(. 2158829 HUVAN TUMOR NECROSI S FACTOR AND DNA
THEREFCR This invention relates to a deoxyribonucl eic aci d (herelna E5 ;D
referred to as "DNA") coding for a polypeptide having human phyS|oIog|c I éES
activity. This invention also relates to a replicable reconbinant

containing the DNA, a microorganismortcell transfornmed with the

replicabl e reconblnant DNA a hunan ph S|0Iog|call active pol ypeptide

obt ai ned HUMAN JUMOR NECROSERAF ACTOR, £ T ORunman physi ol ogi cal | y
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Present  HaWaY imihmar pHSASISEHcaM tébta:ﬂ%jcoq"ﬂ‘i% gfﬂ»t“i% By HeGRQy S

Factor (TNF), human TNF having an amno acid sequence duced fromthe base
sequence t¢f tde PP ik abIacespetombPhaAYC INAUNBONT AN haM e DNONA, a
utilizing reconbi nant DNA technol ogy, and the use of the product obt ai ned
by the pndeessordanism ¢f et typecifioremdd eitmrheorapidsasne pepbmtasanne
represented using abbreviations, as indicated bel ow, approved by | UPAC-|UB
Conmi ssi ®NAan Bi ocheancaphNoehegacal éy(CBN) ive Walypemspede tobtaninmed abiyds
and the like having isoners, those represented by the follown
abbreV|aﬁ&ﬂﬁ?%ﬁtﬂ%fthﬁeDNAuxﬁﬁ$@ﬁ@b§m6ma&hVe§§ﬂﬁIhﬂmﬁ%epbbéépﬂpédcaGIm

gl utam ne esi due Asp: aspartic acid residue Pro: proline residue Tyr:
tyr03|neaF§§Wﬁhe99ane$5PﬁH% Pégﬂﬂﬁb the am1no acid  sequence descr1bed

'g/.

herein, pharmaceutical compositions conta1n1ng the Cé
physiologically active polypeptides as the effective ingredient,

and a process for producing the human physiologicaliy active
polypeptide. More particularly, the eresent invention is
concerned with a DNA coding for hUmen Tumor Necrosis Factor
(TNF), human TNF having an amino acid sequence deduced from the

base sequence of the DNA, a process for producinglhuman TNF from

the DNA utilizing recombinant DNA techno]ogy,.and the use of the
product obtained by the process. : . (.

In the present specification, amino acids and peptides are

¢

represented using abbreviations, as indicated below, approved by
IUPAC-IUB Commiseion on Biochemic¢al Nomenclature (CBN). with
respect to amino acids and the- IIke having 1isomers, those
represented by the following abbreviations are of the L-
configufation unless otherw:se specified. -

Gin: glutamine esidue
Asp: aspartic acid Tresidue
Pro: proline residue

Tyr: tyrosine residue

Val: valine residue



2 L;s: | ysine residue Gu: glutamc acid residue Ala: alanine residue Asn

asparagi ne residue 5 Leu: | eucine residue Phe:
phenyl al ani ne residue Gy: glycine resigue His: histidine residue Ser:
seri®é residue 10 Thr: .threoni ne residue Ile: isoleucine
resi due Trp: tryptophan re5|d@¥SMw}Y$mﬂﬁrﬁﬁﬁ%ﬁ%%ldue Met : nethionine

resi due 15 - Cys: cysteine residue

Pol ydeoxyr i bonucl eot i des and &li%oEHIEAM IS ARAS RS HedUer o represented by
sequences of deoxynucl eotide residues which arge abbreV|ated as follows: A

' _deoxyadenylic acid residue®®: alanine residue -deoxycytidylic
acid residue G 2' -deoxyguanylic acid reS|due T; thynldyllc aci d.

resi due Unl ess ot herw se .speci qﬂjaﬁﬂﬁ§4§¥qe(ﬁﬁ9¥ﬁu?he sequence - of

- deoxynucl gotides is the 5 en;iﬁEr . There are known vari ous
substance® having a capacity PP 5stiSHARS FfIHRES eti cul oendot hel i al

syStinj for example, Phe: phenylalanine residue
| | Gly: glycine residue
His: hiséidine residue
Ser: serine residue
- 10 | Thr: threonine residue
\_/ _ Ile: isoleucine residue
Trp: tryptophan residue
Arg: arginine residue
Met: metkio niﬁe_:esidue
15 H ' Cys: cysteine residue
| Polydeoxyribonucleotides and oligodeo#yribonueleotides
are represented by sequences of deoxynucleotide residues which_
are abbre&iated.as-follews: |
~ _ : ~ A:  2'-deoxyadenylic acid residue
20 o . C: 2'edeoxycy£idylie acid residue
| G: 2'—deo¥yguanylic acid residue

T: thymidylic acid residue

Unless otherwise specified, the left end of the squence
of deoxynucleotides.is the 5' end.
25 There are known various substances having a capacity

‘for stimulating the reticuloendothelial system, for example,



. 3 physiologically active substances having antitunor activity which are’
i'nduced by various Gampositive.bacteria and endotoxins. Specifically,
Carswel | et al discovered that the serumfrom CD-1 Swi ss mce infected wyth
bacillus Calnette- 5 GQuerin (BCG, and after two weeks, followed by . :
i ntravenous injection of endotoxin B3as cytotoxic activity against cultured
L cells and al so discovered a phenonenon that it induces hennrrhaglc

| A The
ove s he Pyd1SoRI G B [y8 sakEOMeLE oo ABNRRLE b ELRLOIRIRE )
in the seWhE&ﬂFﬁﬁﬁilﬂﬁﬁcedmﬁﬁ v&Eioud/SbravObosiLitMopadterp E a§§66 3670
(1975)]. Thereafter, Ruff et” al reported that the rabbit: % prepared -

accordi ngendbttmmvesp@dﬁfmmwtb@ﬂs@éDpoéedaDYdezéV\@Eédei?i‘{: é‘@é
purified about 2,000-fold over the serum (J. | nmrunol 1 (hb

4), pp. leriun 6Fdon (IBM) |Swissirhies . iMbét bedsw ethabatepasedal Rattbbe
rabbit TNF was purified about 1,000-fold over the serum[Br. J. Cancer,
V'e S 42, Cﬁ)\pﬁr-‘mﬂm ( Jﬁ?&l))éftébvﬂr@rweeksl, REb116wedl baniindbay bavas et al |
§ tunor necrosis effect with respect to the purified TNF is not conflrned

i ni e GtHl o )gferendotiex i dpaseset Shoeie Appivityi sgainst- Gpktured '
SpeC|f|cat|on No. 57-140725 (1982) discloses a process for isolating and-
puri fyi ng® £t Mo ‘?ﬂﬁ@?‘(ﬂb@ﬁ c"al Pyenemengn Slmttahcenﬁaveﬂg anti- .

t t t whi ch d t t h
as mouse MRARSES hackad i o Yl Shie bR B SRR chtci Ty for

t | at t t t hel |
stimila I(EkLgy%readéyﬂL/%¥¥) é%&é%. They gave the name of TNF (Tumor

10 " Necrosis Factor)'fo the active substance in the serum [Proc.

. Nat. Acad. Sci. USA,“Vol.'72 (NO;IS); pp. 3666-3670 (1975)].
-Thereafter, Ruff et al reported that the rabbit TNF ‘prepared
.according to the above-mentioned m od pfoposed by Carswell 85 
. al was purlfled about 2,000-fold over the serum (J. Immunol.,

15 Vol. 125 (No. 4), pp. 1671-1677 (1980)]. Further, Matthews et
al reported that the rabbit TNF was purified about 1,000-fold
over the serum [Bﬁ. J. Cancer, Vol. 42} pp. 416-422 (1980)]. o f_
However, .in Ruff et al and Matthews et al, the :umbr'neérOSis'“ |
effect with respect to thé purified TNF'is not confirmed |  \;/
20 in animal expériments.' | |
Japanese Patent Appllcatlon Laid-Open Speczflcablon No.
.57 140725 (1982) dlscloses -a process for isolating and pur;fylng
- a proteinaceous phy51olog1ca11y actlve ‘substance having anti- '
tumor activity, which is induced by administering to a mammal
25 such as mouse, rabbit or guinea pig At-leést.oné“substance

