers [J.Cell.

Bioch., Suppl. 8B, p. 45 (1984)]. As noted by Applicant's

counsel in the Interview Outline, this Abstract and another
of substantially the same caliber [appearing in
Exp.Hematol., 12, 357 (1984)] do not provide any basis for
ignoring Applicant's Declaration as to prior sole inventor-
ship of the claimed subject matter filed in this and his
"parent" applications dating back to December 13, 1983.
Nonetheless, Applicant has attached hereto as Exhibit Nos. 5
and 6 two separate Declarations, consistent with the deci-
sion of In re Katz, 215 U.S.P.Q. 14 (CCPA, 1982), establish-
ing sole inventorship of the claimed subject matter. Appli-
cant submits that no basis exists for the continued rejec-
tion of claims 14, 15, 17-20, 24, 33, 36, 58, 61-66, 69, 70
and 71 based on Applicant's publications and that the out-

standing rejection may properly be withdrawn.
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. 8. The Rejections of All Claims Under 35
U.S.C. §103 Based Variously on Sugimoto,
et al., Cohen, et al., Paddock, Farber,
et al., Bennetzen, et al., Gouy, et al.,
and Lewin May Property Be Withdrawn

It was the Examiner's position that the subject
matter of claims 14, 15, 17, 18, 20-24, 34-36, 58 and 61-72
was statutorily obvicus upon consideration of Sugimoto, et
al. (PTO Reference A, U.S. 4,377,513; Applicant's Reference
A-B), in view of the disclosures of Paddock (PTO Reference
B, U.S. 4,563,151; Applicant’'s Reference A-18), and Cchen,
et al. (PTO Reference C, U.S. 4,468,464; Applicant's
Reference A-17). The Examiner specific position was as
follows:

*Sugimoto, et al. teach cells from which

erythropoietin RNA can be isolated, as they

have a high erythropoietin production.

Paddock teaches making cDNA from RNA, and

Cohen, et al. teach cloning of a desired

strand of DNA. Further, Sugimoto, et al.

suggest that the erythropoietin gene could be

so cloned. Thus it would be obvious to one

or ordinary skill in the art to isolate and

clone the erythropoietin gene, as the tech-

niques for doing so are well known in the art

and the expected result is obtained.”

Claim 19, specifically directed to monkey species
erythropoietin DNA, was rejected on the same grounds as
above, in further view of the Farber, et al. Abstract
appearing in Exp.Hematol. VII, Suppl. 4, Abstract 101 (PTO
Reference T; Applicant's Reference C-32).

Finally, claims "25-30" (sic, 332?) were rejected
based on Sugimoto, et al., Paddock and Cohen, et al., in

further view of Bennetzen, et al. [J.Biol.Chem., 257(6),

3026-31 (1982); PTO Reference RL; Applicant's Reference
C-133], Gouy, et al., [Nucleic Acids Res., 10, 7055-7074

(1982); PTO Reference U} and Lewin, [page 307 in Genes, John

Wiley & Sons (1983); PTO Reference sl].
- y/-
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. Applicant respectfully disagrees with the
Examiner's conclusions of obviousness for the claimed sub-
ject matter and affirmatively submits that the Examiner's
position is without factual support. The references relied
upon neither disclose nor suggest the making of the inven-
tion claimed. As set forth with greater particularity
below, it is Applicant's position that the "primary"

Sugimoto, et al. reference provides no teaching of a source

o ~ — e
b e pemin - apr—
PIRIPID PEVASRIOR. = £l

for erythropoxetzn RNA and the "secondary" references by

Lo TUOS S

Cohen, et al. and Paddock are wholly uninformative with
respect to the correct methods and materials means for
identifying erythropoietin encoding genetic material so as
to allow the present invention to be attained. The remain-
ing, “"tertiary" references fail to bar patentability because
the primary and secoedary references do not suggest the
invention. Finally, Applicant submits that the Lee-Huang
P.N.A.S. article appears to describe a “failed experiment"
which constitutes evidence of patentability of the present
claims.

Turning first to the Sugimoto, et al. reference,
at the outset of its text it is noted that the alleged
invention resides in means for obtaining erythropoietin from
human lymphoblastoid cells in culture. Beginning at column
1, line 55, the reference proposes culturing any erythro-
poietie—ptoducing lymphoblastoid cells and goes on to note
that such cells could include "human lymphoblastoid cells in
which there has been introduced the human erythropoietin
genetic sites" from a variety of normal and neoplastic

cells. The reference then states that:

"These erythropoietin production govern-

ing genetic sites may be introduced by means
of cell fusion using ponetEerne glycol or

AM670167887 AM-ITC 00952554
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. Sendai virus, or by genetic reccmbination
techniques using DNA ligase, nuclease and DNA
polymerase." (Emphasis supplied.)

It is thus clear that the authors of the Sugimoto,
et al. reference do not suggest that lymphoblastoid cells
are a potential source of genetic material. Rather, the
cells are proposed as a host for insertion of "genetic
sites" borrowed (e.g., by cell fusion) from other cell
sources. There is no mention at all of RNA or of the
reverse transcriptase enzyme needed to secure cDNA from
messenger RNA. Contrary to the Examiner's position, then
there is no suggestion in Sugimoto, et al. that the erythro-
poietin gene could be cloned, nor any "teaching” of "cells
from which erythropoietin RNA can be isolated, as they have
a high erythropoietin production".* Even if there had been
a direct disclosure in Sugimoto, et al. of a potential
source of "high levels" of erythropoietin-encpding messenger
RNA (such as might be attributed, for example, to the
Farber, et al. disclosure of isolated kidney cells from
phenylhydrazine-treated baboons), it still remainsvthe case
that neither Sugimoto, et al. nor any of the secondary
references disclose any means whatever for ascertaining
which message (from among the innumerable “"messages" present
in the cells) would encode erythropoietin or which reverse
transcript (cDNA) of such a message would encode erythro-

poietin.

* The Examiner will also recall that the "effect" of
being able to isolate high levels of a secreted
polypeptide from a culture may result from a variety of
"causes" other than high levels of mRNA in the cells.
As examples, one may note the possibility of more
efficient translation of the same quantity of RNA, or
of more efficient secretion of an essentially fixed
quantity ef RNA translation product, or even less
efficient activity of destructive proteolytic enzymes
in the cells or medium.
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. Even a most casual analysis of the secondary ref-
erences to Cohen, et al. and Paddock reveals that the
skilled worker can obtain no help from them in solving the
problem of erythropoietin gene identification and isolation
from erythropoietin-producing cells. One must note, for
example, that the methods of the Cohen, et al. reference
presume the independent existence of a means for identifying
and isolating the "second DNA segment foreign to said cell
and having at least one intact gene"., Likewise, Paddock or
any other reference which might address the successful
v"reverse transcription” of RNA to generate cDNA, also
presumes either a means for isolating only the desired
messenger RNA (prior to reverse transcription) or a means
for isolating the desired ¢DNA sequences (following trans-
cription and amplification of multiple messages).

Applicant submits that two separate pieces of
evidence further support the conclusion that the Sugimoto,
et al., Cohen, et al. and Paddock references do not "com-
bine" to render the presently claimed invention obvious.

The first source of evidentiary support is provided by con-
sideration of the specific examples of the specification
which describe how Applicant actually made his discovery.
The second piece of evidence is provided upon analysis of
the Lee-Huang reference previously distinguished.

N It is highly pertinent to the issue of whether the
cited references render Applicant's invention obvious that
his isolation of DNA encoding human erythropoietin did not
proceed by cDNA techniques attributed to the references and
that his isolation of monkey cDNA encoding erythropoietin
employed DNA/DNA hybridization methods and materials nowhere

described or suggested by the references. As conspicuously

- o -
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‘ed in the present specification, Applicant's isolation of
human EPO-encoding DNA was by screening of a human genomic
library of 1,5000,000 viral plaques in order to isolate what
is now generally recognized as a single copy gene in the
human genome. The improved methodology employed by
Applicant is itself the subject of non-elected claim 60
which describes use of multiple mixed probes, specific sub-
strates, protease enzyme treatment, specific probe concen-
trations and specific hybridization conditions. The success
achieved by Applicant through practice of these procedures
must be viewed in the context of the essentially concurrent
pronouncement of the Anderson, et al. reference (Applicant's
Reference C-2) that such screening methods are "...imprac-
tical for isolation of mammalian protein genes when corres-
ponding RNA's are unavailable". It is also noteworthy that
PCT Application B5/01961, published May 9, 1985 (Applicant's
Reference B-15) relates the opinion of its authors that, as

" of its 1984 filing date (and perhaps as of the earlier
priority dates listed), a patentable invention resided in
mixed probe genomic library screening to isolate .the human
gene for Factor VIII:C. See, e.g., claims 21, through 31 of
the application. The genomic library screéning~process
employed by Applicant is nowhere "taught” in the cited ref-
erence. ‘

B As further conspicuously noted in‘the specifica-
tion, Applicant's isolation of monkey cDNA involved hybridi-
zation screening as described above and the use of DNA
probes whose sequences were determined by Applicant based on
information unavailable from any published source, much less
from the cited references to Sugimoto, et al., Cohen, et al.

and Paddock.
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‘outside the scope of the disclosure of the cited references
is thus believed to support the conclusion of non-obvious-
ness of the claimed invention.

