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Figure 5 of the Lee-Euang publication reveals that the 1400,

]
,b
”

encode human erythropoietin.

The 1772 base pair erythropoietin-encoding

sequence analyzed by Applicant and the three c¢DNA clones
isolated according to the publication are aligned for com-
parative purposes immediately below. 1In the illustration a
scale of lmm = 100 base pairs was employed and the position
of the erythropoietin polypeptide coding region is repre-
sented by a block.
Ervthropoietin cDNA (Lin, Jacobs, et al.)
Pstl Pstl Pstl PstI
(218) (301} (976) (1181)
: \!r J’ ‘I’ l 1772
| o re (?OlYA)
i Ervthropoietin Coding |
) i
DEp-1 €DNA - . ! 1400
Lee-Huang i |
| |
DEn-2 ¢DNA \ 1, €00
Lee-Huanc | l
| I
2Lo-3 cDNA | | 1 200
Lee-Huang |
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- will be recalled that cDNA transcription occurs from the
.' end of the mRNA and therefore the limear alignmen

illustration is premised on the assumption that the

o

kelihood 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 poxya.regxon of Applicant's messenger

cribed from a human genomic DNA sequence is quite small.

poeietin 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
PstI insert into the plasmid pBR322*, one notes from Lane 3

of Figure 5 of the publication that three fragments were

formed upon Pstl 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 onlv one PstI 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

cted by compurer and verified by actual digestion

See attached Exhibit No. 10 taken from Maniatis et al.,
“Molecular Cloning, A Laboratory Manual," Cold Springs
Harbor .aboratory, 1982, uhich graphically illustrates

the "standard" process carried by the Lee-Huang

publication for cDNA preparation and insertion into
pBR322 at its Pstl site.

- ;}I-
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experiments, however, dictates that at least three Pstl
recognition sites should be present in a 1400 base pair,
erythropoietin-encoding cDNA insert. Had the 1400 base pair
¢DNA 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

Four cDNA Fragments

1 ~425 <600 ~800 1400
lT | e JF
1 ~100 1400

Toesulew =1

ACTUAL Pstl Restriction Sites
Yield Upon Digestion = One Large (Plasmid) Fragment

Two c;NA 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 su
base pair changes are present to "kill" all three Pstl sites
on and "create" a new Pstl
site in a different location within the coding region, about

300 base pairs from the $' end. The likelihood that this

AM-ITC
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conclude that the accuracy of Lee-Buang'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

n vitro translation products which Lee-Huang's mRNA gave

rise to versus the calculated molecular wveight 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-
poné” in terms of molecular weight to preducts which would
e 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-Huanqg projected that

the M. 29,000 product was an "aglycosylarted" form of

reported to have an apparent molecular weight of 34,000.
The M_ 15,000 translation product was projected to be an
"aglycosylared" fragment of the larger polypeptide. How-

ever, calculation of the molecular weights of non-glycosy-

lated products of erythropoietin mRNA translation reveals no

AM-ITC
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prospect *“~t 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

[ ]
1

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 sequence, the molecular
weight of the resulting 166 residue species would be

18,399.

+1 . +1C6

MW = 18,399

| i

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

s | MW = 12,336

AM670140622 AM-ITC 00925289
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Clearly, aone of the potential translation
products of e-~ythropoietin mRNA correspond to Lee-Huang's
M 2500C translztion 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 cor_:itution of the D:... that encodes the huma
erythropoietin polypeptide (both revealed for the first time
by this inventor and subsequently independently verified by
others) fully supports the conclusion that the Lee-Huang
publication describes a “failed attempt” to clone and
€xpress human erythropoietin cDNA. This, in turn, provides
at least some evidence of the nonobviousness 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-

ticns cf 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 te 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 (EQrie, Published EPC Application 0,116,446), C-103

{Sue, et al., Proc.Nat'l.Acad.Sci.(USA). 80:3651-3655

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

69:181-186 (1983)]. 1In turn, *hese three were discussed at

£ the concurrently £iled Information

AM670140623 AM-ITC 00925290
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g

Disclosure Statement ac referencee which relate
thetic peptides having structures based on prior attempts at
identification of the seguence of amino acids at the amino
terminal of urine-derived erythropoietin®. At pages 5 and
6, under the heading "References Related to Isoclation of
Naturally-Occurring Erythropoietin by Immunological Means",
a2 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 thirty amino terminal amino acid residues obtained by gas

phase segquenator 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, e> al. and
Sytowski, et al., as a references relating to amino terminal
sequences of erythropoietin.

As "as,SDE-EQ§E—EEEE_£EE*§EEL_Et al. and Syrowski,
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 ({ProS designated as
20 Cys7 designated as "Leu"; Agn?¢ designated as "2";
- Thr?? designated as “Asp": and, Cy529 designated as

). For the same reasons as advanced in the Information

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

-‘38-

e
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pelieved to be relevant to natentabhility of the claimed

invention.

CONCLUSION

The foregoing amendments and remarks are beleived
to establish that pending claims 14 {amended), 15, 17-36, SB
and 61-72 are in condition for allowance and an early notice
thereof is solicite

Respectfully submitted,
MARSHALL, O'TOOLE, GERSTEIN,

MURRAY & BICKNELL
WY 74

By

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

Attorneys for Applicants

Two First National Plaza

Chicago, Illinois 60603

(312) 346-5750
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QUTLINE OF proc

mcczmm.vuanz~=wc IN L

BIDED IN LEE-HUANG, PRoC

+ NATL.ACAD. SCI . (USA), 81,

1) In vitre

g 8ize" {(p. 2712)

Two Polypeptides
a. 29,000 mw
b. 15,000 mw

3 "Positive" Clones

Expressing a fusion

product of inknown

MW which is Teactlve

with McaBp 717

NOTE; No pr .duct
Isola ed

In vitro translation
e

Translation
1 ca u.rn.h”on
Rena ' n {2) S8creen with
Cells T3 Total MRNA ' MCAB 747 S
(1) Make CDNA
{2) Insert into pBR322
—_ —
(3) Screen Colonies
with McaB 7p7
Assay
(1) Immy oblot 4 Polypeptide Products
(2) Competition
Negative — (2) 92,000 MW
Negative —_— (b) 66,000 uw
Positive -— {c) 29,000 Mw
Posltive -_— {d) 15,000 MW
"Probably close to codin

2708-2712 {1984)

Sizing of (a) Ep-1 {1400 bp)# ¢\

CDNA inserts(b) EP-2 {600 bp)

b

— (c) EP-3 (200 bp) ,
S
\ A
Y
Ar/.
Use cDNA clones
to select
total mRNA
Hybridized
mRNA <———— ]
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ENCCTING ERYTHROPOIETIN
BASED ON SPECIFICATION TABLE VI