~having a capaciqy-for stimulating the }etiCuloendéthelial



4 system and then injecting endotoxin froma G amnegative bacteriuminto

t.he mammal , or by adding endotoxin froma G amnegative bacteriumto a

ti ssue cul ture containing activated nac%ophages froma mamual. In this

Japanese 5 Patent Application Laid-Qpen Specification, there are also

di-scl osed t havstge@dndrtiven ginjeotling caldmtaiin pironw 2f Gt ée-pesaive

pr ot ei naceous phyS|oIog|caIIy active substance (nol ecul ar wei ght, 39,000 +

5,000 as nea%%ﬁe@flb-ym gertd i the mmamnadn, s DS yaceyd@meden géton a

el ectrophoresis; isoelectric 10 point, pH 3.9 + 0.3 as neasured by

i soel ectric @W?@tlﬁ{ﬂ brsc wmexcaua el SRR Tk Ru T PRt Pt viRG naceous

-physiologically. active substance. Meanwhile, Natthews reported that there

i s obt ai ned %csh‘b"s*t%d@‘heﬂﬁ'?@e@tf(ﬁ%l% mAARA t y Eyatikt {aRNESE by a 15

process in i'ch g eCtgtﬁ into a rabbit_and rmnon;g:l ear ‘phacoca/t es

from vari ous” 1 T€%¥%u D%]f”i:h I9-ReHRRE TR T3 W kKENSTE 7°¢ 1L

I njection, f y,..add on. of endot Xxinto the cell.culture o
th.L,%sd AO Ve rasff Qe S dhd, oS

W!;ucl ear agocy 1(%‘3e Fp=T 41 RAHAE (9
Ho - :I ’eiq: ty . i ned
substance |s lrllth'f 'S ose o4 hﬁh sll‘}jcén%ug\,ﬁ)dse‘?\%g %‘E%%\n ng that
t he. obt ai ned (Rt @nge w&%r@ntag:qiodw hy Td% faunged dutdie Sereun Furdher,
there are a nunber of prin ed publ i cati ons reporti'ng that factors

havi ng TNF- | £ k&n B ESDSH FoL ol c B 1 - ldéﬂ)é]Séd\&:}@dihdﬁbéfEIi péoérb&trf@r
exanpl e, Reed et al

10 point, pH 3.9 + 0.3 as measured by lsqel ctric focusing) but

'Kvl not any detailed structure of the proteinaceous physiologically.
active substance. | - -
Meanwhile, Matthews repb:ted that there is obtzined a
-substance having cytotoxic activity accl st L_cells by a
15 - process in which BCG is injected into a rabbit and mcnonuclear
phacocytes from various tissues of the rabbit are cbtained
two weeks zfiter the injection, followed'by éddition of
endotoxiﬁ to the céll culture of the mononuclear phagocytés_
o (8-. J. Cancer, Vol;'44 (3), po. 418-424 (1981)]. However,
20 in his report, the detailed structure of the obtained |
substance is not disclosed and, further,_there'is_ no evidenc g
snhowing that the ob;ained subs;an;e is identicaL wi:h TNF
found in the serum.
Further, tner° are a number of printed puallca ions
25 : fgporulng that factors having TNF-like biocactivity or a
biqa;tiviﬁy similar to that of TﬁF; For example, Reed et al

founé such a factor in macrcohages and the like present in human



“found such a factor in macrophages and the |like present in hunman 5. .
"peripheral blood (J. Immunol ogy, Vol. 115, p. 395 (1975)], Matthews et al
in |eukem a cells derived from human perinheral bl ood nonocytes or froma .
patjent sulfering from myel ogenous nonocytic | eukem a [| munol ogy, Vol . i,
p. -135 (1981)], D. 5 = Barbar&.in human B cells transformed with

- Epstein- < NIrus§ CRr at ., Acad. j . A, . 80, 5397..(,1983) ],
~and B. B%Ja PRET °§y%ﬂ'ﬁ%§q a[sl}j"c31 oi%%é ogga: I -Vl%ﬁn'e.l%'e -%bo%/‘ée)s- néﬁ‘tagiﬂr’e’d .
factors gIf « - diyschosed i apaness jRatant; Anpl i i.d: Quen
Speci fi cg{ﬁq:oﬁs&%ogt £ ?@9%1&"( Tg%:s%se'l'asg!gélyél ! 1'9%%"% % e %ﬁﬁ%?
(1983) angh B8 220804+ o1 983)er NG Blaleliiest RALANI - ARPI 4 581 |,/ 1Ll Shen
Speci fications hbs:'ZLJOG,llf an&'sz17,385. 'Fbmever;ﬁf%éqg%Tigggggkel
l'ines capsdiaryafi afifdutieaitld Vi RE-AMId suedy fagd ors. heye ppdeyef, Rgen
found. Further, with respect to such Tactors, there are many natters to 15
be gl uci dat u bRl ShRUCLULES rAaRtheR QREM ESS it [-]3Panese Pat ent
. App?i cat ?%nr%%or% g@ g‘él%?? 'B( Ic%é'%) 1 rrgg‘e Ist ugi' es orli? E?%ge“rlh éls'\l'énd ’_gt?‘rguct_ure_
~of ‘rabbi tpii¥z and:r alialy-. THei .Pedyciveq .celol,Sp. A399 ravll,) ',h%nﬁbg@i ned’
cel | s capabl e of producing a substance having cytotoxic activity 2 '
agai nst L eg@lak SirhYyashiblasicaai IMR8aclb S1r1C eThA ¥bhee-tefieitRel 1 34-EQ¥s ave
stinmulating the reticul oendothelial systemto a- rabbit followed by :
i nj ecti onadboedilst basad deni Jagdahesen PabanteAppbicatbohheaidabbben and then
obt ai ned such a- substance using those cells. He also affirned that the
mol ecul ar Spe¢ghicanioRs Nos. 58RLBD2DYI(ra83pr opse+2e620f (Lhe3zsybst ance
havi ng cytotoxic : - : _ _ _
10 '58-107197 (1983) and 58-225024 (1983), and British DPatent <

koplication Laid-Open Specifications Nos. 2,106,117 ang

-2,117,385. Eowever, the cells or cell lines capable of
- eificiently producing such factors have not yet bszen found.
- Further, with respect to such factors, there are many matters to

15 be elucicdated such as their structures znd properties
Ito [Jazanese Patent Application No. 58-251817 (1983))

made studies on properties

v

nd strocture of rabbit THF and

rebbit-THT producing cells. A5 a result, he obtaine¢ cells ™

capzble of producing a substance having cytotoxic activiiy

20 2gainst L cells by administering a substance having z capacity
Zot stimilating the reticuloendothelial system to a ratbit,
followed by injection of endotoxin derived from a bacterium
into the ratbit, .and then obtained such a substance uvsing those
cells. He also affirmed that ‘the molecular weigh:t andg

25

irmunological properties of the substance having cyiotoxic

activity agazinst L cells obtaired using the above obtained



activity against L cells obtained using the above obtained 6 cells are

I n agreenent with those of TNF obtained fromrabbit serum Meanwhile, with
t he=proogress of genetic mani pul ation technlques it becane possible to
deter ne the structure of a protein so I%ng as a DNA coding for 5 t he
protein is obtained in isolated form hi"s i s so because the structure of

the isol ated DNfeIR® Hee defed é’@ﬁeﬁ@%émeanoéaeostmptuﬁeameahsr&ﬁotel n o
can be deduced fromthe structure of the DNA. Further, it becanme possible

to produce a preiebitfsorm. MM%IOﬁiﬁmetmé%eéqresslbzi@shé@ic a
m croorganismor cell culture. |Ito applied the above- nentioned genetic
mani pul ati-on t ecani pukstion tteckeidsesaApd| ive cdmer povsi ble ats ubst enmeine:
havi ng cytotoxic activity.against L cells. As a result, he succeeded in-
i sol ati ng a DNAthedstgudibure abbi4 pidt e et so Nlonggas he BNAucoﬂxmg Pér 15
the DNA and rabbit TNF, and producing rabbit TNF using the DNA. As is
appagent 5ron1thbefnwetﬁnmg;sIwbt&wnednnhazsqﬂak@dsﬁocnss Thir bslued ng
rabbgt TNF. However, it should be noted that the adm nistration of TNF to
an ani mal whi chbeeanse tige stryckure iofl ithf iselangd haNA acamnperdeteamined
anaphyl actic shock m ght be caused. .This is so because TNF is_a :
pol ypepti de and®hfenthen nriie UG UkRr 9F sthe cRroteln sannke dpdesed sERM

the origin of t TNF, the TNF_ fuynctions as an anti en to roduce
antibods For. ?%?sh#iﬁﬁﬁﬁF e et PN A- | fiRRHREC ¢ ol hebos2 he P%ﬁﬁ+ﬁf§t%?ed

to a huran bOdyprégﬁégse ﬁgoggghd Eéﬁw“’éﬁﬁ’ gfﬁg_for_the protein utillzings.