Applicant next submits that non-obviousness is
still further established by analysis of the Lee-Huang
P.N.A.S. publication. A substantial basis exists for con-
cluding that none of the cDNA sequences whose isolation is
reported in the Lee-Huang publication actually encoded the
polypeptide sequence of erythropoietin and, therefore, that
the work of the publication constitutes a "failed attempt"
to clone and express DNA encoding human erythropoietin. The
principal indicators of failure are found in the publica-
tion's reports concerning the size and restriction enzyme
digestion characteristics of the cDNA inserts alleged to
encode erythropoietin, and in its reports concerning the
molecular weights of the products of in vitro translation of
messenger RNA used to generate the cDNA inserts.

It will be recalled at the outset that the publi-
cation's author concluded that erythropoietin cDNA had been
cloned and expressed on the basis of following types of

experimental evidence:

(1) polypeptide products of in vitro translation
of a particular (sized) fraction of mRNA isolated from human
renal carcinoma cells were immunologically reactive with a
monociénal antibody ("7A7") against human erythropoietin;

(2) the size (M) of these polypeptide translation
products waé about 29,000 and 15,000, and the larger of

these appeared to correspond in size to the molecular weight
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.of "aglycosylated" erythropoietin as projected by the

author*; and

(3) cDNA derived from the same fraction of mRNA
provided for three "positive" clones which (a) upon
"expression" provided s-lactamase fusion products immuno-
reactive with the 7A7 antibody, and (b) hybridized "back" to
the mRNA fraction which had yielded the immunoreactive in
vitro expression products.

While the publication purports to address the
"cloning and expression”" of human erythropoietin cDNA, no
expression product of the c¢DNA was ever isolated and
sequenced, nor were any of the cloned cDNAs analyzed for
their nucleic acid sequence constitution. Restriction
enzyme digestion of the three separate "positive" clones
(designated by Lee-Huang as pEpl, pEp2 and pEp3) revealed
that the three cDNA inserts had approximate sizes of 1,400
base pairs, 600 base pairs and 200 base pairs, respec-
tively. It was Lee-Huang's conclusion (at page 2712) that:

"Judging from the M, of the native urinary

Ep, the cDNA insert of pEpl is probably close

to the coding size, while those of clones

pEp2 and pEp3 are too short to encode the

complete sequence of Ep." (Emphasis
supplied.)

Applicant respectfully submits that knowledge of
the nucleic acid sequence of the human erythropoietin gene
as provided by the present application and as substantiated

by later analytical work (including the independent work of

* Please refer to the publication text beginning with the
second paragraph of the "Results" section on page
2709. Immunoreactive polypeptide product of in vitro
mRNA expression in a system incapable of glycosylation
were sized at M. 29,000 and 15,000. A series of
comparative tesgs using crude and purified natural EPO
were said to confirm that the M, 29,000 polypeptide
"may represent the aglycosylateé form of Ep."
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.hers) indicates that it is highly doubtful that the Lee-
Huang actually succeeded in cloning a DNA sequence that
encoded human erythropoietin. This is the case despite the
fact that mRNA translation products and cDNA fusion gene
expression products described by Lee-Huang were noted to be
immunoreactive with a particular monoclonal, anti-erythro-
peietin antibody.

Applicant has attached hereto as Exhibit No. 7 his
Declaration relating to a computer—-assisted restriction
mapping analysis of cDNA sequence encoding human erythro-
poietin and to his experiments in restriction enzyme diges-
tion of the cDNA. As described in the Declaration, computer
analysis of the 1772 base pair cDNA reveals that there are a
total of four 6-base pair recognition sites (5'~CTGCAG-3'),
allowing for potential cleavage of the DNA by the restric-
tion endonuclease enzyme PstI at four distinct sites. These
occur at nucleotide numbers 218, 801, 976, and 1185.
[Attached hereto as Exhibit No. 8 is a photocopy of Table VI
of the present application whereupon red boxes enclose the
four recognition sites. For comparative purposes, attached
hereto as Exhibit No. 9 is a photocopy of Figures 2 and 3 of
Jacobs et al., Nature, 313, 806-810 (1985) upon which the
same recognition sites in the same locations, have been
noted.,] The Declaration further reveals that actual diges-
tion of a human erythropoietin cDNA-containing circular
plasmid with PstI in fact generated the expected total of
four fragments. These comprise a large plasmid DNA fragment
and three small fragments of sizes quite precisely corres-
ponding in size to those predicted by the computer generated

restriction map.
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and sequence of the mRNA reverse transcript (cDNA) isolated

With this information in hand concerning the size

by both Applicant and independent investigators, analysis of
Figure 5 of the Lee-Huang publication reveals that the 1400,
600, and 200 base pair cDNA sequences most likely do not
encode human erythropoietin.

The 1772 base pair erythropoietin-encoding cDNA
sequence analyzed by Applicant and the three cDNA clones
isolated according to the publication are aligned for com-

parative purposes immediately below. In the illustration a

scale of 1lmm 100 base pairs was employed and the position
of the erythropoietin polypeptide coding region is repre-

sented by a block.

Erythropoietin ¢DNA (Lin, Jacohs, et al.)

Pstl Pstl PstlI PstI
(218) (801) (976) (1181)
1
et 4 4 1772 {oolvA
| Frythropoietin Coding !
| 1
PEp-1 cDNA 1 . ‘ 1400
Lee~Huang | |
| I
PEn-2 cDNA 1 1, - 600
Lee-Huang _ | g
|
| i
DEp-3 cDNA
Lee-Huang : ! t 200
263
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‘t will be recalled that cDNA transcription occurs from the

3' end of the mRNA and therefore the linear alignment of the
illustration is premised on the assumption that the
Lee-Huang publication's cDNA clones were developed by
reverse transcription from a polyadenyl (Poly A) site common
to the 3' end all the mRNA's involved. The likelihood that
the site of the polyA region of the erythropoietin mRNA from
the kidney cell source used by Lee-Huang differed substan-
tially from the polyA region of Applicant's messenger trans-
cribed from a human genomic DNA sequence is quite small.
Clearly the cDNA inserts of pEp2 and pEp3 are, as
Lee-Huang predicted, too small to encode human eryéhro-
poietin or. Upon examination of the restriction map charac-
teristics of the largest cDNA fragment, present on
Lee-Huang's "pEpl" plasmid as a "removable" 1400 base pair
Pstl insert into the plasmid pBR322*, one notes from Lane 3
of Figure 5 of the publication that three fragments were
formed upon PstI digestion -- a large pBR322 DNA fragment
and two small fragments said to be about 1100 and 300 base
pairs, respectively. This number and size pattern of frag-
ments would be accounted for by the presence of the two
"designed" Pstl recognition sites at the respective ends of
the insert (allowing for the insert to be separated from the
plasmid) and only one Pstl recognition site within the 1400
base pair insert, located about 1100 base pairs from the 3'
end. The restriction map of human erythropoietin cDNA as

predicted by computer and verified by actual digestion

* See attached Exhibit No. 10 taken from Maniatis et al.,
"Molecular Cloning, A Laboratory Manual," Cold Springs
Harbor Laboratory, 1982, which graphically illustrates
the "standard" process carried by the Lee-Huang
publication for cDNA preparation and insertion into
PBR322 at its PstI site.

- ;y..
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.expetiments, however, dictates that at least three PstI
recognition sites should be present in a 1400 base pair,
erythropoietin-encoding cDNA insert. Had the 1400 base pair
CDNA insert in Lee-Huang's plasmid pEpl been an erythro-
poietin-encoding DNA, then a total of five fragments would
be expected upon digestion with PstI. Immediately below is

an illustration of the projection.

Plasmid pEp-1

PROJECTED Pstl Restriction Sites If EPO cDNA
Yield Upon Digestion = One Large (Plasmid) Fragment
Four cDNA Fragments

1 ~425 ~€00 ~800 1400
1 ~300 1400

Plasmid pEp-1

ACTUAL PstI Restriction Sites
Yield Upon Digestion = One Large (Plasmid) Fragment
Two cDNA Fragments

In order for the cDNA insert of Lee-Huang's plas-
mid pEpl to actually represent an erythropoietin-encoding
DNA, the insert would have to somehow comprise a naturally-
occurring allelic variant wherein a sufficient number of
base pair changes are present to "kill" all three PstI sites
within the polypeptide coding region and "create" a new PstI
site in a different location within the coding region, about
300 base pairs from the 5' end. The likelihood that this

could be the case is immensely small and one therefore must

- 3¢ -
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.conclude that the accuracy of Lee-Huang's identification of
the cDNA as Epo-encoding is, at best, significantly in
doubt.