-27 +166
—_ _y MW =21,310.23
+1 +166
— , MW = 18,399.11
+54 +166
My = .27
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- Argument Map in DNA Sirand nuis
L from the ‘Gecutter’ tile,
! Lttt Pt (IR N T
R HINDI11 STY1-1 WAE1-2 CFRI-Z BGL: CFRI-3 HGIC1TT™™
HG1J11-2 STUL NSPCy-2 AVAL -4 ACY1-4
MST) AVAl-4 SFI) SMAl HCIA-3 HAE)-;
APA1 BMAj BOCL1 APAL MAE11-4
HG1J11-4 CFR1-4 HGIJ11-4 KPN1
AVAL-4 XMA3 BSTER  HCICi-4
SMAL BSSHI1 NART psT;
PST1 SF11
BCL!
STY1-1
HINCT1-2 ACC1-2 TTHII12-4 "APAT HGICI-3 "STTT. 3~~~
HElg13-3 FMAE1-2 MCIJ11-3 AMAL! MC:J1:-2
PST1 PVvU11 HAE11-2 ACYi-§ HAE) -3
PVULL STU: NCO1 HG1J11-4
NSPC1-3 PST1 STY1-2 HCIA-4
HAE1-% BOL!1 HCIJ1i-1
HCIJ1-2 IHO2 -4
MClJ11-2 BSM1-Z
SAC!

! AACCTTCTGCGCTTCCACACCCAC:TACTTTGCCGAACTCACCAACCCACGCATCTCTGA
TTCGAAGACCCGAAGCTCTCCCTCCATCAAACCCCTTGAGTCCTTGGGTCCETACACACT

1 HIND11g,
€1

CTCTCCCCCCAACACCGCGATCCCCCCCACGCGACCTCTCCGCGAGCCCACCCTTT@CCA

CAGAGGGGGGTTC?CGCCCTACCGCGGﬁTiCCCTCCACAGGCCCTCCGGTCGCA&ACGGT

121

GATACCACGCTCCCCCAGTCCCAACCCTCCCCAACCGCCTCCACTCCCCTCCCCCCACCC

CTATCCTCCGAGGCGGTCACGGTTCCCACCCGTTGGCQGACGTGACCCCACCGCCCTﬁﬁﬁ

141 STY)1, 148 mMsT:.

te1

ACCCCCCCCCAGCACCCCCCATCACCCACACCCACCTCTGCACCAGCCCCGCTCACCCCC

TCCCCCCCCCTCCTCCGGG@?ACTCCGTCTCCCTCCACACCTCCTCGGGCCGACTCCCCC

- -~

182 APA1 MCIJ1:, i8S AVA: Smal,

218 PST1,

CGCCGAGQCTQAACCCAGGCCTCC?CCCCCTﬁﬁTCTGACCCCGCGTGGCCCCTACCCCTC

CCCCCTCCCACTTCCCTCCCGAGGACGGCCACCAGACTCCGCCCC&CCGGGGﬂTCGGCAC

257 HAEL STuUl, 280 AVAl SMAj,

251 NSPCI,

AM670140630

GCCACCCCTCACCC&CAC“GCCTCTCCCCCACCCCCACCEGCECACGCACACA GCAGAT
CGCTCCGCACTCCC?C?CTCGGACACGGGGTGEEFGTGCCCCCGTCCCTCTGTACGTCTA

2] 2%

- a
i

AM-ITC
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361 AACAGCCCCGAC’PfCGOCCACAGCCCCAGACTCCCTCL( SCGGCCECTCSCTCC
TTCTCCGGGQTC -uf' SGTCTCCCCGCTCTCAGGCACK e ~Sccccecacceacs

376 CFR1, 2., LFli, 400 BGLi, 407 CFR1 ‘1A3

421 GCTCCCCCGCACCG:GCTGTCCTCCCGGAGCCGGACCGGGGCCACCGCCCCCCCTCTCCT
cGACGCGGCCTGGCGCGACAGGAOGGCCTCGGCCTGGCCCCGGTGCCCCGCGCGACACCA

481 CCGACACCGCGCCCCCTGGAC“GCCGCCCTCTCCTCTAGGCCCCTGGGGCTGGCCCTGCA
GCCTGTGGCCCGSCGGACCTGTCS GCGGGAGAGGAGATCCCCCCACCCCCACCGGGACGT

320 BCL1,

S41 CCCCCGAGCTTCCCGGGATGAGGGCCCCCCGTCTGCTCACCCGGCGCGCCCCACGTCCCT
- CGCGGCTCGAAGGCCCCTACTCCCGCCCCCCACACCACTGCCCCGCGCGGGGTCCACCG“

5352 AVA1 SMAL, SE2 APAl HC1J11, S7”S BSTEZ2, 584 ESSH11,

6501 GAGGGACCCCGGCCAGGCCCGGAGATCGCCCTCCACCAATCTCCTCCCTGGCTGTGGCTT
CTCCCTGCO?CCGGTCCCCGCCTCTACCCCCACCTCCTTACACCACGGACCGACAQ;CAA

610 CFR1, 621 HCIA,

CCTCCCACTCCTOCCCCLCCCACCACEEETC

e€1t CTC’TGTCCCTGCTGTCG.TCCC
{elvle AGGCT»ACGACC”CCCCCCTGGTGCGCAu

CCACAGGCACCACACCCA

ﬂﬂ

GG
703 ACY! HAEL! HWGIC1 NAPY,

T2! ATCTCTGACAGCCGACTCCTGCAG&CCTAC»TCTTCCACCCCAAVGAGGCCGAGAATATC
TACACACTCTCCGCT:ACJACCTLTCCATCCAGARCCTCCGQTTCCTCCCCCT”*TATA‘

.