\v) 10 . a microorganism or cell culture. Ito applied the above—
| | mentioned genetic maninulation techniques'to the cells
. capable of produc1ng a substance havxng cytotox;c activity
agalnst L cells. As a result, he. succeeded in lsolatlng |
a DNA coding for rabblt TNF, determining the structures of
15 the DNA and rebbit.TNf.'and producing rabbit TNF using
the DNA. | | |
| As is apparent from tbe foregoing, Ito has made a great
w '_ success in nroducihg rabbit TNF. -However, it should be noted
_ that the administration of TNF to an anlmal whlch is not
\')..20 ~the orlgln of the TNF has a danger that anaphylactlc shock m1ght
be caused. This is so because TNF is a polypeptlce and, hence,
when TNF is administered to an animal which is not the origin
of the TNF, the TNF fqnctions as an entigen to produce an
'antibody. Foc this reason,.when TNF is intended to oe
25 | edministerEd to a'human oodj, the use of TNF derived f;om human
beings is highly preferable. However,'even the structure of

human TNF has not been successfully elucidated. Therefore,



beings is highly preferable. However, even the structure of human TNF has

not Been successfully elucidated. Therefore, the determ nation of the
structure of the DNA coding for human TNF has been strongly needed. Theg)-
present inventors have nmade extensive and intensive studies on the.

structure of the DNA coding for 5 human_TNF. As a result, the present
I nvent ors have surprisingly found that human polypeptlde gene and a

r abbi t TNF geE'ﬁ?Cé‘E'EQFm%QE?anXft ReUsErAbelpBDbE | ERVADRY, Bobipfieroihal

the DNA codi ng uman. pol ypepti de can I sol t he

structure theﬁﬁﬂénC@ﬂpbﬁaQObeegeEepghggg ggegggparlson bet ween rabbit TNF
gene, human pol ypeptide .gene and rabbrt”cDNA with. respect to the honol ogy

of their base Sequﬁﬁée?rebgﬁt §H9eftbHS! HAPe OhalHr 8xPRASEQEi BG4l OF human
pol ypeptide.can be skillfully determ ned-and such a pure DNA can be

obt ai ned, andifpahsife s@ubUBBNOROLMBERtdEtAFredyecendSDNE e iRNA reedi ng
for the hunan pol ypeptide has a cytotoxic activity against L cells. The

present IBtvenhuumnhaHFbeensnadeebased Onespﬁbséﬁvehnfrteﬁdbﬁgsha'i}lée features
and advant ages of the present invention 20 -will be apparent fromthe
foll owi ng detautpdidésglypfoondabbatppehdeancbal ypepalide geneoandcti on with
t he acconpany--ing drawings in which: Fig. 1 illustrates the restriciton
maps of plasnabbinsENFsgeaehcaonbai alaged ENM&beduﬁg b@rrabbamvc@NMOnal 25
rabbit phyS|o;gg;chL eacihgg heygﬁAtbgging for human polypeptide can )
’
be sklllfully isolated and the structure thereof can be
10 determined by comparison between rabbit TNF gene, human _E.).
polypeptlde gene andlrabbit.cDNA with respect to the
homology-of their.base.eequences, that_the etructure of
pure DNA codinéhfor human poiypeptideican be skillfully
determined end'sucn a pure DNA_can be obtained, and that
15 .a human.polypeptide produced ueing the DNA coding for the
human polypeptide has a cytotoxic activity against L celle.
The present inventlon has been made based on such
_novel findings. ~ i
| _The features end advantagee'of.the present inventicn \;)
20 .'will be apperent frcmpthe following.detailed description |
N and appended claims taken in ccnnection with_the_eccompany-
ing draw1ngs in which' _ |
Fig. 1 1llustrates the restricitcn maps of plasmid
- inserts:each containing a DNA coding fcr a conventlonal__
25 rabbit physiologically active polypeptide;_ |
lFig.'é illustretes.the-flcwesneet.of.tne_method for
“the preparation'of a recombinant DNA (pTNF-lac;t) coding

for the conventional rabbit physiologically active

polypeptide;



Fig. 2 illustrates the flowsheet of the nethod for the preparation of a
réconmbi nant DNA (pTNF-1ac-1) coding for the conventional rabbit

physi ol,ogi cally active pol ypepti de; Fig. 3 illustrates the flow sheet of
the mthod for the preparation of another reconbi nant DNA (pTNF-1 acUV5-1)
coding for the conventional - rabbit physiologically-active pol ypeptide; 5
Fig. 4 illustrates the restriciton map of "the portion of a plasmd

orosent | nventon:  Fi Gbs B ERseparaEeBhy ETPREEnBRE B kR nbpbH; f8h of
I d !

active pol ypept SE‘QQF%QS st ontoBraiepLPTLcoabliind oy BRL A0S}

preparati on of 2 58gol AGH! . RNALRVTAELL 36LNBad) 1 £O0KIGHd D55 Fe b Nact sve

physi ol ogi cal |l y active p peptld t he present 1 nvention
Fig. 7 illustratego} &tgmésheet of the method for the preparation of
anot her reconbi nant (pHTNF | acUV5-2) coding for the human

physi ol ogi cably actiVveigol ypeptiigerateshenpr pesbritnvent h@p. o2O0the Portion
of a plasmid contalnlng a gene for human physiologlcally
active polypeptide of the present 1nventlon,
Fig. 5 illuetrates the restriction map of the portion
of e plasmid coptainiﬁg a;gene fbf a conventional rabbit
10 physiologically active polypepﬁide; |
| Fig. 6 illustrates the.fiow-sheet of the method for
the preparetion of a recombinant DNAl(pHTNF—lacUV5-1) |
codlng for a human physiologieally active polypeptlde
of the present invention; and
15 _ Flg. 7 illustrates the flow-sheet of the-method
for the preparation ofianophep-recehbinant.DNA
(pHTNF-lacUVé-Z) cdding fef the human pﬁysiologically

active polypeptide of the present invention.

20



e

Essentially, according to the present invention, there is provided a hunan=
physi ol ogi cally active pol ypepti.de having an am no acid sequence
represented by the following formula (1): 5  Ser Ser Ser Arg Thr PrQJSer
Asp Lys Pro Val Ala His Val Val Ala Asn Pro Gn Ala Gu Gy @n Leu @n Trp
Leu Asn Arg Arg-Al a Asn ‘Ala Leu Leu Ala Asn Gy Val Gu Leu Arg Asp Asn G n
Leu val Val Pro Ser 1Gly Leu L8&u Ile Tyr Ser G n Val Leu Phe Lys Ay
dn dy Qs Pro §§F“Tﬁf‘-llh-s \Z i &}"L%J'Oﬂ‘ﬁnel(?resaﬁﬂ‘s Hfentionserthegey |1 e
Al a VaI Ser,. % d.n_Thr h Val_ L)Eu Le Ser Ala lle L%/S? Ser Pro Cys @n
Arg Gu TP PFEYEFEGRy “GPEY&%Q L Yras site @At RePYI98 Tyr Leu

dy dy Va h G n leu d Leu Ser, Ile Asn- Ar
Prg Asg Ty%aﬁeﬁ ﬁﬁénﬂ|§c us§§£q§{% ﬁheé%? foldqy Hq%alﬁe

Al a-Leu vvhgggmlg Q §tands for a glutam ne reS| due Asp an asparatl_c acid
residue, Pro a proline residue, Tyr a tyrosine re5|due Val a valine
Iutan1c aci d

el gﬁg ’F%rgﬁgéségfnr@e?'ﬁq ’é’*o/;&ﬁr AR it dire Yo A Ao B3 N ne .
. Hi
siaue ﬁgﬂew ak:aQi A9 M &3 jes| ugl)ﬁzg.e% ¥ o' eieuu%? 'A% gmAé"(?nl ne

hi sti di ne re5| S8 Caserine Fest

residue, | aaﬁshsﬁé‘éuileﬁeLEES'Aq'AeAs-Rr S tvraﬁpgﬁ Tod %Sc' Yo A
arginine resid met'hi oni'ne resi dde S erne resi Ue.
Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile_Tyr Ser Gln Val
Leu Phe Lys Gly Gla Gly Cys Pro Ser Thr His Val Leu Leu Thr
10 His Thr Ile Ser Ar Ile Ala Val Ser Tyr Gln Thr Lys Val Asn

Leu Leu Ser Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu

| Gly Ala'G}u Ala Lys Pro Trp Tyr Glu Prollle_Ty* Leu Gly Gly
_Val Phe Gln Leu Glu Lys Gly_Asp Arg Leu Ser Ala Glu Ile Zsn
Arg-?fo Asp-Tyr Leu 2sp Phe Ala Glu Sér Giy Gln Val Tyr Phe
15 Gly Ile Ile Ala Leu |
) wheréin Gin stanés for a glutamine rasicue,
ésp aﬁ asp'rtlc ac1d reeloue, Pro a proline-
res*cue, Ty: a tyrosine residue, Val
a valine resicdue, Lys # lysine resiéue;
20 | Glu a glutamic'écid residue, Ala an a1aﬁine
résidue, Zsn an asparagine residue, Leu
a leucine resxcue, Phe a phenylalanlne
reszaue, Gly a glycxne reSLdue, His
a histidine residue, Ser a serine residue,
25 | Thr a threonine resi@ue, Ile-an.isoieucine
residug, Trp a tryptophan residue, Arg
an aiginine residue, Met a methionine

residue, and Cys a cysteine residue.