In addition to the above sizing and restriction
mapping evidence casting doubt on the Lee-Huang's conclusion
that erythropoietin-encoding cDNA had actually been cloned
and expressed, there is still another piece of evidence
indicating that the messenger RNA "template" used by
Lee-Huang for cDNA preparation did not actually encode human
erythropoietin. This evidence is manifested through com-
parison of the molecular weight (M.) of the non-glycosylated
in vitro translation products which Lee-Huang's mRNA gave
rise to versus the calculated molecular weight of erythro-
poietin based on its amino acid sequence.

As indicated to the Examiner during the course of
the recent interview, the carbohydrate-free, in vitro mRNA
translation products described by Lee-Huang do not "corres-
pond" in terms of molecular weight to products which would
be expected to be obtained upon translation of an mRNA
encoding human erythropoietin. The two immunoreactive
expression products of the publication had 29,000 and 15,000
molecular weights, respectively. Lee-Huang projected that
the M, 29,000 product was an "aglycosylated" form of
naturg}, glycosylated human erythropoietin, which had been
reported to have an apparent molecular weight of 34,000.

The M, 15,000 translation product was projected to be an
"aglycosylated" fragment of the larger polypeptide. How-
ever, calculation of the molecular weights of non-glycosy-
lated products of erythropoietin mRNA translation reveals no
potential for generation of an M, 29,000 species, no poten-

tial for generation of an M. 15,000 species, and no likely

_%-
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.:ospect that an M. 29,000 species could be obtained by,
e.g., dimerization of any potential species.

More specifically, if one were to assume that the
product of human erythropoietin mRNA tranlsation in vitro
was a "full-length" polypeptide having both the 27 amino
acid residue leader sequence and a full complement of 166
residues of the mature polypeptide, the molecular weight of

this 193 residue species would be 21,310.

=27 +166
MW = 21,310

If one were to assume that the in vitro translation system
which Lee-Huang possessed the enzymatic wherewithal to pro-
cess off the 27 residue leader seguence, the molecular
weight of the resulting 166 residue species would be

18,399.

+1 +166

L ! MW = 18,399
I Al

Finally, if one were to assume that the in vitro
translation system employed by Lee-Huang somehow allowed for
internal initiation of translation at the ATG codon for the
methionine residue at position 54 of the erythropoietin
polypeptide (rather than the methionine at -27) the cal-

culated molecular weight of this species would be 12,336.

+54 +166
MW = 12,336

- 267
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‘ Clearly, none of the potential translation
products of erythropoietin mRNA correspond to Lee-Huang's
M 29000 translation product nor could any homodimer of a
potential translation product "weigh in" at 29,000.

The above analysis is believed to establish that
available evidence of the nature and amino acid constitution
of the human erythropoietin polypeptide, and the nature and
base pair constitution of the DNA that encodes the human
erythropoietin polypeptide (both revealed for the first time
by this inventor and subseguently independently verified by
others) fully supports the conclusion that the Lee-Huang
publication describes a "failed attempt" to clone and
express human erythropoietin cDNA. This, in turn, provides

at least some evidence of the noncbviousness of the inven-

tion claimed herein.

Because none of the references relied upon dis-
close or suggest any suitable means for securing the claimed
invention, Applicant respectfully submits that the rejec-
tions of the claims under 35 U.S.C. §103 may properly be

withdrawn.

C. Remarks Concerning Preliminary Amendment
and Information Disclosure Statement
Dated April 23, 1986

As Exhibit 3 to Applicant's Preliminary Amendment
dated April 23, 1986, there was provided a list of eight
"closely related" references. This list included items
A-13/B5 (Egrie, Published EPC Application 0,116,446), C-103
[Sue, et al., Proc.Nat'l.Acad.Sci.(USA), B0:3651-3655

(1981)] and C-106 [Sytowski, et al., J.Immunol.Methods,

69:181-186 (1983)). In turn, these three were discussed at

pages 4 and 5 of the concurrently filed Information

- 47/-
glel . p28

268

AM670167899 AM-ITC 00952566



Case 1:05-cv-12237-WGY Document 501-27  Filed 06/14/2007 Page 39 of 56

.iaclosute Statement as references which relate "to syn-
thetic peptides having structures based on prior attempts at
identification of the sequence of aminc acids at the amino
terminal of urine-derived erythropoietin". At pages S and
6, under the heading "References Related to Isolation of
Naturally-Occurring Erythropoietin by Immunological Means",
a notation was made of Reference C-129 [Yanagawa, et al.

J.Biol.Chem., 259(5), 2707-2710 (1984)].

In the recent past, Applicant's undersigned
counsel determined that the Yanagawa, et al. reference

(C-129), in addition to relating to immunological isolation

of erythropoietin, also disclosed (at page 2710) a'sequence
of thirty amino terminal amino acid residues obtained by gas
phase sequenator sequencing of immunopurified erythro-
poietin. Distinctions between this sequence and that of
Sue, et al., reference (C-106) were drawn. Although no
mention of synthetic peptides was made, it appears that the
Yanagawa, et al. reference should probably have been listed
as a ninth reference on Exhibit 3 to the Preliminary
Amendment and included along with the Egrie, Sue, et al. and
Sytowski, et al. as a references relating to amino terminal
sequences of erythropoietin.

As was(gha_gagg_with the Sue, et al. and Sytowski,

—

et al:’references, the Yanagawa, et al. publication
incorrectly identifies the amino terminal residues of
erythropoietin ~~ fully five of the first thirty residues
are incompletely or incorrectly noted (Pro3 designated as
" Cys7 designated as "Leu"; Asn?¢ designated as "?";

Thr 27 designated as "Asp"; and, Cy529 designated as

"Gly"). For the same reasons as advanced in the Information

Disclosure Statement, the Yanagawa, et al. reference is not

-)ﬂf‘ ) 269
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‘lieved to be relevant to patentability of the claimed

invention.

CONCLUSION
The foregoing amendments and remarks are beleived
to establish that pending claims 14 (amended), 15, 17-36, 58
and 61-72 are in condition for allowance and an early notice
thereof is solicited.
Respectfully submitted,

MARSHALL, O'TOOLE, GERSTEIN,
MURRAY & BICKNELL

By

MIchael F. Borun (Reg. No. 25,447)
A Member of the Firm

Attorneys for Applicants

Two First National Plaza

Chicago, Illinois 60603

(312) 346-5750

Chicago, Illinois

October 2 , 1986
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POTENTIAL TRANSLATION PRODUCTS OF mRNA
- ENCODING ERYTHROPOIETIN
. BASED ON SPECIFICATION TABLE VI

-
-27 +166
L MW = 21,310.23
+166
1 T MW = 18,399.11
}— nl
+54 +166

" MW = 12,336.27
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EXHIBIT B

Argument Map in DNA Strand hul3

from the ‘Gcutter’ file.
HINDt1l §8STYl-{ HAEL1-2 CFR1-3 BCL1 CFRL-3 HGIC1-1
HG1J11-2 STU1 NSPC1-2 AVAL -4 ACY1-4
© MSTIL AVA1I-4 SFI1 SMAL HGIA-3 HAEL1-1
APA1 SMAIL BCL1 APA1L HAE11 -4
HGIJ11-4 CFR1-4 HMCI1J11-4 KPN1
AVAl1-4 XMA3 BSTE2 HGICi-4
SMAL ESSHI1 NAR! PST1
PST1 SF1It
EKCL1!
STYL-1
HINC11-2 ACC1-2 TTHII12-4 APAl HGCICi1-3 STY!-4
HGIJ11-2 HAE1-2 HCIJ11-3 AHAL{L HCIJ1:-2
PST1 PVU11 HAE11-2 ACYL1-1 HAE1-3
PVUL1L STUL NCO1 HGIJ11-4
NSPCL1-3 PST1 STY1-2 HCIA-4
HAEL-% BCL11I HCIJli-t
HGIJ1L-3 XH02-4
HGIJi1-2 BSM1-2Z
. . SAC1

AAGCTTCTGCGCTTCCAGACCCAGCTACTTTGCGGAACTCAGCAACCCAGGCATCTCTGA
TTCGAAGACCCCAAGGTCTGGGTCGATGAAACCCCTTGAGTCGTTGCGTCCGTAGAGACT

1 HINDi11,

CTCTCCCCCCAACACCCGGATGCCCCCCACGGGAGCTGTCCGGCAGCCCAGCCTTTCCCA
CAGAGGCGGGTTCTCGCCCTACGGGOGGTCCCCTCCACAGGCCCTCGGCTCGGAAAGGET

104 HCG1J11,

GATAGCACGCTCCGCCAGTCCCAAGGCTGCGCAACCGGCTGCACTCCCCTCCCGCCACCC
CTATCCTGCCAGGCCCTCAGGCTTCCCACCCCTTCCCCCACCTGAGCCCACGCCCCTCGE