746 HGIC1 KPNi, TS8 MAEl1, 7S3 SFli, 760 BGL1, 761 STYI1,
781 ACCACCGCCTGTCCTUAACACTGCACCxTCAATCACAATATCACTpTCCCAcACACCAAA

lu:TC:CCCALACGnCTTGTGACCTCGAALTTACTCTTATAC*CACA CCTCTCTCCTTT

891 PsTI,
. 841 PTTAA*’TC?ATCCnluvHHUﬂUUH.uhﬂGGTeﬁCcc“ccACGCCCTAGAACTCTCCC“C

CAATTAAACATACCCACCTTCTCCTACCTCCAGECCETCETCCOCCATCTTCAGACCETE
. acC: CCCCTCGCCLTGCTGTCGGAAGCTCTCCTGCGGGGCCACCCCCTC TGCTCAACTCTTCC

CCCCACLGCLACCACACL CTTECACAGCACE CCCEOTCOG0CACAACCACTT

ACAACCACTTCAGAAGG
949 HINCI1L,

ELH CAGCCGTGGGAGCCCCTGCAGCTCCATGTGG&TAAAGCCCTC&CTCCCCTTCCCACCCTC
CTCGGCACCCTCCCCGACGTCGACCTACACCTATTTCGGCACTCACCGCAACCCTCCCAG

970 HGIJ11, 976 PSTL, 979 PVU11, 984 NSPCH, 1005 HAE1L,

1021 ACCACTCTGCTTCGCGCTCTCGGACCC’AGAAGGAAGCCATCTCuCCTCCACATCCCCCC
TCCTCACACuNHVLbLURUHMC:TCGC:TCTTﬁCTTFCGTAGAPCCCACCTCTACCCCCC

1034 HCIJ11, 1043 HCIJ1Y,

- 1081 TCACCTCCTCCACTCCCAACAA*CACTEC-GACACxnluuuCﬁiiLTuTTCﬁﬁ
CcC

AC
ACTCCACCACCTCACCCTTCTTAGTCACCACTCTGAAAGCCCTTTGAGAAG rc ATC

- 1082 PVUL1, 1135 acli,
141 TCCAATTTCCTCCCCCCAAAGCTGAAGC TCTACACAGGCGAGCCCTGCAGCACACEECAC
- ACCTTAAAGGAGGCCCITTT ‘-bRCTTCGACATGTCTC"CCTCCCGACCTCCTGTCCCCTC
1181 HAE1 STU1, 1185 PSTI, d(po

AM670140631 AM-ITC 00925298
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1201

- 1261

1321

1381

1341

1501

wn
2

ACATCACCAGCTCTCTTCACCTCCCCATATCCACCACET! JLCACCAACATTECTTETE
TCTACTGCTCC/ C++GCTGCACCCCTATACCTCETER AGTGGTTCTAACCAACAC

1253 TTHI1I2,

CCACQCCCTCCCCCGCCACTCCTBAACCCCCTCCAGGGGCTCT‘ACCTCAGCCCCACCCT
GGTGTGGGAGGGGCCCCTGACCACTTCGGCCACCTCCCCGAGACTCGAGTCGCCGTCCCA

1297 HClJ11, 1310 HAEL1l,

GTCCCATGGACACTCCACTDCCACCAATCACATCTCAGGGGCCACAGGAACTGTCC“GAG
CAG;CThCCTGTCAGGTCACCCTCGTTACTCTACACTCCCCGGTCTQGT?GACAGGTCTC

1324 NCOL STY!,

AGCAACTCTGACATCTAAGCATGTCACACGCCCAACTTCACCGCCCACAGCACCAAGCAT
TCCTTCACA’TCTAG&TTCCTECéCTﬁT‘ﬁCCGTTGAACTCCCGCCTCTCGTCCTTCCTA

“

1391 BGL11 XHO2, 1421 APA! HGIJ11, 1437 BSM1,

TCACACACCACCTTTAAACTCAGCGACAGAGCCaTCCTCCCAAC&CCCCTCACCTCACTC
AGTCTCTCCTCGAAATTTGAGTCCCTGTCTCGGTACGACCCTTCTGCGGRCTCGAQTGAG

1452 AHALL11, 1484 ACT1, 1491 HCIA MGIJ11 SAC1,
CCCACCCTCCAAAATTTOATGCCAGGACACCCTTTCGAGCCCATTTACCTGTTTTCCCAC

[l ok T otel

_;u.uuCACCTTTTAﬁACTﬁCEﬁTﬁCT@TGCGAAACCTCCGCTAARTGGACAAAACCCTG

1501 =G1IC:.,

CTAC:ATCAGGGACAGCATGACCTCCAEAACTTACCTCCCAAGCTGTGACTTﬁTCCAGGT
GATGCTAGTCCCTCTCCTACTCGACCTCTTCAATCCACCCTTCGACACTCAAGAGGTCGA

CTCACCCCCATCCCCACTCCCTTGGTGGCAAGAGCCCCCTTGACACCGGGGTGGTCCCAA
CﬁCTCCCCCTAC::GTCACCCAACCAFPETTCTCGGGC:AACTCTCCCCCCACCAC:CTT

i64D STYL, 1652 mGlJ:it,

CCATCAACACACGATGCGGCCTCGCCTCTCCCTCTCATCGGCTCCAACTTTTGTGTATTC
CCTACTTCTCTCCTACCCCCGACCGGAGACCCAGAGTACCCCAGGTTCAAAACACATAAG

iTO0Z HAEL,

TTCAACCTCATTCACAAGAACTGAAACCACCAAA&AAAAAAAAAAAAAA
AAQTTGGAGTAACTGTTCTTGACTTTCCTCC.|l.litlllllllllll

Page 16 of 26
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Isolation of Biologically Active Ribonucleic Acid from Sources

. H H ameat
Enriched in Ribonuclease’

Jobn M. Chirg: ...* Alan E. Praybyla.! Raymond J. MacDonald ! and William J. Ruster~

ABSTRACT: Intact ribonucicic acid (RNA) has been prepared
from tissues rich in ribonuclease such as the rat puncreas by
efficient homogenization in 2 4 M solution of the potent protein
d suanidinium thiocy Plus 0.1 M 2-mercapto-
ethanol to break protein disuifide bonds. The BNA was is0-

T

ALhe preparation of undegraded ribonucleic acid from 3 aum-
ber of cell 1ypes i indered by the presence of active nucieases.
An extreme cxampic of this is the rat pancreas which

hledlmo(pmeiubynhulwuﬁpimhaorbym' -
tation through cexium chioride. Rat pancreas RNA obtained
Q}'g-‘-—.“-ﬂs-‘-‘i*’—*ﬁiﬁiﬁimiﬂl&ﬂﬁ‘l&ﬂ
of a-amylase messenger ribonucieic acid. .

We describe here & generally applieable method for the
quantitauve isolation of intact RNA. The rate of denaturation

over 200 ug of nbonuciease A per 8 of tissue wer weipht
(Beintemna et al.. 1973). Within the pancreatic exocrine cells,
ribonuclease A as well as other digestive enzymes and 2vme.
8ens appears (0 be synthesized on ribosomes bound 1o the
cytoplasmic face of the endopl 1 i ded di-
rectly into the cisternal side. and subsequently packaged in
secretory granules. Thus. the functions of the cytasol are
effectively sequestered from these strong hydrolytic activitics.
Disruption of the cells, however. inevitably results in rapid
mizing of RNA and RNase.'? One way to eliminate nu-
cleotytic degradation of RNA 1s to denature all of the cellular
proteins including RNase. This approach would be successul
oniy if 1ne rate of denaturation exceeds the rate of RNA
hydrolvsis by RNase. Deproteimzation procedures using
guamdine hydrochloride (Cox. 1968) or phenol even in the
prosence of R Nase inhibitors such as heparnin, iodoscetate, and
detergent (Parish. 1972} are mnsuff; flecuve to vieid
intact RNA from the pancreas.