10 The present invention also includes a pol ypeptide having an anino acid
nmet hi oni ne attached to the N-term nus of the above- nentioned amno acid
sequence and an internediate having- a partial or entire signal peptide
for h n TNF attached to the N. term nus of the above-nentioned am no acid
sequence. It is possible to.change parti@®f the structure of a DNA coding:
for a pol ypeptide by natural or artificial nmutation w thout significant

change of the act iThiet prefsentte ipeleptdphni dd soTHaciudesnta ipoompteipdn dendavdesy a

pol ypepti de having a structure correspondi ng t-o honol ogous variant(s) of

t he pol ypean iatei ranaqig med hdlsgvine adiaicheddt oathedN-termningebride aboye-

al so having human tunor necrosis activity. Al such physiol ogically '

active polWgrbioned Aw nferacisfspaveneer &nd oans TRLAEReFARte |hawhdd her

aspect of the ﬁr esent invention, there ig er ovi ded_ a deox rigonucl ei c
p e

acid conpPRE IR oF B e fISNE PSBtAGer P aPHBARANT HRRT HR A9 hgeMve

|y id id h hysi ol ogi cal,l. i ve. pol I de_hayi 1,
bl t SoquerRERTap? oSt S0 bATAE-MANIATRY (P HEPa et SERUGRPeder K g Py

o e A SR e A AR @ Te el B
(o G) G etel oy TGl s g Tis ey ol 3 e
Al'a Val  Se¢hdige @ tHY alets Waly 8¥Nthe 6&1ypeptide. The present invention
includes a polypeptidé having a structure corresponding to
'\  homologous vakiént(s) of the polypeptide héving the above-
mentioned amino acid séquehce énd also having human tumor
nécrosis activity. A1l such physiologically active polypeptides
are hereinafter referred to as “human TNF". |
In ahother.aspect.of the present_ invention, there is
brovided a debxyribonuc]eic acid comprising a base seduence
_ codiné for a human physiologfca]]y active polypeptide,
said human physioiogica]ly active polypeptide having an
—. émiﬁo acid sequence represented by the"fo11bw1hg formula (I):
Ser Ser Sér'Arg Thf'Pro Ser Asp Lys_Pro'VaT Ala His Vval Vval
Ala Asn Pro Gin Ala Glu Gly Gln Leu Gin Trp Leu Asn Arg Arg
Ala Asn Ala Leu Leu Ala Asn Gly vVal Glu Leu Arg Asp Asn Gln
Leu VallVal Pro Ser Giu Gly Lep Tyr Leu Ile Tyr Ser GlIn val
Leu Phe Lys Gly Gin Gly Cys Pro Ser Thr.His val Leu Leu Thr

His Thr Ile Ser Arg lle Ala Val Ser Tyr Gln Thr Lys val Asn



S

Leu Leu Ser Ala Ile Lys Ser Pro Cys An Arg Qu Thr Pro Au Ay Ala Gu -,
" Ala Lys Pro Trp Tyr Gu Pro lle Tyr Leu Gy Ay Val Phe Gn Leu Ju Lys Ay
Asp Arg Leu Ser Ala Gu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Ala Qu Sey/ Ay
G n Val Tyr Phe 5 Qv Ile Ile Ala téu wherein A n stands for a glutanlne

residue, yasp i ARAAGIE A AyLYO- PO @ PLPIINL CRSIHC oY oA, |

tyrosine residue, Val a va |ne residue, Lys a |ysine reS|due

glutam c diQ ala Glu Ala 1R Bd@Shduep, Algn@rpal apnj dieryesiglyes; \A%Wn' -
aspar aci ne resi due, Leu a’leucine resi due “Phe ‘a phenyl -al ani ne residue, Qv

a gl yci neydlesiniiGidired duwtivl Ny esdgluerg Sedw asserAne ¢usi fle addir a
‘threoni ne residue, 15 Ile an |soIeUC|ne resi.due, Trp a tryptophan reS|due

Arg an angidlim® res duer Laetasp neidixni nely esédusly aoth Qs1 argy Spied ne
“residue. In further aspect of the present invention, there is 20

prowi ded Glwerbey/ rilormic diex aci d conprising at | éast one base sequence
selected fromthe group consisting of a base sequence represented by the

ol  owi ng fornul a (‘Hg,.ﬁa._r}g @Ip(g’ggrpggam %@cm%{ ai d base
quence: 25 12 TCA 1 B MRS AN aoc CAT GTT

GTA .. Asp an aspartlc_abld resiéue, Pro a proline
residue, Tvr a tyvrosine resicdue, Val a valine
. . residue, Lys a lysine residue, Glu a glutamic
10 . e o e .
: acid residue, 2la an alanine residue, Asn an.

asparagine residue, Leu a leucine residue,

Phe a phenylalanine residue, Gly a glycine

15 P . . . o s
- Ile an isoleucine residue, T:p a tryvctophan

. s m- . »n -- .l
r2sicue, =rXrgc an rcz.nlne IESJ.C!JS M2t

In'zurtber aspect oi the present invention, there is
20 s o . s : . . . e e ; 1anas ' I\/
: provided a aeoxyrlnonuclelc acid comprising at least one o~
base seguence selected from the group consisting of a base
séquence represented by the following formula (II) and
» - ) . X

a complementary base secuence to sazid base sequence:

25



GCA AAC CCT CAA GCT GAG GGG CAG CTC CAG TGG CTG AAC CGC CGG GCC AAT GCC CTC
CTG GCC AAT GGC GTG GAG CTG AGA GAT AAC CAG CTG GIG GIG CCA TCA GAG GGC CTG
TAC CTC ATC TAC TCC CAG GTC 5  CTC TTC AAG GGC CAA GGC TGC CCC TCC ACC

CAT\GIG CTC CTC ACC CAC ACC ATC AGC CGC ATC GCC GIC TCC TAC CAG ACC AAG GIC
AAC CTC CTC TCT GCC ATC AAG AGC CCC ¥&C CAG AGG GAG ACC CCA GAG GGG GCT GAG
GCC AAG CCC TR TRT 98¢ ey A b G2 Gt GHG Gt Bha QX6 Cho Ghe @ COT

e B
GAC CGA CTC AGC GCT GAG ATC- AAT 10 = CGG CCC GAC TAT CTC GAC TTT GCC GAG

TCT GGG CAG GEG FAC TET GG AT ARG G36 CHG \Wier &t Act @S A o&C CGS
deoxvadenyl i c acid residue, G a deoxyguanylic .acid residue, C a

deoxycyti dyl iGtcaint GED &€ DTG TGS AAT GGC GTG GANITE @EA AT A0 &NGlue
and wherein the |eft “end and right- end of ~the formula (11)

reoresent 5' ORGGIG/ IGTH @OA ke GCMNGGE -OTAIZAY ICTY ARE SIAdR, T SIECIGTE| Y.
' 20 The DNA of the present invention includes a DNA conprising a
base seduencE€TITY ARTGCAGE, CRAGREGTACG QIS MAQ iMIRECMbER] GRG &MKedQ@
thﬁl5 -end of the above- nentioned base sequence in order to produce ture
hur®n TNF by GAaRsECORATEUIAGH £G& -&‘CmGQCo&Tg?amCe’;mW @G ACE AAG {TE -

the present invention also includes a DNA having a 5'- flar c g
for a part | alCTT i T S ATDERS @&Cofc%n'éf‘r TG AGG %’"é Redes CLI}{GN

GGG GCT GAG GCC AAG cee TGG TAT GAG CCC ATC TAT CTG GGA GGG
GTC TTC CAG CTG GnG AAG GGT GAC CGA CTC AGC GCT GAG ATC AAT

10 CGG CCC GAC TAT CTC GAC TTT GCC GAG TCT GGG CAG GTC TAC TTT

A GGG ATC ATT GCC CTG
| wherein A stzan és for-a_deoxyadenylic acid
residue, G a deoxvguanylic acid rés;due, c
a aeoxlﬁv dvlic acié residue ané T
15 tavmiévlic acid resicdue and wherein
the leit enéd and right end
of the Zcr-mula (II) rgp;esent
5'-hvéroxyl group sidée and 3'-hyéroxyl group
o/
side, respectively.
.\“j 20 The ﬁNA of the present invention.includgs a DNA
éomprising a base séquence having ATG (A, T ané G are as
' mentiohed abqvé) at:ached to the 5'-end of the akove-
| ﬁentionedlbase seguence in order to procduce mature human
fNF by méans of culture of a microorganism or cell.
25 The DNA of the presént invention also includes a DNA having

a 5'-flanking DNA coding for a partial or entire signal

peptide of human TNF.