141 STY1, 148 MSTH,

AGGGCCCGGGAGCAGCCCCCATGACCCACACGCACCTCTGCAGCAGCCCCCCTCACGCCC
TCCCGCGGCCCTCCTCGGGOCTACTGGGTEGTGCCTCCAGACCTCETCGGGCCGACTGLGGE
182 APAl HGIJ!!, 185 AVAL SMAL, 218 PST!,

CCCCCACCCTCAACCCAGCCCTCCTCCCCCTCCTCTCACCCCCCCTCGCCCCTACCCCTE
GCCGCTCGCAGTTGGGTCCGCAGGACCGGGACCAGACTGGGGCCCACCGCCGATCGGGCAC
257 HAE1 STU1, 280 AVAl SMA1L,

GCGACCCCTCACCCACACAGCCTCTCCCCCACCCCCACCCGCGCACGCACACATGCAGAT
CGCTGCGGAGTGCGTCTGTCGGACAGGCGGTGQEPCTGGCCGCGTGCGTGTGTACGTCTA

(o)

351 NSPCt,
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361 AACACCCCCCACCCCCCGCCAGAGCCGCAGAGTCCCTCGH SCCGCCGCTCOCTCL
TTCTCGGGGQ?C {GC"SCTCTCGCCGTCTCAGCCAC!  '5¢ i “GCCCGCGAGCGACS
- ‘A ~ ~

376 CFR1, 399 SFIi, 400 BCL!L, 407 CFR1 . 143,

421 CCTCCGCCCCACCCCCCTCTCCTCCCCCAGCCCGACCGTCCGCCACCGLCCCCCCTOTGET
CCACGCGGCCTCCCCCGACAGCAGGCCCTCCCCCTCCCCCCCCTCCCCCCGCCCACGACTA

Ql CCCACACCGCGCCCCCTCCACAGCCCCCCTCTCCTCTAGCCCCCTCCCECTCCCCCTCCA
GCCTCTGGCCCGCGGCACCTGTCGGCGGGAGAGCAGATCCGCCCACCCCCACCGGOACET

S20 BGCL1L,

%41 CCGCCGAGCTTCCCGCGATCAGCGCCCCCCETCTGCTCACCCCCCCCCCCCCAGCTCCCT
- CGCGCCTCGAAGGGCCCTACTCCCGCCGGCCACACCAGTGCECCGCGCCCGGTCCAGCGA

552 AVAl SMALl, 562 APA1 HG1J11, S7S BSTE2, 584 BSSH11,

"

601 CAGCCACCCCGCCCACCCCCGCGAGATGEGGETGCACGAATCTCCTCGCCTGCCTGTCGOCTT
CTCCCTGCGCCCGCTCCCCCCCTCTACCCCCACCTCCTTACACGACGGACCGACACCCAAR
~ ~

610 CFR1, 631 HGIA,

661 CTCCTGTCCCTCCTCTCGLTCCCTCTGCGCCTCCCAGTCCTGGCGCGCCCCACCACELCTC
GAGGACAGGGACGACAGCGAGGCAGACCCGGAGCGTCAGGACCCGCGGGCTCGTOCGLAG

703 ACY! HAEl1l HGIC! NAR!,

721 ATCTCTGACAGCCGACTCCTCGACACCTACCTCTTCCACCCCAATCACCCCCAGAATATC
TAGACACTGTCGGCTCAGGACCTCTCCATGGAGAACCTCCGGTTCCTCCCGCTCTTATAG

746 HWGIC1 KPN1, 758 HAELl, 759 SFIi, 760 BCL!, 761 STY!,

781 ACGACGGCCTCTGCTCAACACTCCAGCTTCAATGACAATATCACTCTCCCAGACACCAAA
TGCTGCCCCACACCACTTCTCACCTCCAACTTACTCTTATACTCGACAGGCTCTCTCCTTT

801 PST!,

. B41 GTTAATTTCTATGCCTGGAAGACCATGCAGCGTCGCCCAGCAGCGCCCTAGAAGTCTGCCAG
CAATTAAAGATACGGACCTTCTCCTACCTCCAGCCCGTCGTCCGCCATCTTCAGACCGTC

- 90! GCGCCTGGCCCTGCTGTCGCGAAGCTCTCCTGCGGGGCCACGCCCTCTTGGTCAACTCTTCL
CCGCACCCGCACCACAGCCTTCCACAGCACCCCCCCCTCCGCCACAACCAGTTCAGAAGE

949 HINCLL,

96t CAGCCGTCGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCCTCACGTCGCCTTCCCAGCCTC
- GTCGGCACCCTCCGGGACGTCCACCTACACCTATTTCGGCAGTCACCGGAAGCGTCGGAG

970 WG1Jil, 976 PST1, 979 PVU1l, 984 NSPCl, 1005 HAEl,

1021 ACCACTCTCCTTCGCCCTCTCCGACCCCAGAAGGAAGCCATCTCCCCTCCAGATGLGGCC
TGGTGACACCAAGCCCGAGACCCTCGGGTCTTCCTTCGCTACAGCCCAGGTCTACGCCGC

1034 HCIJ11, 1043 HGIJ1,

-~ 1081 TCAGCTGCTCCACTCCGAACAATCACTCCTGACACTTTCCGCAARACTCTTCCCAGTCTAC
ACTCGACCAGCTGACGCTTGTTAGTGCACCACTGTGAAAGGCCTTTCAGAAGGC TCAGATG
~ ~

- 1082 PVULL, 1135 ACCL,

1141 TCCAATTTCCTCCGGGGAAAGCTGAACCTGTACACACGCGAGCCCTGCAGGACACGCCCAC
. ACCTTAAAGGAGGCCCCTTTCGACTTCCACATGTCTCCCCTCCGGACGTCCTCTCCCCTC

11A1 WAF1 STUt. 1185 PSTI1. .:7/?752
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1201 AGATCACCACCTCTCTCCACCTCGCCATATCCACCACCTP-&1CACCAACATTGCT+GTB
TCTACTGGTCC? CisCCTCCACCCGTATAGGTGCTCG! (ACTGCTTCTAACGAACAC

1233 TTHILI2,

+1261 CCACACCCTCCCCCCCCACTCCTCAACCCCOCTCGAGCGGCTCTCAGCTCACGCGCCAGCET
GCTGTGGGAGGGGGCGCTCAGGACTTCCCCCAGCTCCCCGAGACTCCGACGTCGCCSTCCCA

. 1297 HGIJ11, 1310 HAEL1l,

1321 CTCCCATGCACACTCCAGTGCCACCAATCACATCTCAGGCCCCAGAGCAACTSTCCACAG
CAGGCTACCTGTCAGGTCACGGTCGTTACTCTACAGTCCCCCGTCTCCTTCACAGGTCTC

1324 NCO1l STY1,

1381 AGCAACTCTGAGATCTAAGCATCTCACAGCGCCAACTTGAGCGCCCCACAGCAGCAACCAT
TCCTTGAGACTCTAGATTCCTACAGTCTCCCCGTTCAACTCCCCCCTCTCCTCETTCLTA

1391 BGL11 XHO2, 1421 APAl HGIJ11, 1437 BSM1,

1441 TCAGAGAGCAGCTTTAAACTCACGCGACACACCCATGCTGGCAACACCCCTCAGCTCACTC
AGTCTCTCCTCGAAATTTGAGTCCCTGTCTCGGTACCGACCC TTCTGCGCACTCGAGTCAG

1453 AHALL1, :484 ACY!, 1491 HGIA HGIJ11 SACH,

1501 GGCACCCTCCAARATTTCATCCCAGGACACCCTTTCGAGGCGATTTACCTCTTTTCCCAC
CCCTGCCACCTTTTAAACTACGGTCCTCTGCGARACCTCCGC TAAATGCACAAAAGCETG

1301 HGIC:,

1581 CTACCATCAGGGACAGCATGACCTGGACAACTTAGGTGGCAAGCTCTCACTTCTCCAGGT
GATGGTAGTCCCTGTCCTACTGGACCTCTTGAATCCACSGTTCCACACTCAAGACCTCCA

1621 CTCACGGGCATGGGCACTCCCTTCCTGCCAAGAGCCCCCTTGACACCCCCCTCGTECCAA
GAGTGCCCCTACCLCTCAGGCAACCACCCTTCTEGGGCSAACTGTGGCCCCACCACCETT

1640 STY!Ll, 1652 HCIJi1,

1681 CCATGAAGACAGGATGCGGGGCTGCCCTCTGCCTCTCATCGGGTCCAACTTTTCTCTATTC
GGCTACTTCTCTCCTACCCCCCACCCCAGACCCAGAGTACCCCAGCTTCAAAACACATAAC

1702 HAEL,

1741  TTCAACCTCATTCACAAGAACTGCAAACCACCAAAAAAAAAAAAAAAAAA
AAGTTGGAGTAACTCTTCTTGACTT TGGTGGTTTTTTTTTTTTTTTTTT

277 269

276

AM670167907 AM-ITC 00952574



Case 1:05-cv-12237-WGY  Document 501-27  Filed 06/14/2007 Page 47 of 56

K . —,
i )

<

! Z ‘ON 3ITqTuxd

277

AM670167908 AM-ITC 00952575



Case 1:05-cv-12237-WGY Document 501-27

AM670167909

5294 BIOCHEMISTRY

References )

Britten. R. J.. & Kohne, D. E. (19631 .0vience 161, §29-540.