8 imized by the combined use of a strong denaturant,
guanidimum thiocyanate, in which both cation and snion are
potent chaotropic agents (Jencks., 1969), and a reductant 10
break protein disulfide bonds which are essential for RNase
activity (Sela et al., 1956). This method has been employed
in thenohlionorinnnbido.iuuyfnaqiuanNAfmm
pancreas and the purification of mRNA for a-amylase, the
most abundant pancreas-specific protein (Sanders & Rurer,
1972).

Experimental Procedure

Chemucais and Solutions. All slassware was rendered nu.
cicase fres by overnight treatment at 180 *C. Whenever
possible fsee Ehrenberg ct al. (1974)}, s1ock solunons were
treated for 20 mun with 0.2% diethy! pyrocarbonate and then
thoroughiy boiled to remove traces of the reagent. Buffers
such as teis(hydroxymethy b which contains 2
primary amine that reacts with diethyl pyrecarbonate, were

avorded.

* From e Depariment of Biochemusiry and Biopnysics. Lnwversans of
California. San Francusco. Califorma 94143, Recerced Jume 11,1970,
recised manuscripl recewed Augest 271970 The work was supporied
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¥ Presest address. Depariment of Amatomy. Washengion Lniversiny
Schoal of Mediane. St. Loun. MO 63110

¥ Present address: Dy af B v L
Athem. GA 30602

" Present address. Department of Brocnemisiry. L owerues of Tonas
Heal:h Scence Center. Dailas. TX 7523

v of Georgia.

Guanidinium thiocyanate stock {4 M) was prepared by
mixing 50 g of Fluka purum grade guanidinium thicyanate
(Tridom. Inc.. Hauppage. NY) with 0.5 g of sodium N-lau-
roylsarcosine (final concentration 0.5%). 2.5 m
dium citrate. pH 7.0 (23 mM). 0.7 mL of ercaptocthanol
(0.1 M). and 0.3 mL of Sigma 30% Antifeam A (0.1%).

| 3 brwel aoie deseribing a versian of this metbod has been published
(Lhinch et al.. 1977

¥ Abbretons used: RNase, rib mRNA, ager nbo-
nucieis acd. cONA, X' acd.
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Deronized water was added witi! v ming and stirnng until
the volume equaicd 100 mb ai room iemperature. The solu-
tion. which contatned some insoluble material. was (iliered.
its pH was adpusted 10 7 with 8 small amount of | N NaOH.
and it was stored tightly closed for up 1o | menth at room
temperature. Al handling of this sofution 3nd the initial
homogesizi ... ~-. & donc in & lume nood, and all equipment
which RImC suee with 2 ) was subse-
quently iresteu with dilute aqueous hypochlonte soluton
(chiorine Lyundry bieach).

Gusnidine hydrochioride (Sigma practical grade) was made
up to 7.8 M._ filtered. neutralized 10 pH 7.0. bulTered with
00"5 volume of 1 M sodium citrate, pH 7.0. made 5 mM in
cither dithiothreitol or dithioerythritol, and stored for up to
1 month at room temperaiure.

Standard Guanidinsum Thiocyanate Extraction Procedure.
Freshly removed pancreases were tnmmed frec of lymph
nodes. ganglia. and fat. weighed (the pancreas from a 300-g
female rat werghs ~ | g). and then individually dropped nto
16 mL of guamdinium thiocyanate stock solution in a 55-mL

Bgtier—Elvshism homasemzer tube and immediately homo-

Potter-Elvehjem homogentzer tube and immediatel
genzed for 30-60 s at full speed with an 18-mm dummr
Tissumuzer homogenizer ( Tekmar industries, Cincinnat, OH).
The homogenates of two pancreases were combuned in 2 50-mL
tube and centrifuged for 10 min at 8000 rpm in 2 Sorvall HB4
swingng bucket rotor at 10 *C 10 sediment particulate ma-
terial. The supernatants were decanted into a flask and mixed
with 0.02% volume (refative to the original volume of homo-
genizing buffer) of 1 M acetic acid 10 lower the pH from 7
to % and 0.78 volume of absolute ethanol. The flask wag
capped. shaken thoroughly. and placed a1 -20 *C overmght
1o precipitate nucieic acid. The matcnial was sedimented by
cemrifugation for 10 min at =10 *C and 5000 rpm in an HB4
rotor. The tubes were drained of supernatant and any materal
which did not form a firm pellet. The pellet was then resus-
pended by vigorous shaking in 0.5 voiume (relauve to the

oniginal volume of homogenuzpon buffer) of buffered guani-

SIDENILM THIOC Y ANATE
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tubes mnan H. . The pellets were Ihetou‘hlv -uhcd
with 9% ethanol cned with mitrogen. aad ¢ wio

mL of sienle water per g of mmug nssue. Absorbwmce

ments were ob d by diluuag the RNA solutons
110 10 mM wriethanolamne hydrochioride. pH 74. An £, "™
of 200 31 260 nm was used 10 determine the concentration of
RNA. The RNA sampies were routinely stored a5 70 etha-

aol cusmension st oM § and =20 °C.

All of the extraction procedures were routinely carried out
n pol)tthykne. polvpmpykue. or C«u ecnml’nge wdes.

lted 1n 3

lu;n rate or Hilure for polyarbmu tubes.
1n view of the large amounts of riboaucicase 1n the guanidine
homogenates and supcrnatants, it was imperative that no con-
non of any gl or chemicals by these solutions
be permitted. Ddulmd:duﬁuuefdmund RNase results

Y

in remmrum Ol m:mm w \ae- & IL 1799). .