The structure of a DNA and the structure of the poly- peptide deduced

. therefrommy be partially changed by natural or artificial nutation

wi t hout causing the main activity of the polypeptide to be changed. Hen\(‘:de,
the DNA S of the present invention may alternatively have a base
sequence that codes for a polypeptide with a-structure corresponding to

t hat of a honol ogous variant of any af3the aforenmentioned pol ypeptides. In °
accordance wi tTheletfenarae off geBNA @arcbdee istictiire oposise tpelto -
substitute at | east one base of the base sequence :'< of a gene by another
kind of PRREids (drRsiHchUeTF i m*ncb%cﬁ%rs@qlbnc@?@att%ebpol ypepti de
produced from-the ene to be changed ‘Hence, 'the DNA of the present -

i nvent i on“'?r‘rﬂ/r scb"g é‘é‘ts%ﬁq’cféhde%h%ﬂt HeRL HEh %}P\%ﬁw by substi -

15 tutlon in accor ance Wi th degenera geneti.c code. In this
i nst ance, 2t He AN RF th %edi&ébe/f‘?c}'tﬁﬁ‘-’t% bR quiEit Pt ai ned

the aboyve-nentione subst tution i's jidentical wth the gmno acid
‘m%nce %/ e qroeﬁﬁld%\ ’(W‘ﬁe’%’fs"%f“?ahe(f]‘&eer‘d}aetl%ly have a base rther -
aspect of vent ion, ~thereis provided are Ilcabl reconbi nant
DNA whi chs%:ic}?nprl ses C%qbeg/e men |°o°nled°ec?eé§xé;er| th? EItP lfjlr"?zlccordl ng to.
the pres f&&ﬁd S5Si e reconbi -
nant DNAet?t}er capa % a&d t?‘ra;tﬁg‘fo%angl(?%%% oor ﬁr%lsm orA“ZeSanJhcgfel | cul tur e,

~of expr es‘_sgéwgaﬁamm ééegﬁﬁwéﬂll&é he am no acid sequence of human
TNF.  As the suitable vehicle, "thére may be rrentloned for exanpl e,
PHTNF- | acUV5- hﬁ“!tcordance with deaeqeracy ‘of genetlc code, it is .

10 possible to substltute at least one base_of the base sequence L)
of a gene bygnmther k;nd of baeeiwitheut eaﬁsipg the amino |
acid seguence of'the'polypeptideiefbduced from the gene to
be changed. Hedce{ the bNA'o‘ the nteseht invention may
also have any base sectence that has been chanaea by substi-

15 . tut on 1n accordance Wluh cecene*acy of genetzc code. 1In
this instance, the amino acid sequence ceduced from the base
secuence obtained by the'ebove-ﬁentioned.eubstitutien is |
identical with the amino aéid'seqﬁence of the formula (I}
as def;ned before. “ | “

20 " In a furthe: aspect of the present invention} thefe i;
proviﬁed'a.feplicablefrecembinaht bﬁA which'cemptiseslthe-
above—medtidned aeoxyribonheleie acid'accordéné'to the present
1nventlon and a renllcable expression vehlcle.. The recombl-
nant DNA is caoable, in a transtormed mlcroorgaelsm or

25 ‘cell culture. of expre551ng a polyoept;de compr;sxng the

amino ‘acid sequence of human TNF. As the sultable venlcle.

there may be mentioned, _for example, pHTNF-lacUVS-—l and |



14 pHTNF- 1acUVS-2 expression vehicles. Further, the present invention is
directed to a mcroorganismor cell culture transfornmed with a reconbi nant
DNA: caoabl e ‘of expressing a pol ypeptide conprising the amno acid sequence
of htfan TNF. Exanpl es of such microorganismor cell culture include
Escherichia coli, Bacillus subtilis, yeasts and hi gher animal cells. In an.
even further aspect of .the present |anht|on there is provided a nethod
for produci NpHINF 1lar@vse 2 exprephﬁ&nobegucabhy'active pol ypepti de of the. .
present invention which conprises: (a) liaating the deoxyribonucleic acid
of the formula (IEpra$°defmhedoabeeattmnaenepbncablé-ekpre&smﬁnavehlcle to
obtain a repllcable reconbi nant DNA conprising said 15

deoxyr i bonucIMicr oREic@ na s 9&i @eldpkdabre sxpneormacyeiicdl e, rebpmbinant

transformng cells of a microorganismor cell culture with said realicable.

reconbi nant BYR CGPRELM PEaREPERAEARY; 2( BPLBRRELARgCOAPE Lsiags kdemamigo
fro lSparent cells of 20 t he n1croorgan|sn1or cell culture; (d)
|ncqbat|ng 559}qr%%%&ﬁ&FﬁaﬁfshuEéﬂthﬁ saFY2PPARSt BEMBNES MGCERPrEasisa d
deoxyrlbonuclel g odu e.a hu hysiol ogi.cally qqtlve
néetd) S E8%icaPekidlis,

pol ypept i de; GPﬁ AHcurs gupgilis,
PoVBEBLLCE g ArBRL e g e B B onct e o e
present In an even further aspect of the.present invention,
_there is provided a ﬁethod for producing tﬁe human
0 phv51ologlcal Yy active polypeptide of the present invention
which comprises:
(a2) iigating the deoxyribonucleic acié of the fdrmula
{(II) as defined above to'a_replicable exgression_vehicle to
obtain a replicablg recombinant DNA comprising said
15 deoxyribonucleic acid and said replicable expression vehicle; -
| (b) +transforming cells of a2 microorganism or cell
culture with said replicable recombinant DNA to fcrm |
~ transformants;
. | (c) seleczcting saié transformants from parsnt cells of
o~ o
20 . the microorganism or cell culture;
| (@) incubating said transiormants, causing said
transfofmahts to express said deoxyribonucieic'acid and
produce a humah physiologicaliy active polypeptide:; and
(e) 'isolating séid human physioclogically active
25 polypeptide from the incubated transformants..

According to the meﬁhod_of the present invention,

the above-described polydeoxyribonucleic acid of the present’



-

15 invention is ligated to a replicable expression vehicle as a vector to
obtain a replicable reconbi nant .DNA cont ai ni ng t he above-nenti oned

pol ydeoxyri bonucleic acid. A micro- organismor cell culture is "
transforned with the thus obtained replicable reconbinant DNA to obtain a
transformed micro- organismor cell culture containing the reconbi nant DNA. .
‘The thus obtained transformant is isolated fromthe parent mnicroorganismor

cell culture by neans of he typlca rait. inparted with the . The
Chus obt ai ne@vERERCRoiRed 18D th o G5PgT RSN BRI S o

?}Llfte ?%232&82?1‘;%?882&& SPESER! ° ERAGRD s o i SR Lot 5%%‘39&2%?@
110 F

P’ b bsent thevaRorBaretiBRel! B3 yge'g“&%%k’%rhﬁ&el. a6 o & Bt OSoor of ed

fron1host Cgk n§§m ?%FESEE gﬁﬁ&ﬁ%@'?@ Q %9%%%5neéﬁw%t%r %%s%hu progégggdng

such a mat ure > nay bé mertT one exarnpl e

mprissi ng EQ&%REHB&E“Qe@o éﬁﬂuﬁﬂﬁﬁt%ooﬁigﬁﬁf%Otranfg%g%e N30 acid
no

quence, as a si e tide ose from 0 am no acids

that is derngQniéﬂ”bé EE?ioehgﬁﬂkE”hﬁthh%ﬁ%% %Wé“%ec%%b&%%n%ebﬁhﬂus of

the am no acid sequence of the mature e human TNF rmay be obt ai ned
as fol | ows: T8 thuslobtafnbacteahapbaa@nkerii] /idlhitedEIoM thle Raentand a

bact eri ophage [err]/human genomic library prepared by Prof. T. Maniatis,
Depar t ment - mf cBooebeni shryragdll culture by means of a phenotynlcal
trait imparted with the DNA. _The thus obtalned transiormed 'L) :
10 _mictoorganism'd; ceIIICuiture is éfowh to effect exéression'
of tﬁe genetic ihfdrmation thet is encoded on the above-
mentioned deexyribonﬁcleic acid, thereby pfeduéihg'a
Q-thSiologiCally'eetive poiypepﬁide aeeorﬁing'tc the present
11ve“t1v. | | | | |
.15 .~ -~ Furthermore, eherpresent invention-is directea to a
| human TNF, inﬂmaﬁure form, secreted from host ce;ls as
a direct exoression ptoduee. As a'process-fer obtaining </
such a mature hunan THF, there may be ment1oned, for examole, §
a Drocess comprlslng constructlng a DNA sequence so as to _\*/”
20 bond an amino ac1d sequence, known as a 51gnal peptide,
.composec of f:om 15 to 40 amino ac1ds that is derived from
a'mieroorgahism or highér animal to the terminﬁs”of the
amino acid sequence of the-maEure.TNF.
The humah'Tnt_may Ee'bbtained.as foliewsﬁ |
25 1. A bacteriophage-x/rabbit genomie.iibre:y ahd e
'bactefiophage x/humah gen6mic iibrary pre?ared.by