Doerder, F. P, Licf, J. H.. & DeBault. L. E. (1977) Science
198, 946-948.

Glifin. V. R., Crkvenjakov. R... & Byus. C. (1973) Biochem-
istry 13, 2633-2611.

Goroviky, M. A., Yao, M-C.. Keevert, J. B.. & Pleger. G. L.
(1975) Methods Cell Biol. 9, 311-327.

Lindberg, U., & Persson, T. (1972) Eur. J. Biochem. 31,
246-254.

Rigby. P. W. J., Dieckmann. M.. Rhodes, C., & Berg. P
(1977 J. Mol. Biol. 113. 231-251.

Filed 06/14/2007

CHIRGWIN, PRZYE

Page 48 of 56

< MACDONALY, AND RLTTER

Sukai, M.. Fujii-h 13, Y., & Muramatsu. M. (1978)
Biochemistry 17, 3,.0-8515,

Straus. N. A. (1976) Handb. Genet.. 1976 5. 3-30.

Williams. J. B.. Fleck. E. W., Hellier, L. E.. & Uhlenhopp.
E. (1978) Proc. Natl. Acad. Sci. US.A. 7§ -3082-3086.

Woodard. J.. Kaneshiro. E.. & Gorovsky, M: 1972) Ge-
netics 70, 251-260.

Yao. M.. & Gorovsky, M. A. (1974) Chromosoma 48, 1-18.

Yao. M., & Gall. J. G. (1977) Cell 12. 121-132.

Yao. M.. Kimmel, A. R., & Gorovsky, M. A. (1974) Proc.
Natl. Acad. Sci. US.A. 71, 3082-3086.

Isolation of Biologically Active Ribonucleic Acid from Sources

Enriched in Ribonuclease'

John M. Chirgwin,! Alan E. Przybyla,$ Raymond J. MacDonald! and William J. Rutter®

ABSTRACT: Intact ribonucleic acid (RNA) has been prepared
from tissues rich in ribonuclesse such as the rat pancreas by
efficient homogenization in a 4 M solution of the potent protein
densturant guanidinium thiocyanate plus 0.1 M 2.mercapto-
ethanol to break protein disuifide bonds. The RNA was iso-

Fﬂe preparation of undegraded ribonucleic acid from 2 num-
ber of cell types is hindered by the presence of active nucleases.
An extreme example of this is the rat pancreas which contains
over 200 ug of ribonuciease A per g of tissue wet weight
(Beintema et al.. 1973). Within the pancreatic exocrine cells,
ribonuclease A as well as other digestive enzymes and zymo-
gens appears to be synthesized on ribosomes bound to the
cyroplasmic face of the endoplasmic reticulum, extruded di-
rectly into the cisternal side. and subsequently packaged in
secretory granules. Thus, the functions of the cytosol are
effectively sequestered from these strong hydrolytic activities.
Disruption of the cells, however, inevilably results in rapid
mixing of RNA and RNase.!?  One way to eliminate nu-
cleolytic degradation of RNA is to denature all of the cellular
proteins including RNase. This approach would be successful
only if the rate of denaturation exceeds the rate of RNA
hydrolysis by RNase. Deproteinization procedures using
guanidine hydrochloride (Cox, 1968) or phenol even in the
presence of RNase inhibitors such as heparin, iodoacetate, and
detergent (Parish, 1972) are insufficiently effective to yield

- intact RNA from the pancreas.

* From the Deparument of lmmn and Biophysics. University of
California.-San Francisco, Californi 143, Received June 11, 1979;
revised manuscript receiced August 2 7 !979 The work was supporied
by & grant from the N ion (BMS72.02222), by
a Helen Hay Whitney Foundation Pcuduanl Fellowship 10 A.E.P.. and

by American Cancer Society and of Health postd
toral fellowships ta0 J.M.C.
! Present address: Depariment of A y, Washingion University

School of Medisinc. Su. Louis, MO 63110.

¢ Present address: Department of Biochemistry, University of Georpia.
Athens, GA J0602.

! Present address: Department of Biochemistry, University of Texas
Health Science Center. Dallas, TX 75238,

lated free of protein by ethanol precipitation or by sedimen-
tation through cesium chioride. Rat pancreas RNA obtained
by these means has been used as a source for the purification
of a-amylase messenger ribonucleic acid.

We describe here & generally applicable method for the
quantitative isolation of intact RNA. The rate of denaturatio»
is maximized by the combined use of a strong denaturan:,
guanidinium thiocyanate, in which both cation and snion are
potent chaotropic agents (Jencks, 1969), and 2 reductant to
break protein disulfide bonds which are esseatial for RNa: .
activity (Sela et al.. 1956). This method has been employed
in the isolation of intact biologically functional RNA from rat
pancreas and the purification of mRNA for a-zmylase, the
most abundant pancreas-specific protein (Sanders & Rutter,
1972).

Experimental Procedure

Chemicals and Solutions. All glassware was rendered nu-
clease free by overnight treatment at 180 *C. Whenever
possible [see Ehrenberg et al. (1974)], stock solutions were
treated for 20 min with 0.2% dicthyl pyrocarbonate and then
thoroughly boiled to remove traces of the reagent. Buffers
such as tris(hydroxymethyl)aminomethane, which contains a
primary amine that reacts with diethyl pyrocarbonate, were
avoided.

Guanidinium thiocyanate stock (4 M) was prepared by
mixing 50 g of Fluka purum grade guanidinium thiocyanate
(Tridom, Inc., Hauppage. NY) with 0.5 g of sodium N-lau-
roylsarcosine (final concentration 0.5%). 2.5 mL of 1 M so-
dium citrate, pH 7.0 (25 mM), 0.7 mL of 2-mercaptoethanci
(0.1 M). and 0.33 mL of Sigma 30% Antifoam A (0.1%).

' A brief note describing a version of this method bas been published
(Ulirich et al., 1977).

 Abbreviations used: RNase. ribonuciease: mMRNA. messenger ribo-
aucieic acid: cDNA, complementary deoxyribonucieic scid.
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Deionized water was added wixi:x v orming and stirring until
the volume equaicd 100 mL at room temperaturc. The solu-
tion. which contained some insoluble materisl. was filtered.
its pH wagadiusted to 7 with a small amount of | N NaOH,
and it tightly closed for up to | month at room
iemperat®€. All handling of this solution and the initial
homogenization were done in & fume hood. and all equipment
which came into contact with 2-mercaptocthanal was subse-
quently treated with dilute aqueous hypochlorite solution
(chlorine laundry bleach).

Guanidine hydrochloride (Sigma practical grade) was made
up 10 7.5 M, filtered. neutralized to pH 7.0. buffered with
0.025 volume of 1 M sodium citrate. pH 7.0, made $ mM in
cither dithiothreitol or dithioerythritol, and stored for up to
1 month at room temperature.

Standard Guanidinium Thiocyanate Extraction Procedure.
Freshly removed pancreases were trimmed [rec of lymph
nodes. ganglia. and fat, weighed (the pancreas from 2 300-3
female rat weighs ~ 1 g). and then individually dropped into
16 mL of guanidinium thiocyanate stock solution in a $5-mL
Potter-Elvehjem homogenizer tube and immediately homo-
genized for 30-60 s at full speed with an [B-mm diameter
Tissumizer homogenizer (Tekmar Industrics, Cincinnati, OH).
The homogenates of two pancreases were combined in a 50-mL
tube and centrifuged for 10 min at 8000 rpm in a Sorvall HB4
swinging bucket rotor at 10 *°C o sediment particulate ma-
terial. The supernatants were decanted intoa flask and mixed
with 0.025 volume (relative to the original volume of homo-
genizing buffer) of 1| M acetic acid to lower the pH from 7
to § and 0.75 volume of absolute cthanol. The flask was
capped. shaken thoroughly. and placed at =20 *C overnight
1o precipitate nucleic acid. The material was sedimented by
centrifugation for 10 min a1 -10°C and 6000 rpm in an HB4
rotor. The tubes were drained of supernatant and any material
which did not form & firm pellet. The peliet was then resus-
pended by vigorous shaking in 0.5 volume (relative to the
original volume of homogenization bufTer) of buffered guani-
dine hydrochloride stock solution. If necessary, the samples
were briefly warmed in a 68 *C water bath to ensure complete
dispersion of the pellets. RNA was reprecipitated by adding
(relative to the amount of guanidine hydrochioride) 0.02§
volume of 1 M acetic acid and 0.5 volume of ethanol. The
solution was kept for at Jeast 3 h at =20 *C and centrifuged
a3 before. A final reprecipitation from guanidine hydrochloride
was performed in the same way, with a further halving of the
rotal volume. This reprecipitated material was centrifuged
for only S min 3t 6000 rpm. From this point onward all
procedures were carried out under sterile conditions to prevent
nuclease conamination.