A modification to the sbove procedure in which the RNA
is separated Irom the guanidinium thiocyanste homogenate
by ultracentrifugation through & dense cushion of cesium
chiaride (Gliein o1 2l 1974) was sussested by Dre, A, Lillrich,

chioride (Glian o1 al., 1974) was sugsested by Dr. A, Lillrich.
For this procedure. technical grade cesium chlonde was made
up (0 5.7 M. buficred with 0.1 M sodium cthyienediamine-
tetraacetate, pH 7. or 25 mM sodium acetate or citrate. pH
&, sterilized with 0.2% diethyl pyrocarbonste, and passed
through 2 0.45-um Millipore filter. Small amounts of tissug
were homogenized in 4 M. filiered suanidinium thiocyanate
with 3 small Tissumizer or Potmﬂnhm and layered into
ultracentrifuge tubes one-quarter filled with 5.7 M cesium
chigride. In 2 tymical sxveriment s Reckman SWSO.1 ruter

chicrids. Ina typical sxpsriment o
was centrifuged for 12 h at 36 000 rpm and 20 *C. Dissoiution
of the RINA pelicts in water was facilitated by bricf beating
in 2 68 *C water bath or by first extracting excess cesium
chioride with ethanol and drying with nitrogen. Since the
supernaiants in these experiments could contain large amounts .
of renaturahle nucleate, great care was taken not to contam-

nate the pellews during their dissolution. This danger could

dine hydrochioride stock v, the pl
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) 0.025
volume of | M aceuc acid and 0.5 volume of ethanol. The
sotution was kept jor at least 3 hat =20 *C and centrifuged
as vefore. A final reprec:piiauon from guamdine hydroc.tonde
wag performed 1n the same way. with a further halving of the
totai voiume. This repreclplmed matenial was centnifuged
for oniy § min 3t 6000 rpm. From this point onward all
procedures were carned out under stenie condstions to prevent
nuclease conamination.

The final pellets were dispersed in ethanol at room tem-
re. triturared if necessary to extract excess guamdine

hydrochlonde. and again cenmfuged for & mun at 6000 rpm.
Ethanol was removed irom the peliet by a stream of mitrogen.
and the RNA was dissolved with vigorous shaking in 1.0 mL
of sterile water per g of onginal tissue. This solution was
centnifuged for 10 min at 13000 rpm and 10 *C to sediment
msoluble material. The supernatants contaimng the RNA
were decanted and saved. while the insoluble materal was
resutracted twice with 0.3 mL of stenie water per g of oniginal
tissue wet weight. followed by r»mnfna-nmr for 10 mun at
13000 rpm and 10 °C. The combncd aqueous solution was
muxed with 0.1 volume of 2 M potassium acetate, pH £, and
2 voiumes of ethanol and leit overmght at -20 *C.

RNA was sed d from the ethanol bv cen-
tnifugation for 20 min at 10000 rpm ang -10 °C in Corex

-

be cir d by suspending the petlets in a small volume
of buffered guanidine hydrochioride stock solution and pre-
aipratng the RNA with ethanol as described above. Cesium
chioride has been used for the preparation of samples of less
than 100 ug of embryomic RNA (Harding et al.. 1978) and
ior the isoiation of rat paroiid RNA free from polysaccharides
{Swain and Runer. unpublished expenments). When the
maximum ro10f speeds per ble for dense cesium chloride

solutions are calculated, aliowance must be made for the spee

cific gravity of the guanidinium thiocyanaie homogenates.
which 1s between (.1 and 1.2 g/mL.
Procedural Anecdotes and Variatioas. A large number of

different expenmental procedures were tested before reaching
those deseribed above. A af aur 8 given

nose described above. v of our etpenence
here to facilitate adaptauon of the procedure 10 other systems.
First. tae prevention of degradation by ribonuclease is de-
pendent upon the efficiency of the imtual seconds of the homo-
genization. For this reason, we have used the high-speed

Tissumizer: the similar Polytron (Brinkmann instruments,

Westbury. NY) undoubtedly would be satisfactory. The use
ol a convenuional biender or the homogenization of tissue which
has peen irozen and thawed or of ussue which has been pul-
verized in iquid nitrogen resulis in degradation of the RNA,

as detected by the diminution in the 28S peak height and the
concomitant appearance of lower molecular weight speaes on
clestrophoresis in d ring gels. H . rat pa

which have been Ivophilized after pulvenzation ia dry ice or
liquid nitrogen can e satisfactorily extracted with the guani-

AM-ITC 00925302

Page 19 of 26



Case 1:05-cv-12237-WGY Document 312-24

AM670140636

ARREININS. © -

o AL SR 8 0 s O O IO SO

3296 SI0THENIMTR:

dimum thiscyanate procedure. ;, augnificant
nucleotytic acuvity. conditom - ~MOgenranian are legs
snngent. Embryonic pancreases can be prepared with 2 small

Posier-Elvehjom bomogenizer. 4nd for some cultured ceils 1m0

homogenization 15 needed since the cells Ivse upon additi

CHIRGw ), przs-
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somal conamin.  of the palyadenylated RNA_ the umple
=272 hegied fof - Mo al 8§ *C at & concemranon of no more
than 2.5 mg/mL 1n sienie water and then rapudly quenched
mnammwymmmmmimwam

of the guanidine solution {Harding et al.. 1977; Sirohman ct

b smea
al., i%77).

and appi 10 the col Bound potyadenylated RNA

was cluted with 10 mM metlunnl;mmr: hydrochionde. ot

yerecalange, pit

1.4, without an intermediate 0.1 M salt wash

The reprecipitations of the RNA aid to elims imsady
! d nd k from the nucleic acud peilers. Thus.

these sieps can be varied according 10 the specific carcum-
sunces. The pH and temperature of the initial homogeniza-
uon, 7.0 and ~20 °C, are optimal, but some vanatwas can

Py Py o af ihe fes .-

. - G
OF IRCTICE. 176 UIC Of (nC

is not 1 but gives a cleaner initial precipitate
dRNAwmyMgmmMMMolthem

af Joalae st Mot . o
A-l---v’

Analyss RiVA Species. The mR. A
preprrations were subjected 10 gel electropaoresis in I Aga-
rose. § M urea. and 25 mM sodium citrate, pH J.5. according
10 3 madification of the procedure of %oo ¢t al. (1975).
Agarosc was dissolved in buTered 6§ M wrex plus 0.02% An.
tifoam A by hoiding in 3 boiling water bath uatil uniformiy
1 solution and free of bubbles. The soluti was poured at
30 °C and allowed 10 gei overnighy at § °C. Cylindrical gels
were d

The 2 P is for tnsue '}
RNase, but increasing its concentration beyond 0.1 M final
concentration has no effect. Dithiothreitol can be used with
the guanidine hydrochloride s1ock as a disulfide bond reduc-
unt, but it undergoes 3 chemical reacuon with the thiacyanate
amon to produce hydrogen sulfide and a green color.