Prof. T. Maniatis, Department of Biochemistry and



16 Mol ecul ar Biol ogy, Harvard University, 7 Divinity Avenue, Canbridge,
Massachusetts 02138, U. S. A are used. These materials nmay be prepared
according to the foll owi ng procedures [see Cell, 15, p.687 (1978)]: 5

(1) \wabbit or human tissues, for exanple rabbit or human pancreas tissue,
are reduced to frozen powder and treated to digest RNA and protein :
materials and provide, on precipitat®®n, high nol ecul ar wei ght rabbit or
human -DNA; 10  Molecul2y Biikdolgiygh Heveowl diniweoaittyDNA iBliarital |y
digested for randomcutting with respect to gene locus; (3) the resultant
DNA fragnents ar &venge.f fapbirddgead MisHarhUseshs P 2B 80 %is G bageepaised -
(kb) fragnents; %4) “the resultant fragnents of Step 3 are cloned using 15
a  Charon 4A ph3jesecPpseriads My beh@HePANCamcarRFddIS & itackaged in

it t i nfecti h ti.cl 1t ai ni DN t in-th -
hbove- nent | oned FRLAPHIBE RERESERE (Bed U8y 150 P87 (A L ¢ The
DNA i ned i f Ex le 3 is 32P-I |l ed by P.WJd.. Rigb t
SIS MEER Crans! 48T onTRBE G Ee BuRER \iSEuS G FOR FRIRRLE, XAtPAN (7 5

Each of the bacteri ophgglgn[ %ra r%%bbi#%%q‘%g’macré i],.berqq{e/e r\%@% %A ophage

. s r
ferr]/human genomc library®rs plate vittual conflTuence on a

| awn of bacteri d K izt s itk e B2k | ed
Lawn of_bactera and s6i@RRednkOl RSS! R Rfe il MEh P PEd AR | ©

materials and provide, on preéipitatiOn, high
molecular weight rabbit or Human DNA;
K/[lo ' (25 fhé high molecﬁl;r'weight DNA_is partia;ly digested
| | for fandgm-cutting with respect to gene’ locus;
{(3) the resuitant bNA fragments are-size-f;actionated
| giving from i_S to 20 kilo base pair'_ (kb) .fragf.e_qté;
(4) the resultant fragments of Step 3 are cloned using
15 ~a A Charon 4A phaéé_ vector; and
(5) the resultant vectors are packaged in vitro to

infectious phage particles containing rDNA to

v - obtain the above-mentioned rabbit or humanJgenomiCa
library.
\'/20 2. The rabbit TNF cDNA obtained in Reference Example 3

is 32p-1abelled by P.W.J,'Rigby et al's nick
trahsiation ﬁethqd [§ee.J. Mol. Biol..lli,fp.237 (1977)] .
3. 'Each;of thé bécteriophége )/rabbit genomic library and
| bacteriophage A/human genomic library is plated to

25 virtual confluence on a lawn of bacteria and screened

for hybridization with the 32p-labelled rabbit TNF cDNA.
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17- 4 From the appropriate clones, the corresponding DNA is isol ated,. .
restriction nmapped and anal yzed by Southern hybri di zation [see B. M
Sout hern, J. M. Biol., 98, p.503 (1975)]. 5 Restriction fraggents
containing rabbit or human TNF genes are subcloned into plasmd vectors and
then sequenced. 5. The base sequence of the rabbit TNF cDNA is conpared
with that of the rabbit TNF gene to determine the exons 10 :
(certain sequences of bases which code fgf-the am no aci d sequence of
rabbit TNF) and introns (certain sequences of bases- which do not code for
the am no agid spgy@nERe0bppaBbLt 2 tRFF18hekhe ehébébtrr'ENEOQQﬁ.ﬁg Bua is
‘Thereafter, the base sequence of the human TNF gene is 15° conpared
with that of thelgabbtédTNEegeaecEQodehebaseaeahheaamn&eancbvl sbueheral the
human TNF gene. 7. ~The anino acid séquence of rabbif TNF fhat has been
deduced from thenpbsecsequesne (sebacnsd Boudilehi,ng .t Meli.nBieds 008 he:
rabbit TNF gene and conbining the exons 20 . - thereof . is affirnmed
to be im agreenept508t 619N&1 ] deduced fromthe base secuence of the rabbit

F cDNA. 8. Next, the ami.no acid sequence of human TNF is deduced from

e babe sequencBeet*Lh91@NA+cadnagetocohmaan;ﬁgFrabhamneﬁ byrdal &NFng t he
introns of the human TNF gene 25 and conbi ni ng the exons thereof.
The anino aci d séghefcaref sehelhosdninkeg Péaéﬁﬁﬁrm&@qggsbénﬂaﬁbﬁalIy in

agreement with that of the rabblt TNF.
: sequencea .

5. The base. seﬂueuce-of.the'fabbiﬁ'TNFﬂcDNéjisvcomnared U
with that of ‘the rabbit TNF gene to dete*mlne ehe exons
10 o o (cerea n secuences of bases wnich code for the amlno
'ac1d secuence of rabbit V?) and introns (cer“ain |

secuences of bases which do not code for the amino ac1d

.. seqguence of rabbit TNF) of't

bblt TNF gene.
6. Thereafter. the baSe'sequehce_or ene_human TNF gene is
15 ' 'i _compared with that of the ;abbit TNF gene to determine_
the exons 2and introns oI ahe hnmah.TN? gene. , o o
]_7. - The'aminonacid'sequence of tabbiﬁ'TNF that has been
de§Le°= from the base se@uence ob;ained by deieting the_f\/
introns of the rabbit'TVF gene and cenbining the exons
20 _ thereof. is  affirmed to be ln agreement w1th that
deduced from the- ‘base" sequence of’ he rabslt TNF ‘cDNA.

8.  Next, the-aminé-acid Secuenee bf human TNF is deduced
rrom the. base secuence of the DNA codlng for human TNF
ob tained by celet*na the lntrons of the human TVF gene

25 e_ - and comblnzng~tne exons thereof. The amino acid
seguence of the human TNF is affirmed to be partially

in agreement with that of the rabbit TNF.



9. ° Then, the DNA coding for human TNF is tailored in vitro for insertion
lnto an appropriatée expression vehicle to formreconbi nant DNA cont ai ni ng

t he coding DNA. The reconbinant DNA is used - to transforman appropriate 5
hostc¢ell which is, in turn, permtted to-¢®ow in a culture and to express
the desired human TNF. 10. The human TNF thus produced has 155 am no acid
residues in its mature form_beginning with serine. Wen it has a S|gnal
peptide in it% predEfuedd® Qe csicgmel feapthuman OTNF is tajjlonesyyin vitro
hydr ophobi ¢ in chgracter. The faqregoing discloses the procedures for -

obt ai ni ng the humd?P TNRSEHTECR HE RSP SRRFaRTLafe tqi@wwmwlfcé.e human.
TNF and t he proceg&bgﬁﬁﬁgrodUC|n the human TNF by the use of the

However, it shoul EESOERS Dps\ c°"t°r‘i"é"f’d}%diﬂ%g=°(ﬁ1§’(ﬂ @s"%re Thenot
i ntended to | imt the and that vi ous chances ma made by
those skilled in the g{rzjtl\ﬁ\%q’t Sriat |er‘?g%t°né: LENSHRY "hla"cﬁé‘%’&ﬂ"éﬁl&ﬁl cs and
t he basig concept pafgat n 0 Ahe variagbl frequency of a
cod.n (genetic ZOhQ’s l)l \é’gl;ltrclgsggﬁ(?:i%gtt[ ot.'éa(ﬁ?‘é'}ﬁ 5C Lcéiod SARY #8r 2ot her
reaons, a partualcuortu%t an@ RO k@ eQfs laae%%h ROYTAGE Yel.ne DA coding.