The final pellets were dispersed in ethanol at room tem-
perature, triturated if necessary to extract excess guanidine
hydrochloride, and again centrifuged for $ min at 6000 rpm.
Ethanol was removed from the peliet by a sircam of nitrogen,
and the RNA was dissolved with vigorous shaking inl.0mL
of sterile water per g of original tissue. This solution was
centrifuged for 10 min at 13000 rpm and 10 *C 10 sediment
insoluble material. The supernatants containing the RNA
were decanted and saved, while the insoluble material was
reextracted twice with 0.5 mL of sterile water per § of original
tissue wet weight, followed by centrifugation for 10 min at
13000 rpm and 10 *C. The combined aqueous solution was
mixed with 0.1 volume of 2 M potassium acetate. pH 3. and
2 volumes of ethanol and left overnight at =20 °C.

RNA was sedimented from the ethanol suspension by cen-
wrifugation for 20 min at 10000 rpm and =10 *C in Corex

] a9 .
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tubes in an H. . The pellets were thoroughly washed
with 95% ethanol, cnied with nitrogen. and dissolved in 1.0
mL of sterile water per g of starting tissue.- Absorxance
me .surements were obtained by diluting the RNA solutions
iniv 10 mM triethanolamine hydrochloride, pH 7.4. An En'™
of 200 at 260 nm was used to determine the concentration of
RNA. The RNA samples were routinely stored as 70% etha-
nol suspension at pH 5 and -20 °C.

All of the extraction procedures were routinely carried out
in polyethylene, polypropylenc. or Corex centrifuge tubes.
Exposure to guanidinium thiocyanate solutions resulted in a
high rate of failure for polycarbonate tubes.

1 view of the large amounts of ribonuciease in the guanidine
homogenates and supernatants, it was imperative that no con-
tamination of any glassware or chemicals by these solutions
be permitted. Dilution of solutions of denatured RNase results
in renaturation of the active enzyme (Sela et al, 1956).

A modification ta the sbove procedure in which the RNA
is separated from the guanidinium thiocyanste homogenate
by ultracentrifugation through a dense cushion of cesium
chioride (Glisin et al., 1974) was suggested by Dr. A. Ullrich.
For this procedure, technical grade cesium chioride was made
up 10 5.7 M, buffered with 0.1 M sodium ethylenediamine-
tetraacetate, pH 7. or 25 mM sodium acetate or citrate, pH
S, sterilized with 0.29% dicthyl pyrocarbonate. and passed
through a 0.45-un Millipore filter. Small amounts of tissue
were homogenized in 4 M, filiered guanidinium thiocysnate
with 8 small Tissumizer or Potter=Elvehjem and layered into
ultracentrifuge tubes one-quarter filled with 5.7 M sesium
chioride. In 8 typical experiment, 8 Beckmaa SWS$0.1 rotor
was centrifuged for 12 h at 36000 rpm and 20 *C. Dissolution
of the RNA pellets in water was facilitated by brief heating
in a 68 *C water bath or by first extracting excess cesium
chloride with ethanol and drying with nitrogea. Since the
supernatants in thess experiments could contain large amounts
of renaturable nucleass, great care was taken 8ot 10 contami-
nate the pellets during their dissolution. This danger could
be circumvented by suspending the peltets in 2 smail volume
of buffered guanidine hydrochloride stock solution and pre-
cipitating the RNA with ethano! as described above. Cesium
chloride has been used for the preparation of samples of less
than 100 ug of embryonic RNA (Harding et al., 1978) and
for the isolation of rat parotid RNA {ree from polysaccharides
(Swain and Rutter, unpublished experiments). When the
maximum rotor speeds permissable for dense cesium chioride
solutions are calculated. allowance must be mads for the spe-
cific gravity of the guanidinium thiocyanate bomogenates,
which is between 1.1 and 1.2 g/mL.

Procedural Anecdotes and Variations. A large aumber of
different experimental procedures were tested before reaching
those described above. A summary of our experience is given
here to facilitate adaptation of the procedure to other systems.
First. the prevention of degradation by ribonuclease is de-
pendent upon lheemci:ncyot‘meinidalmndsohhehomo-
genization. For this reason, we have used the high-speed
Tissumizer; the similar Polytron (Brinkmann Instruments.
Westbury, NY) undoubtedly would be satisfactory. The use
of a conventional blender or the bomogenization of tissue which
has been frozen and thawed or of tissue which 1.3 been pul-
verized in liquid nitrogen results in degradation -fthe RNA,
as detected by the diminution in the 28S peak b- :ght and the
concomitant appearance of lower molecular weig 1t species on
electrophoresis in denaturing gels. However. r. . pancreases
which have been lyophilized after pulverizatior ndry ice or
liquid nitrogen can be satisfaciorily extracted w ' h the guani-
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dinium thiow vanate procedure. 7 ' 1es lacking significant
nucleolytic activity, wndiliuns'?’.-- ~mogenization are less
stringent. Embryonic pancreases can be prepared with a small
Potter-Elvehjem homogenizer. and for some culiured cells no
homogenization is needed since the cells lyse upon addition
of the guanidine solution (Harding et 3l.. 1977; Strohman et
al., 1977).

The reprecipitations of the RNA aid to eliminate already
denatured ribonuclease from the nucleic acid pellets. Thus.
these steps can be varied according to the specific circum-
stances. The pH and temperature of the initial homogeniza-
tion, 7.0 and ~20 *C. are optimal. but some variations can
be tolerated. The use of the detergent sodium N-lauroyl-
sarcosine is not essential but gives a cleaner initial precipitate
of RNA and may accelerate the initial dissolution of the tissue.
The 2-mercaptoethanol is essential for tissue containing
RNase. but increasing its concentration beyond 0.1 M final
concentration has no effect. Dithiothreitol can be used with
the guanidine hydrochioride stock as a disulfide bond reduc.
tant, but it undergoes a chemical reaction with the thiocyanate
anion to produce hydrogen sulfide and a green color.

The use of pH 7 and room temperature to dissolve the RNA
and of pH 5. -20 *C, and the addition of 0.5 volume of ethanol
to precipitate it foliow the recommendation of Cox (1968) for
guanidine hydrochloride. [t is essential to determine empiri-
cally the time necessary for complete precipitation of a given
RNA sample at -20 *C [viz.. Strohman et al. (1977)).
Cooling to this temperature can be accelerated by the use of
2 X1 crushed ice-rock salt bath. It is aiso advisable to
maintain RNA concentrations above 25 ug/mL in guanidine
solution. Tissue can be homogenized in as little as 4 volumes
of 4 M guanidinium thiocyanate, but the resuliant solution
may be L0o viscous 1o permit easy sedimentation of the RNA.
The initia! precipitation described above uses 0.75 volume of
ethanol relative to guanidinium thiocyanate stock: this pre-
cipitates some DNA (eliminated by the reprecipitations) as
well as RNA (Cox, 1968) but is necessary to prevent guani-
dinium thiocyanate from crystallizing out of solution at ~20
*C. Itis convenient to decrease the volumes of the successive
precipitations to concentrate the RNA. Inclusion of a final
organic solvent extraction siep, for example. with phenot or
chioroform, or of a 3 M sodium acetate precipitation at pH
(Kirby, 1968) is unnecessary. 3

Some tissues may contain non-RNA molecules which co-
precipitate with RNA by the methods described, necessitating
further purification. We have, however, not encountered such
contaminants in the tissues listed in Figure 2 or in rat brain,
spleen, or muscle. Under the described conditions of centri-
fugation, yeast 'H-labeled tRNA (provided by Dr. L. De
Gennaro) was not sedimented. Similarly, in the standard
procedure tRNAs (and DNA) are not precipitated from
guanidine hydrochloride plus 0.5 volume of ethanol, as noted
by Cox (1968). ]

Since the early steps of the procedure are always carried
out in the presence of denaturants, swerile procedures and
glassware are unnecessary. but as soon as the RNA is no longer
in the presence of guanidine, stringent precautions against
adventitious nucleases must be taken.

Preparation of Polyadenylatied RNA. Polyadenylated
species were separated from rRNA by two cycles of binding
to oligo(dT)-cellulose (Type T-2. Collaborative Research,
Waltham, MA). The prosedure of Aviv & Leder (1972) was
modified by the use of 0.5 M lithium chloride, 0.2% dodecyl
sulfate. and 10 mM triethanolamine hydrochloride. pH 1.4,
as the binding buffer. For minimization of nonspecific ribo-
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somal contamin:  of the polyudenylated RNA. the samples
were heated for = min at 68 *C at 2 concenration of no more
than 2.5 mg/mL in sterile water and then rapidiy quenched
on ice immediately prior 10 the other additions listed above
and application to the column. Bound polvadenylated RN A
was cluted with 10 mM tricthanolamine hy  hloride. pH
7.4, without an intermediate 0.1 M sals wa._ .