The use of pH 7 and oo temperature 1o dissolve the RNA
and of pH 5. -20 *C, and the addition of 0.5 volume of ethanal
10 precipitate it [ollow the recommendation of Cox (1968) for
guanidine hydrochloride. It is exsenual 10 determine empiri-
cally the time necessary for complete precipitasion of given
RNA sample a1 -20 *°C [viz.. Strohman et al. ( 1977).

o this = &an oc accei i by the use of
2 X crushed sce-rock salt bath. It is also advisabie to
maintam RNA concentratons above 25 ug/mL in guandine
solution. Tissue can be homogentzed in as littic as 4 volumes
of 4 M guamdinium th; but the resul lution
may be 100 viscous to permit easy sedimentation of the RNA.
The initial precipitation described above uses 0.75 volume of
ethanol relative to guanidimum thiocyanate stock: this pre-
cipitates some DNA (eliminated by the reprecipitavions) as

well 2s RNA (Cox, 1968 bui is RECESSATY 10 prevent guam-

Cooling o this can be
3

di thiocy from ervsuallizing out of sol at-20
*C. It 15 convenient 1o decrease the volumes of the successive
ipitations Lo ate the RNA. Inclusion of 3 final

;rpmc solvent extraction step. for exampie. with phenol or
chioroform. or of a 3 M sodium acetate precipitation at pH
{Kirby. 1968) ic unnecectary

Some ussues may non-RNA molecules which co-
precipitate with RNA by the methods deseribed. necessiating
further purification. We have, howsver, not encountered such
contaminants in the ussues listed in Figure 2o =1 . ---
spiecn. or muscle. Linder the described condivions o1 centri-
fugauion, 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
guamdine hydrechloride plus 0.5 volume of cihanol. as noted
by Cox (1968).

Since the eariy steps of the procedure are alwavs carried
out i the presence of denaturants, sterile procedures and
glassware are unnecessary. but as soon as the RNA 15 no longer
1n the presence of guanidine. stringent precautions against
adventitious nucleases must be taken.

Preparation of Polvadenviated RNA Polyadenyiated

species were separated from tRNA by two cxcles of binding -

to ohgoidT)~eliuiose (Type T-2. Collaborauve Research.
Waltnam. MA). The procedure of Aviv & Leder ¢ 1972} was
modified by the use of 0.5 M lithum chioride. 0.2% dodecyl
sulfate. and 10 mM tricshanclamine hydrochiorids. pH 7.4,
as the tunding buffer. For mimmization of nonspecific ribo-

spec|

7%

partially from their tubes, cut .10 98-mm
mwggmﬁag%&.ﬁeﬁhym.
After application of 2 20-xg sampic to a S-mm diameter gel
in buffered yrea plus lmmmmm-
ducted for 4 b at ImVanﬂmmnmmnvithrapid
recirculation of reservoir bufler (25 mM ciirate, pH 3.9). The
stis were washed for at lesst | h in sterile 25% giycerol and
scanned at 260 am.

For analysis of electrephoretically resolved mRNAs, agarose
gels were cut with 2 razor blade immediately after being
scanned and the slices were exrracted ) imes each with 3
volume of oligo(dT)-celiuiose binding bulfer equal to the
volums of the gei siices at room temperature for 24 b, RNA
was recovered from the combened extracts by ethanol precip-
nation. The sampies were dissolved in water, centrifuged to
remove particies of aga. and analy lation either
directly or after rebinding 10 and elution from oliga{dT)—ce!.
lulose.

The RNA preparations were tested for biological activity
by translauons in 3 cell-frec system as described by MacDon.
id et al. {(1977) after nuciease pretrestment according 1o
Pelham & Jackson (1976). In addition. cONA was prepared
from these sampies and hybridization anaiyses were pertormed
as described by Harding et al. (1977).

Results

Qur imerest in specific pancreatic genes and their expression
has led t0 rather ga hods for prep-
aration of biologicaily functional RNA from ussues rich tn
RiNase. A number of methods were tested: some were useful,
but none were found to be completely satsfactory.

An extensive analysis of the hybtidization characteristics

- -t pancreas RNA and cDNA made from it with reverse
iransenptase has been published by Harding et al. (1977).
These expenments were conducted with RNA prepared by 2
precursor to the present procedure. one in which the tssues
were homogenized i 7.5 M guanidine hydrochioride plus I
diethyt pyrocarbonate (Zsindely et al., 1970). This procedure
gave undegraded RNA which, however, appeared to be par-
ually modsfied bv the diethyl pyrocarbonate {Ehrenberg et al..
1974). When rat pancreas RNA prepared with guamdine
hvdrochlonde plus diethyi pyrocarbonate was translated in
vitro, there was a marked lower efficency of synthesis of higher
molecular weight poiypepuudes. especially amylase. This efiect
was much more d in the vie lysate than in
the wheat germ ceil-free system of Roberts & Paterson (1071;.
Attempts to circumvent this effect by scavenging unreacted
diethyl pyrocarbonaie by adding excess Z-mercaptocthanol 30
s after the start of homogenizaton were unsuccessful. De-
creasing the wtial concentration of diethyl pyrocarbonate only

oA

fesulted 1n parualiy degraded RNA. These deictenous effects

Lo
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neaas 1@ SanuzwmdmdeNAmuaml-
amsde gel in 98% formamide (Pwnder &1 al. i974). Direwteon of
mgration was (rom wedu 1o cight. Upper trace: RNA prepared with
¥ d us 2 1 by sthanol precips-
wuon. Lower trace: lNAmnlbydmuaumwuw
» biender ruaning at full speed at 1 °C comtsiming 0.1 M sadiem
.uni.ﬁ-’s.ﬁ.—-ﬁm___m;glnl,.hunudhmwﬁh
wwm&nummdunemumu.
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PoLRE D AUDT of [1*Simethronine-labeied pept.des syn-
thesized fram put NAS 10 a rabout reuculocyte iviate 1Peiham
& Jacasom, 9761, Analysis was as descrined by MacDonaid et 3l
119773 Total RNA sampies 1all [rom rat) were the following” Pn.
adult pancreas (24 up); NB. newborn pancreas 123 wgh: 174, 17-day
embevonic pancreas (21 ug): 154, 15-day embryomic pancreas (21
ug). 154G, 15-day embryonc gut wg): L. adult liver (40 ugX: S,
2dult submaxillary giand (41 sgh TC. hepatoma cell line 137 ug).
K. adult kdney (37 sg): Pr.adult paroud gland (21 ug)

of diethvl pyrocarbonate led us 10 develop the improved
guamdinium thiosyanate method described here.