f or human TNF may be substituted by an orgam c chemcally synt hesi zed
artificial DYA.W TheUhufansiTNg hesaHrdeuaeiad h%%qli%'sc%n% el E&B‘iﬁhbge

obt ai ned t herefrom 25 to be changed. Presumably, the human
intracel lularly puudtittedmlaltut—mbu-he beginding RitRCRErdfer RLSR' Qﬂeahgde
a 51gnal Deptlde in its presequence, the signal peptide
10 is ve:y hydrophobic in'character.
The'foregoing dié;loses tha prougdures for obtaining
the human TNF gene, the base seguence of the DNA cocing for
human TNF and the process for producing the human TNF by
the use uf the_DNA7 However;'it'shoulé be unéerstood that
15 the foregoing disclosure is not intended to limit the invention
and that obviousachangea may be made by ahose skilleé in
‘the art without changing_the essential characteristics . and
" the basic concept of the invention.
Due to the variable use freguency of a codon (genetic
uode)'cqrresponding to aach amino acid and for other
reasons, a partial or entire portion of the base'seauance of
the DNA coclng for human TNF may be SUDSulbLtEd by an organic
chemlcally synthesized artificial DNA without causing the
amino acid sequence of tha’polypeptideuobtainad'theref:om.
25 . to be changed._

Presumably, the human TNF may be intracellularly

_ prq@uced in immature form as a prepeptide or prepropeptide,



19 which may be processed via an internmediate formto a mature TNF in the
processing stage. The immature form of human TNF may be deduced from
t he base sequence of the human TNF gene. The TNF DNA conprising a DNA \J
encoding the TNF in 5 . imuatyre-or internediate formnmay al so be -

reconbi ned with a natural or art|f|C|aII\é1 ¥nthe5|z”g DNA. One ap I|Cat|on
of this tdes fa¢ key BECSEEEPAU1By 3PnIBLEFRGILALSNEON rﬁoné

inthe 5 -end and inserting at |east one-stop codon sel ected from TAA TAG
and TGA iR t% pyocesyingnFtage-he The ukenagRu dent kg ore o Bit keuoxn | TMBLt ur e TNF

DNA.  Due to,the presence of the nethionine codon, the nmature or inter-
nedi ate &1*H r}ﬁ?at Gf'*éu‘l’l‘?lFl mafrk?@ P Rt OTPTYRNGRIPE S Heghe®dT¥Ft h t he |

aid of a SARPT ORI trqltfp % However, 'ghe met hj oni ne resi due attached
to the NIRFTi ndSSof EhE INEIPLA LD P VA £RCOdiNS cthaBYE akRor di ng t o
t he Ki nd ;@ lhe N | h rpose of insertin the stop codon
is to st olp t rgﬁsel g%t 5'?1&0 1}%?1 %yﬁ\l%c{r-rkaﬁ%%%a&%d Re d‘?ﬁ‘f%"r’?\% ERt an )
appropri at ea1Qiahi 9 GCHieidinus fbgg.p{,yé)ﬁpzt gj%@ the formula I). Another -

application of this technique m tal ne by - addingtothe _DNAa.'
hi'ghl'y- hydroplaki @pgase3a@H e It &shiiaud HAl 58 de ,ﬁy this
e the

addition, it may bécone feasible to secrete the TNF to outS| host

ceII or, 1msemrrgas:ﬂue)fmeatlgrm&mgmdide bAmGEriﬁ,thets t-lgecsgagelkggy\gl@é |
"peripl asm' .25 .. When-.a vector in which a start codon is

i ncorpora%'edleaas‘ferqﬂa)mq. aFCFimdsqsb@ctelé fmqmbaapr OﬂHGedn&/ﬂTGh £ANEh&L S
10 . 3*-end of the mature or lnte:nedlate or lnna;ure TN“ DNA. Due _
to the presence of the metnlonlne codon, the mature or inter- \\4
médiate.or immature TNP.may be'pfoduced on the mRNA synthesized
with tﬁe aid of an anorooriate'ércnoter Fowever,'the neehlonlde
residue ateacned to the N-eerﬂ1nus of the TY°.15 cleavea.or
_15' ‘not cleaved accorclnc to the klnd of the host cell edoldyed.
The purpose of 1nser;1 ng the stop:codon ie te_stop tr anslat*on
of the MRNA tran5cripted'from Ehe TNT DN2 at an approprlate
- position (C-terminus of pol vpe eptide of the for1L1a I).
Another aoallcatlon of tnls tecnnlcue may be aﬁtalnea
20 by eddidg to the DVA a hvgniv hycropnoblc base.secuence known _ \;)
as a “signel sequence . By thls acdition, it may become |
 fezsible to secrete.theniNF.to'outside'the host'cell_or, in
the case ef'a'éreh-negative bacﬁeria, inﬁo the sPAcé kneﬁn
as "periplasm". | | |
25 - When a vectbf in théﬁ'a etare codon is incorndrated._
| is employed, a fused peptlde may be produced whlch consxsta
of the human TNF and a penulde at rlbuted to the vector.
In this case, the fused peptide may be clemﬁﬁ_cﬁemicelly

or enzymatieally; Alternatively, the fusad peptide, if



of “‘the human TNF and a peptide attributed to the vector. In this case, the
fused peptide may be cleaved chemcally or enzymatically. Alternatively,
‘the fused peptide, if 20 the main gstivity,of the human TNF i s not
adversely affected, may be used as it“I's. The human TNF DNA nmay be '
connect ed, tBé h&Snr &gt Ovitipsd £ eame ohuhde Dlredd, nba theegsrtyvsedfencedof a
pronoter 5 ‘thereby to obtain a TNF DNA-pronoter sequence whi ch does not
hi nder itsmieepbecasednaanilt dbes not cause translation of the resultant RNA
to be adversely affected. The thus obtained TNF DNA-pronpter sequence may -
be conbined withha wegbAr Thi phaigayepéi edhhedtrcy hactias wagabahi gher
.organi sm 10 cell to obtain a reconbi nant gene. - The thus obtai ned
reconmbi nanhpgegezmayfbendsed-énd | r edstnencankaci=euana=or fhiagpeomorgani sm
cell used as a host. The thus obtained transformant nmay be cultured to
-ef f ects exprhesieby ab tbezIhFacENE DRAepderoterprseduencehenfigmmdotNF. 15
When Escherichia coli -is used as the above-nentioned host, there may be
nment i oned, nas thiedewi tabl eehbitatiani ané Aoesnmodt cEuse ¢amslagionK- 12,
such as HBL1OL( ATCC 33694), C600K(ATCC33955), D1210, RRI(ATCC31343), MC1061,
LE392 ( ATCRE35hE) re3nloznt ARSEIRS 78T, 2dNBISadY SEERRTSCATCEIR2ARRS 20

Wien the E. coli host is enployed, there nay be nmentioned, as t.he suitable
vector, pl &RRedNesudNTaENPBREODO-BBRI2GLSHERIFEY p‘lﬁtﬁ""ﬁﬁ& wich

Py A e R ST R L0720y 808 RECLIATOS A B 1n RIRES DAL B0
7 10 cell to obtzin a recombinant gene. The thus obtained
(v) ' recombinant gens may be usaé o t-ansform a bacterium or

higher crcanism cell uvsed as a -host.  The thus obtained-

I
P4
nj

transformant may be cultured to effect expression of the
cene in order to produce the human TNT.

" as the above-mantioned

[o 18

15 _ When'Esqherichia'cﬁli is us=
' host, thars may ke méﬁtioned; as the suitable host, various
metant strzins of E. coli X-12, such as EBlOl(ATCC 3359%),
CGObR(ATCC33955)..D1210, RiI(ATCC3l343), MCl081, LE392

\  (ATCC33572), JM10l (ATCC33876), JM83 and x1776 (ATCC31244).

v

20 When the E. coli host is employed, there may be mentioned,

as the suitable vector, plasmids sucﬁ as pBRS?Z, 933325,
p3R327, pUCE, pUCY, DMBY(ATCC37018), DIBS(ATCC37074) and
PKC7 (ATCC370384), X. phages_suﬁh as:).g;, .la'and Charon
4A, and M13 phage. To have TNF produced in the E. coli

25 cell, a promoﬁer selected from the promoters of the E. coli
and phage genes may be employed. Eiémples of the suitable