Resolution Analysis of Isclated RN 4 Species. The mRNA
preparations were subjected 1o gel electropnoresis in 3% aga-
rose. 6 M urea, and 25 mM sodium citrate. pH 3.5, according
to 2 modification of the procedure of Woo et al. (1975).
Agarose was dissolved in buffered 6 M urea pius 0.02% An-
tifoam A by holding in a boiling water bath until uniformly
in solution and free of bubbles. The solution was poured at
30 *C and allowed to gel overnight at § *C. Cylindrical gels
were removed partially from their tubes. cut into 9&-mm
lengths, returned to the tubes, and held in place with gauze.
After application of & 20-ug sample 1o a $-mm diameter gel
in buffered urea plus 10% sucrose, electrophoresis was con-
ducted for 4 b at 100 V and room temperature with rapid
recirculation of reservoir buffer (25 mM citrate, pH 3.5). The
gels were washed for at least 1 h in sterile 25% glycerol and
scanned at 260 nm.

For analysis of electropharetically resolved mRNAs. agarose
gels were cut with a razor blade immediately after being
scanned and the slices were extracted 3 times each with a
volume of oligo(dT)—cellulose binding bulfer equal to the
volume of the gel slices at room temperature for 24 h. RNA
was recovered from the combined extracts by ethanol precip-
itation. The samples were dissolved in water, centrifuged to
remove particles of agarose. and analyzed by translation either
directly or after rebinding to and clution from oligo(dT)~cei-
lulose.

The RNA preparations were tested for biological activity
by translations in a ceil-free system as described by MacDon-
ald et al. (1977) after nuclease pretreatment according to
Pelham & Jackson (1976). 1n addition. cDNA was prepared
from these samples and hybridization analyses were performed
as described by Harding et al. (1977).

Results

Qur interest in specific pancreatic genes and their expression
has led to rather extensive investigations of methods for prep-
aration of biologically functional RNA from tissues rich in
RNase. A number of methods were tested: some were useful.
but none were found to be completely satisfactory.

An extensive analysis of the hybridization characteristics
of rat pancreas RNA and cDNA made from it with reverse
transcriptase has been published by Harding et al. (1977).
These experiments were conducted with RNA prepared by a
precursor to the present procedure, one in which the tissues
were homogenized in 7.5 M guanidine hydrochloride plus 1%
diethyl pyrocarbonate (Zsindely et al.. 1970). This procedure
gave undegraded RNA which. however. appeared to be par-
tially modified by the dicthy! pyrocarbonate {Ehrenberg et al..
1974). When rat pancreas RNA prepared with guanidine
hydrochloride plus diethyi pyrocarbonate was translated in
vitro, there was a marked lower efficiency of synthesis of higher
molecular weight polypeplides, especisily amylase. This effect
was much more pronounced in the reticulocyte lysate ihan in
the wheat germ cell-free sysiem of Roberts & Paterson (197)).
Attemnpts to circumvent this effect by scavenging unreacted
diethyl pyrocarbonate by adding excess 2-mercaptoethanol 30
s after the start of homogenization were unsuccessful. De.
creasing the initial concentration of diethyl pyrocarbonate oniy
resulied in partially degraded RNA. These deleterious effects

e
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nGURE 3: Scan at 260 am of a 3% agarose—6 M urea gel. pH 3.5
(Woo et al..

1975). A 40-ug sample of polyadenylated rat pancreas

s :’ RNA was run on a 6 X 98 mm gel. which was sliced as indicated.
Ficure 1: Scan at 260 am of electrophoresis of RNA on 4% acryl-
amide gel in 98% formamide (Pinder ¢t al., 1974). Direstion of ABCDEFGH T .

migration was (rom left 1o right. Upper trace: RNA prepared with
guanidinium thi te plus 2-mercaptoethanol by sthanol precipi-
tatica. Lower trace: RNA prepared by dropping & pencreas into
2 blender running at full speed at 4 *C conmaining 0.1 M sodium
acetate. pH §, § mM iodoscetate. 2 mg/mL heparin sulfate. and 0.5%
sodium dodecyl sulfate plus an equal volume of bulTer-saturaied phenol.

- -
b g 2
ESBBL nEx&&
- =t
- . [
1 o
o 80 _ . -It :es
- 50 = ani e == . . .
I 4.0k - noune 4 Transiational specilicity of pancreatic mRNAS resoived
) ...... = by agarose gel clocirophoresis. Autorsdiogram was prepared as in
- Figure 2. The in vitro transiations were performed on the entirc
w301 - B - campacted aliquots of RNA from the sices indicated i Figure 3. except
3 me = u -= for bands A and F of which only baif of the sliquot was translated.
« 25+ Tre—o® - Lane T contains the wransiation products of uafrastionsted pancreauc
< polyadenylated RNA.
-l
2 sk ™ - presence of intact 285 and 18S ribasomal RNAs in the sampic
}‘—‘J -pg prepared with guanidinium thiocyanate. The lower trace in
- - Figure | demonstrates the degradation of these species when
0 isolated by conventional phenol extraction in the presence of
2 = EE=R a panoply of ribonuclease inhibitors: heparin. iodoacetate. and
) sodium dodecyl sulfate. Electrophoresis in 3% agarose gels
::::\:; zén:‘loqm::‘ :'f l;:sm&mipe-\uhllﬂ gr‘umla:-‘ in 6 M urea, pH 1.5 (Woo ret al., 1975). gave results (not
purl NAS IR S reticulocy shown) very similar to those found with formamide gels. Be-
b o, N A sarpies (4l 13 described by MacDonaid e131  qween 1.0 and 1.5% of the toul RNA wis contained in the
adult pancreas (24 ug); NB, newborn pancreas (23 ugki 174, 17-day polyadenylated fraction after two passages over oligo(dT)-
embryonic pancreas (21 wg): 154, 1S-day embryonic pancreas (21 cetlulose (Aviv & Leder, 1972).
:ﬁ ‘l :dg;“l Sn*l!:'vy c‘t‘::??:;c l"l)l ﬁ%el}"l;.ﬁmm 5«7”3 The products of translation in vitro of RNAs isolated from
ult suomax (81 gz 205 u8): a variety of rat tissues with guanidinium thiocyanate are dis-
. K. adult kidney (27 ug): Pr. adult parotid gland (21 ug). played in Figure 2. The discrete. tissue-specific products seen
of diethyl pyrocarbonate led us to develop the improved for embryonic and adult rat pancreas. fiver, kidney. submax-
guanidinium thiocyanate method described here. illary, parotid, and HTC cell (a rat hepatoma cell line) RNAS
The recovery of RNA from adult rat pancreas by the indicate that the guanidinium thiocyanate procedure yields
guanidinium thidcyanate procedure (sce Experimental Proce- RNA suitable for protein synthesis.
dure) was ~20 mg/g of wet tissuc, varying by 10%. RNA The relatively simple‘set of proseins synthesized in vitro in

preparations had 2 Azown/ A2500m ratio of 2.1 or better, indi- Figure 2. lane Pn, suggested that polyadenylated pancreatic
cating low protein contamination. The DNA content was less RNA should contain a limited number of discrete messages.
than 0.5% by the diphenylamine assay (Burton. 1956). Total This was borne out by the profile of oligo(d T)-cellulose-bound
RNA prepared by this procedure was analyzed by electro- RNA on s denaturing agarose-urea gel (Figure ). When
phoresis under denaturing conditions in 4% acrylamide gels the indicated RNA peaks were cluted from the gel. they were
in 98% formamide (Pinder et al., 1974). Figure 1 shows the found 10 be enriched in their template activities for specific
absorbance profile of such a gel at 260 am. demonstrating the polypeptide bands (Figure 4). The major protein band in lane
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A has been demonstrated o bea . 2 ior (58000 molesular
weight) of a-amylase by specific if....inoprecipitation (Mac-
Donald et al.. 1977; Przybyla et al.. 1979). The RNA coding
for amylase (Figure J, pesk A) comigrated with 18S rRNA.
On the basis of the in vitro translation data and cDNA-
mRNA hybridization complexity (Harding & Rutter, 1978).
the isolated amylase mMRNA was judged 10 be grester than
$0% pure.