The recovery of RNA from adull rat pancreas by the
guanidinum thiocyanate p 1sec Eaper 2} Proce-
dure) was ~ 20 mg/ g of wet nssue. varving by 10%. RINA
preparations had 3 Azgonm/ Azeomm FILIO of 2.1 or better, indi-
caung low protesn CONLIMINALON. The DNA content was less
than 0.5% by the diphenylamine assay (Burton. 1936). Total
RNA prepared by this procedure was analyzed by clecrro-
phoresis under denaturnng conditions n 4% acrviamde gels
1 98% formamide (Pinder et al 1974). Figure 1 shows the
absorbance profile of such a gel at 260 nm. demonstraung the

SEDIN LM THIOCY aNATE
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FIGURE ). Scan at 260 am of & 3% agaroecs M sre2 s
{Wooet al.. 1975). A 40-wg sample of poi viated rat pascreas
RNAvumonlblnmwl.-h:hnnmdumd ted

£

ABCDEFGH T

tic mRNAS resotved
by aga get = . was preparcd as n
Figwre 2. The in ritro trarslavons were performed on the enlifc
eatracad aliquots of RNA fram the siiom indicated in Figure ). except
for bands A and F of which enly half of the ahiquot was transiatec
Lare T the 1 products of eafracnonaisd pancreatic
polyadenvisted RNA.

nGure 4 Transiauonas) specificity of
ol ol A d

presence of intact 285 and 185 ribosomal RNAs in the sampie
prepared with guanidinium thiocysnaie. The lower wace a8
Figure | demonstrates Lhe degradation of these species when
\solated by conventional phenol extraction in the presence of
2 panoply of ribonuciease inhibitors: heparin, iododcerate. and
sodium dodecy! sulfate, Electrophoresis in 3% agaross gels
in 6 M urea, pH 3.5 (Woo et al. 1975). gave results tno:
shown) very similar to those {ound with formamide gels. Be-
\ween 1.0 and 1.5% of the total RNA was contained 10 the
polyadenylated fraction after two passages over oligo(dTi-
cellulose (Aviv & Leder. 1972).

The products of translation ia vitro of RN As isolated from
a vaniety of rat tissues with guanidinium thiocyanate are dise
played 1n Figure 2. The discrete. tissue-specific products seen
for embryonic and adult rat pancreas. liver. kidney, submax
liary, parotid. and HTC cell (a rat hepatoma cell ine) R%As
\ndicate that the guanidinium thiocyanate pracedure vields
RNA suitable for protein synthesis.

The relatively simple set of protens svnthesized In vitro in
Figure 2. lanc Pn, suggested that polyadenytated pancreatic
RNA should contain a limited number of discrete messapes.
This was borne out by the profile of oligo(d T)-cellulose-bounc
RNA on a denatuting agarose—urea gel (Figure 3). When
the ndicated RNA peaks were eluted from the gel. they were
found 10 be enriched 1n their template actvitics for speciiic
polypepude bands (Figure 4). The maor protem band in kanc
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Measurement of the Transcription of Nuclear Single-Copy
Deoxyribonucleic Acid during Chioroplast Development in Euglena

gracilis'

alcpname E. Curtis and James R. Y. Rawsor®

ApSTRACT: The fraction of nuclear single-copy deoxyribo-
nucieic acid [ DNA) transcribed at different siages of chloro-
plast development in Zuglena gracilis (Z sirain) was measured
5y RNA-DNA hybndization. Tugien -*lis were grown in
a heterotrophic medium in the dack 10 statonary phase and
transferred 1o the light. Total cell RNA was isolated at various
stages of chioroplast development and hybridized 1n 3 vast
excess to ']-labeled single-copy DNA. The fraction of 1.
labeled single-copy DNA tn the form of 3 duplex was measured
by using S1 nuclease. The amount of RNA-DNA hybrid in
the duplex mixture was determined by correcung for the con-
tribution of DNA-DNA renawravion. The fracuion of sin-
gle-copy DNA transcribed was calculated by multiplying by

Chlorophm are complex organelies which require a mui-
utude of membrane structures. enzymes. and electron-transport

2 the amount of DNA in the form of an RNA-DNA hybnd
and correcting for the reactivity of the single-copy DNA probe
with total DNA. In dark-grown ceils (i.c.. prior to the imti-
auon of chioropiast devel~~==nt), the compiexity of wuai czii
RNA derved from single-copy DNA was 8.0 X 107 nucleo-
tides. After initiation of chioroplast development, the com-
plexity of the total cell RNA derived from single-copy DNA
first increased siightly 1o 8.9 X 107 nucleotides and then pro-
gressively decreased 10 7.4 X 107 and 6.4 X 107 nucleouides
after 12,48, and 72 h of exp to light, resp . Total
cell RNA isolated from cells which had never been cuhured
1. the dark had a complexity of 6.5 X 10" nucleotides.

constituents 10 carry out photosynthesis. The development of
a functional chlioroplast from a propiastid. the progenitor of

*$rom she Department of Botany. Lawersny of Georgra. Alhens.
Georpra 30602, Receiced May 223, 1979; revrsed manuscrps secewed
Sepiember 12. 1979 That investigation was supported by a grant from
the Nauonal Scremce Foundation (FCNT7-02591 and 2 Nauonal imu-
wies of Health Predoctoral Trameeship (5 T12-GM0M103-01 10 SEC

0006-2960759.0418-5299801 00 O

ehiorop! presents an interesting exampie of the need for
the d P and i of two distinct ge-
nomes within the plant cell. Both the dllomptm and the

i, DNASs contribute genetic infe ired for the

producuon of 2 phowsymhetnlly competent orpndle (Schill,

¢ 1979 American Chemical Society
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A has been demonstrated to bea :

-+ 20r {38000 molecular
weight) of & by Specific th....dr

(Mac-

precip
. Doasid et al_ 1977: Proybyia et al.. 1979). The RNA coding

for amylase (Figure 3, peak A) comigrated with 18S rRNA.
On the basis of the in vitro iranslation dawa and cDNA-
mRNA hybridization compiexity (Harding & Ruiter, 1978).
the isolated amylase mMRNA was judged 10 be greater than
0% pure.

Since it is obviously not poasibie in th tystem ¢o compare
the quality of the RNAs prepared by the guanidimum rhio-
€yanate and conventional phenol methods, v have performed
comparsuve cxperiments using dog pancreas. which lacks
detectable levels of RNase A (Zendzian & Barmard, 1967).
Total poiysomai RNA was prepared by conventional phenol-
chioroform exraction by MacDorald et al. (1977). The data
obtained for dog pancress were very similar to those shown
in Figures 1-3 for rat p In both speci yi
was the domunant ussue-specific protein and its RNA comi-
grated with 18S rRNA. The patterns of the translation
products and of the polysdenytated RNAs ~ere ssmuiar. When
copecd with reverse transcripiase, rat pi....cas RNA gave the
highest incorporation of nucleotides per gram when the RNA
had been prepard with guanidinium thiocyanate (D.i3 nmol
of ["H]dCMP per ug of polyadenylated RNA) and the lowest
when prepared with guanidine hvdrochloride plus diethyl py-
rocarbonste (0.06 ameol of [*HIACMP per ug). In comparison,
phenol-prepared dog RNA gave an incorporation of 0.11 ame!
of [PH]dCMP per ug. All pancreauc cDNAs displayed the

same size distribution on alkaling sucrose gradients.

When phenol-extracted dog pencreas RNA was hybridized
in excess t0 cDNAs made from RNA templates prepared
@ither with phenol or guanidine hydrochionide pius 1% diethyl
pyrocarbonate. indisunguishable results were obtained. The
curves were very similar to thase seen for rat pancreas RNA-
¢DNA hybridizations { Harding et al., 1977).

Diseussion

Because of the high concentrations of RNass snd RNA in

the rat pancreas, polyanionic compeutive inhibitors of R Nase
such as heparin, polyvinyl sulfate. and macaloid (Parish, 1972)
cannot be brought pracucaily to high enough concentrations
to be useful. Similar limuts to auatnable concentration pre-
ciude the use of anubodics agamnst or protein inhibitors of
R)Nazse (Brown 2t 2. 1959; Geibnau #: al. 1969). The well
ch ze0 : 3 of bovine parcreatic RNase
A such as }-bromopyruvate and icdoacetate react much 100
siowly to be of use (Hetnrikson et al, 1965). Diethyl pyro-
carbonate is an effective active-sice histidine reagent against
pancreauic Rvase, but unfortunaiciy this reagent aiso modifies
nucleic acids (Ehrenberg et al.. 1974). Such modification may
account for the Joss of amylase mRNA wransianon activity and
template activity for RNA-direcied DNA polymerase de-
scribea above. Diethyl pyrocarbonate has been reported to
destroy ovalb ge activiy | Pal . 1974). As
demonstrated by Figure |. phenot plus sodium dodecy! sulfate
does not denature R Nase suflficiently rapidly to prevent mas-
sive degradation of pancreatic RNA.

Although nibonuciease is the bane of moiecuiar biciogists,
1t has been a boon 1o physical biochermists. 1t is a thoroughly
nvestigated model of protein denaturation. The transition
state for denaturation of pancreatic RNase A s close 10 the
denatured state, so that reagenus of increasing effectiveness
for equilibrium di ion will d e with increasing
rapidity (Tanford, 1968}, Thus. the half-life of RiNaseis 3
min i 8 M urea (Barnard, 1964) and 10 s 1n 4 M guanidine
hydrochloride (Miller & Bolen. 1978). Both Von Hippel &

CHIRGWIN, PR2Y
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Wang (1966) a1 astellino & Barker (1968) found that
fuamdimum thio :anate was about 2.5-fold more efTecyive on
& malar basss thar, guanidine hydrochioride as wn ecuitbrsm
denaiurant. lnmrmnnhuhmwaﬁnmgm
chaotropes, while ia the Latter only the guanidinium cation is
chaotropic and hence active in denaturation (Jencks, 1969).
That. it was expected on the batis of the rae demendency uzon
densturamt strength that gusnidinium thwocyanste would be
2 much movs FSpd denaturant of RiNase than guanidine hy-
drochloride. Lhus permitting the isolation of intact rat pan.
creatic RNA without reconrse to dicthyt pyrocarboaate.
RNA prepared from pascress with guanidinium thiocysnate
un:e m:::d iu‘:mo 10 give products (Figure 2) very
similar to scen for phenol-isolated dog pancreas RNA
IMMamlme@%hmcf
pancreatic secrstory granules (Przybyls et al., 1979). Since
a-amylase is the major secretory product of the pancreas. us
mestage should be 20 abusdant polysdenylaied specias. Fig-
ures 3 and 4 suggest that this is the case. The IS poly-
adenyls. .3 RNA (Figure J, peak A) is the predominant com-
m:..dnd.wiumﬂyhvmtd
by comaminating fRNA. Hybridization between this purified
amyiase mRNA and the cDNA made from it indicates that

the message is more than 30% composed of 2 sequence of

1500-nuclootide complexity, just large encugh 10 code for the

~ pre-amylase polypeptide (Harding & Rutter, 1978).

In sdditica 8o bybeidization experiments with purified rat
pancreatic amylase mRNA, total rat pancreas RNA from
aduits and developing embryos has boen anslyzed by cDNA
hybridization kinetics (Harding et al_. 1973). in no case is
there any indication that isolation with guanidinium thio-
cyanate plus 2-mercaptoethanol introduces any artifsciual
modifications inte RNA or csuses the selective loss of any
species other than 45 RNA. Recovery of RNA from the organ
Wwas quantitative within the experimental uncertainty of such
determinations (Schneider, 1946).

RNA prepared with guanidinium thiccyanate from rat isiets
of Langerhans has been used to synthesize double-stranded
c¢DNA. When this DNA was inserted inw 2 bacrerial plasmud.
¢cloned. and analyzed. it was found to contain nuclestide se-
quences correctly coding for the complete amuno acid sequence
of rat proinsulin { (Ulirich et al. 1977). thereby confirming
that the informatic content of the starting RNA was retained
during e proce ture.

The predicted utility of guanidinium thiocyanate was fully
confirmed by the results described above: RNA isolated with
the reagent was physicaily intact and fully active in translation,
specific message purification. hybridization. and recombinant
DNA experiments. The variety of tissues from which active
RNA has been obuained with this method (Figure 2) suggests
that the guanidinium thiscyanate procedure offers s useful
alternauve 10 phenol-based methods. parucuiarly for nu-

cleasc-containing celis.
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humsn Epo ve. Fhe 91 in monkey Epo). This resuit

. points out the extrems specificaty of mixed-sequence

short oligo probes end the requirament for exact as
sequence dsis. '

and beboons has been previcusly shown 10 compete
with human Epo for binding to ssti-humen Epo
antibodies (Garcia ef al., 1979). Jtis also well known
that human Epo is biologicslly sctive in mice and
rats (Anegnoston et al., 1978; Miyake et al., 1977).
Thess findings imply that somas fenctionsl domain(s)
and antigenic daterminant(s) of Epo have besn highly
sonserved during the courss of mammalian evolu-
ton. Wi the exception of sa 28«35 and $3=123,the
as saquences of monkey and human Epo are highly
conserved. The conserved regions may be mvoived
in determiming the function snd antigenic deter-
missms of the Epo molecule.
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