Since it is obviously not possible in this system to compare
the quality of the RNAs prepared by the guanidinium thio-
cyanate and conventional phenol methods, we have performed
comparative experiments using dog pancreas, which lacks
detectable levels of RNase A (Zendzian & Barnard, 1967).
Total polysomal RNA was prepared by conventional phenol-
chioroform extraction by MacDonald et al. (1977). The data
obtained for dog pancreas were very similar to those shown
in Figures 1-3 for rat pancreas. [n both species. a-amylase
was the dominant tissue-specific protein and its RNA comi-
grated with 18S rRNA. The patterms of the translation
products and of the polyadenylaied RNAs were similar. When
copied with reverse transcriptase, rat pancreas RNA gave the
highest incorporation of nucleotides per gram when the RNA
had been prepared with gusnidinium thiocyanate (0.13 amol
of PH]dCMP per ug of polyadenylated RNA) and the lowest
when prepared with guanidine hydrochloride plus diethyl py-
rocarbonate (0.06 amol of (*H)dCMP per ug). In comparison,
phenol-prepared dog RNA gave an incorporation of 0.11 nmol
of [*H)dCMP per ug. All pancreatic cDNAs displayed the
same size distribution on alkaline sucrose gradients.

When phenol-extracted dog pancreas RNA was hybridized
in excess to cDNAs made from RNA templates prepared
cither with phenol or guanidine hydrochloride plus 1% diethyl
pyrocarbonate, indistinguishable results were obtained. The
curves were very similar 10 those seen for rat pancreas RNA-
cDNA hybridizations (Harding et al., 1977).

Discussion

Because of the high concentrations of RNase and RNA in
the rat pancreas, polyanionic competitive inhibitors of RNase
such as heparin, polyvinyl sulfate, and macaloid (Parish, 1972)
cannot be brought practically to high enough concentrations
10 be useful. Similar limits to attainable concentration pre-
clude the use of antibodies against or protein inhibitors of
RNase (Brown et al., 1959; Gribnau et al., 1969). The well
characterized covalent inactivators of bovine pancreatic RNase
A such as 3-bromopyruvate and iodoacetate react much too
slowly 1o be of use (Heinrikson ct al., 1965). Diethyl pyro-
carbonate is an effective active-site histidine reagent against
pancreatic RNase, but unfortunately this reagent also modifies
nucleic acids (Ehrenberg et al., 1974). Such modification may
account for the loss of amylase mRNA translation activity and
template activity for RNA-directed DNA polymerase de-
scribed above. Diethyl pyrocarbonate has been reported to
destroy ovalbumin message activity (Palmiter, 1974). As
demonstrated by Figure 1, phenol plus sodium dodecyl sulfate
does not denature RNase sufficiently rapidly to prevent mas-
sive degradation of pancreatic RNA.

Although ribonuclease is the bane of molecular biologists,
it has been a boon to physical biochemists. 1t is a thoroughly
investigatod model of protein denaturation. The transition
state for denaturation of pancreatic RNase A is close to the
denatured state, o that reagents of increasing effectiveness
for equilibrium denaturation will denature with increasing
rapidity (Tanford, 1968). Thus. the half-life of RNase is 3
min in 8 M urea (Barnard, 1964) and 10 in 4 M guanidine
hydrochloride (Miller & Bolen, 1978). Both Von Hippel &
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\Vln_' '(1'964) a.  ‘astellino & Barker (1968) found that
gunmdzmun_n thiow 7anate was about 2.5-(old more effective on
4 molar basis than guanidine hydrochloride a3 1n equitbrium
denaturant. In the former sakk boh cation and anion are strong
chuuopu._ while in the latter only the guanidinium cation is
chaotropic and hence active in denaturati -encks, 1969).
Thus, it was expected on the basis of the rate «-pendensy upon
denaturant strength that guanidinium thiocyanate would be
a much more rapid denaturant of RNase than guanidine hy-
drochloride, thus permitting the isolation of intact rat pan-
creatic RNA without recourse to diethyl pyrocarbonate.

RNA prepared from pancress with guanidinium thiocyanate
can be transiated in vitro to give products (Figure 2) very
similar 10 those seen for phenol-isolated dog pancreas RNA
{MacDonald et al., 1977) and very similar to the contents of
pancreatic secretory granules (Przybyla et al., 1979). Since
a-amylase is the major secretory product of the pancreas. its
message should be an abundant polyadenylated species. Fig-
ures 3 and 4 suggest that this is the case. The 13S poly-
adenylated RNA (Figure 3, peak A) is the predominant com-
ponent resolved, although its abundance may be exaggerated
by contaminating rRNA. Hybridization between this purified
amylase mRNA and the cDNA made from it indicates that
the message is more than 80% composed of a sequence of
1500-nuclectide complexity, just large enough to code for the
pre-amylase polypeptide (Harding & Rutter, 1978).

1n addition to hybridizstion experiments with purified rat
pancreatic amylase mRNA, total rat pancreas RNA from
adults and developing embryos has been analyzed by cDNA
hybridization kinctics (Harding et al., 1978). In no case is
there any indication that isolation with guanidinium thio-
cyanate plus 2-mercaptoethanol introduces any snifactual
modifications into RNA or causes the selective loss of any
species other than 4S RNA. Recovery of RNA from the organ
was quantitative within the experimental uncertainty of such
determinations (Schneider, 1946).

RNA prepared with guanidinium thiocyanate from rat isiets
of Langerhans has been used to synthesize double-stranded
cDNA. When this DNA was inserted into a bacterial plasmid,
cloned, and analyzed, it was found to contain nucleotide se-
quences correctly coding for the complete amuno acid sequence
of rat proinsulin { (Ulirich et al.. 1977), thereby confirming
that the information content of the starting RNA was retained
during the procedure.

The predicted utility of guanidinium thiocyanate was fully
confirmed by the results described above; RNA isolated with
the reagent was physically intact and fully active in transiation,
specific message purification. hybridization, and recombinant
DNA experiments. The variety of tissues from which active
RNA has been obtained with this method (Figure 2) suggesis
that the guanidinium thiocyanate procedure offers & useful
alternative to phenol-based methods, particularly for nu-
clease-contsining ceils.
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Measurement of the Transcription of Nuclear Single-Copy

Deoxyribonucleic Acid during Chloroplast

gracilis'

Stephanie E. Curtis and James R. Y. Rawson®

ABSTRACT: The fraction of nuclear single-copy deoxyribo-
aucleic acid (DNA) transcribed at different stages of chloro-
plast development in Euglena gracilis (Z strain) was measured
by RNA-DNA hybridization. Euglena celis were grown in
a heterotrophic medium in the dark to stationary phase and
transferred to the light. Total cell RNA was isolated at various
stages of chloroplast development and hybridized in a vast
excess 10 'Hl-labeled single-copy DNA. The fraction of '¥1-
labeled single-copy DNA inthe form of 2 duplex was measured
by using S1 nuclease. The amount of RNA-DNA hybrid in
the duplex mixture was determined by correcting for the con-
tribution of DNA-DNA rensturation. The fraction of sin-
gle-copy DNA transcribed was calculated by multiplying by

Chlcmplasu arc complex organelles which require a mul-
litude of membrane structures. enzymes. and electron-transport

TFrom the Deparimant of Botany. University of Georgia. Athens.
Georgia 30602, Received May 22. 1979 recised manuscript receiced
September 12, 1979. This investigation was supported by a granmt from
the Nationai Sci Foundation (PCM17-0259) and & National bnsti-
tuies of Health Predoctorat Trainesship ($-T32-GMOT7103-03) 10 S.EC.

Development in Euglena

2 the amount of DNA in the form of an RNA-DNA hybrid
and correcting for the reactivity of the single-copy DNA probe
with total DNA. 1 dark-grown cells (i.e.. prior to the initi-
ation of chloroplast development), the complexity of total cell
RNA derived from single-copy DNA was 8.0 X 10 nucleo-
tides. After initiation of chloroplast development, the com-
plexity of the total cell RNA derived from single-copy DNA
first increased slightly 10 8.9 X 107 nucleotides and then pro-
gressively decreased to 7.4 X 10" and 6.4 X 10 nucleotides
after 12, 48, and 72 h of exposure to light, respectively. Total
cell RNA isolated from cells which had never been cultured
in the dark had & complexity of 6.5 X 107 nucleotides.

constituents to carry out phatosynthesis. The development of
a functional chioroplast from a proplastid. the progenitor of
chioroplasts. presents an interesting example of the need for
the coordinate expression and interaction of two distinct ge-
nomes within the plant cell. Both the chloroplast and the
nuciear DNAs contribute genetic information required for the
production of a photosynthetically competent organelle (Schiff,
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human Epo vs. Phe 91 in monkey Epo). This result
. points out the extreme specificity of mixed-sequence
short oligo probes and the requirement for exact aa
s e dats.
po obtained from mics, rats, sheep, rabbits, dogs
and baboons has been previously shown to compete
with human Epo for binding to anti-human Epo
antibodies (Garcis et al,, 1979). It is also well known
that human Epo is biologically active in mice and
rats (Anagnoston et al., 1978; Miyake et al., 1977).
These findings imply that some functional domein(s)
and antigenic determinant(s) of Epo have been highly
conserved during the course of mammalign evolu-
tion. With the exception of aa 28~35 and 83-123, the
aa sequences of monkey and human Epo are highly
conserved. The conserved regions may be involved
in determining the function and antigenic deter-
minants of the Epo molecule.
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