. promoter includs the genes for lactose degradation enzyme



4A, and ML3 phage. To have TNF produced in the E. coli 25 cell, a -
'prom)ter sel ected fromthe pronoters of the E coli and phage genes may be
enpl poyed. Exanpl es of the suitable pronoter include the genes for |actose.
- degradation enzyme 21 (LAC), UV5 juutant thereof, penicillinase (BLA)
tryptophan synthetase (TRP), [err] ge [err] prormter and tac prormter

which is arfaeged g0 mien aof«ggﬁég@pm,%t.rglhelaassg FQHAL%‘% Ds¢e. ds! ada,;tlr;on

enzynme. 5 - Wien Bacillus subtilis is used as YR

- be nentio T adde quwsygbl hm‘th 1 5 crkd 8d 0 BRL rain
(ATCC33677IL)@d}and Mlllz( st I’)gl nk( ATCC337 759- When t%\rﬁé&ﬁ%& u%m%u"b't?‘fl S {‘mst

i s enpl oydd, & rmrseedmtdnmamtoﬂ)r&&ataﬂ:dahe Stidedl Bs e/ D1 2P PS4N ds :
pCl94( A TCC37034), 1Q . pUBL10( ATCC37015), pSA2100( ATCC370l 4) and pE194.
~ Further, \ﬂmatdae:.'mcieldms.ubtl lis host is enployed, there may be _
rrentloned as the suitable pronoter,.the genes for- .

chiSor anpheni colWrese Bacitlilars einzhﬂmé..(i:m% egEshias I‘.t:mahmsand*nere may
anti-erythromycin. 15 When a .yeast is used as the host, there,-
may be meds &ifedtioned, he%mqem@mn hsad BPOT0 Suevhin ohyneezbe@em si ae
~such as RH218( ATCC44O702 SHY1( ATCC4476]{4‘%SHY3( ATCC44771), D131A, 483 and
830.  \WheBiird \REESE M JHTGCE i loyed MHE % shrp e RTIEGHHELR) as Wiken

sui tabl e lectgg Iasn1ds such as 20 -6¥P13(ATCC37115) YEp6, YRp7 and

YTp5.  Furt¥® re:iiﬁéi%;:eas’é KESt iis &R 'R MY bRe nent i oned, as
(the sultable RIQTY s 1WhS g.sun"etsagl%r ALLPPRALEE pe1 94 (2ec3To3a),

10 pUS110 (.=z~¢c37o1 ),

'(l

l ( “CC37014) and 0;194 Fu:ther, i;)

wneq'enn Bac~llLs subt lis host is employved, there mzy be

" mentioned, as tha suita ble proﬁoter, ﬁhe genes for h.f_,
ehleramphehicc. acetvlatios enzyme (CAT), penicillinase'and
anti-eryth:omycin. -

15 - When a yeast is used as the host, there may be mentioned,

. as the suitable host} strains of Saccharomyces csrevisize
such as RH218 (ATCC44076), SHYL(ATCC44769), SHY3 (A CC44771),

D131, 483 and §30. When the yeast hest is employed, there

may_be mentioned, as the suitable vector, plasmids such as
20 YEpl3 (ATCC37115), YEpé, YRp7 ané YIp53. Further, when -/

. the yeast host

C e

s emploved, £here may be ﬁenti@neé, as
the Suiﬁable'n*onoter, the genes for acid phosphatase,
a‘co"o1 cehvc:ogenase (AD{;), eryytophan synthetase (TR P),
DHOSPHOQ y< te kinase (PGK), cytocnrone B(COB) aua aculn..
25 Wheh a higher organism cell cul:ure_ls used as the hest,

there may be mentioned, as the suitable host, the cell

0

ultures of monkey kidney, COS and mouss C127(ATCC 1616).
Wnen the higher organism cell culture host is emplovegd,

'the_re may be mentioned, as the suitable irec_tor, SvVa0.



al cohol dehydrogenase (ADHI), tryptophan synt het ase (TRP) phosphogl ycer at e
kinase (P&X), cytochrome B(COB) and actin. 25 When a hi gher -
organlsn1cell culture is used as -the host, there may be mentioned, as the
sui tiapl e host, the cell cultures of nnnkey ki dney, COS and nouse C127(ATCC
1616) . \Wen t he hi gher organismcell culture host is enployed, there may be
mentioned, as the suitable vector, SV40. .-22 The novel human S
physi ol ocical |y active pol ypepti de28f the present invention induces
necrosis of tunmors with no toxic effect upon the normal -tissues of the

living body. 5 The astelehRphyPerlisde1ek ilha 1 esentyd %Q%Ie%mlﬁ’éyoﬁe
formul ated according to known nethodS to prepare pharnma- ceufical

conposi tions whieCprasentsehvienktabn! HacueRisbinicedsafs ¢8l leuos LaLRL han,
e.g. malignant tunor cells prolifer- ation. The active polypeotide may be

conmbi ned. i n adweivitueéf26t upont kha pbanEACeUlsistdld b REHRPIANIAGCBBRYET
vehicle. An effective anpbunt of the active pol ypeptide of the present

i nvgnti o may The ackédewpbh yaeptiitiablod 2t pir e@fente Hintle® JidnOkd§r bko
prdiare phar maceutical |y acceptabl e conpositions suitable for effective
adm ni strati ofogpulpsedeargpadinglfo known mEldogisy ticolcogicealel phactiave
pol ypeptide of the present invention may be admnistered, to subjects
requiring antFeuF&ﬁﬁﬁ spmaﬁﬁnvppas whighmese, useiad ﬁqnanhaonnhepeudpop,
nasal drop, alasg ﬁernal preparation, oral admnistra- tion, rectal
adn1n|strat|oﬁ of®vagPha 1fgppELonThE - 6a|F§—2Gna‘~d0§@Qﬁ cedd sparpdierde

of the present ..nventjpn adul t
P Et ion: 53 gCulVe polvaeo ide may be ccmbined in admixture

(_ 10 with a pharmaceutically acceptable carrier vehicle.
An effective amount of the active polypeptide of the present

invention may be mixed with a suitable amount of vehicle in

suitable for ef:echlve aéministration to the racipient.
1s The nhvs;oloclcallv active polvopepticde of the presant
invention may be administered, to subjects recuiring anti-

tumdr or antiviral treatment, as an injectlon.-eye érop;

— nasal érop, inhalant, external

'U

epa ation, oral afm1n~s-*a-
tion, rectal administration or vaginal tablet. The cally

>
-~

ye

20 doée of the polypeptide of thef sent invention per adult
may be generally in the rangce of from 50 to 100,000;000
units. It may be preferably in the range of from 50 to
500,000 units in the case of local administration, from
1,000 to 1,000,000 units in fhe case of general injection

-25 such as intravenous injection and intramuscular injection,

and from 10,000 to 100,000,000 units in the case of oral

.administration. The'dailyfdbse may be increased or



may be generally in the range of 'from 50 to 100, 000,000 units. It may be
preferably in the range of from50 to 500,000 units in the case of |ocal _
adm nistration, from1,000 to 1,000,000 units in the case of general -

i njection 25 such”as intravenous injection and intranuscul ar injectibﬁ,'
and from 10,000 to 100,000,000 units-in the case of oral adm nistration.
The daily dose may be increased or: 23 decreased according to the

direction for use and synptom of reli'pient. The terninology' 1 unit" used

above neans, a quantjty of the phyS| ol g |caII i ve pol ptide of the
present 5 $eCT§ARAGAGHTTHNGhitoh G 4 %’ %’él‘l’% n%lrpcﬁfs‘ Pcel I's

(Amari-can 1'¢;§_Cultur%éCbllect|on CCL 1 2) are killed. The above- nentlonéd
guantity is follows. As.culture vessels, there are enployed~

96-wel I mcrotitg eur"e%tm‘ orli%%q”cﬁd\ﬁy o %é&ibﬂ@&gra‘??% a(nlé i , ‘and

L-Mcells are cu S m ninum essen umT— talnlng
1 viv % of v [ | escri bed,
for exanpl e‘pplﬂn [ s@fjsgloéj%%{ uw?élwgﬁﬁyémsu‘kég g1 T 'ellssen%sakura _
Shot ers Japaiyed G )by wnr%‘xsayﬂ)l‘eoéol L wh) c%eiéﬁll.ll ¥ C*..J"Uéﬁdsv‘f b*ité?ﬁ Type .
medi um and the L-M 157 cell suspension (0.1 , 1 x 10 cel are

m xed int o @arhuXeldo Ofeddidmldies and dhe mim@& ar ghé n&é&aé%@i\ ohed for

48 hours in air containing 5 %carbon dioxide. At the end of the culture
period, 20 ¢esndiof I%Lﬁéﬁéﬂﬁkﬂ“&&agollows. 2s culture vessels, there
| 'ére'employed 96-weli microtiter plates_prodncei by-?low
_'Laboratoriés,'inc. (U.S.A;), ;nd L-& cells are cultured in /
10 Eégie's h*ninum es:sentia1 me&ium containing 1 v/v % of
.._.bovine fetal serum [the comoosxt:on of this medium is
described, for e~=nolé,.;n Tissue Culture, edited by
Junnosuke ﬁakai et al, Asakura Shoten, Ja;ang(i267)1. A
sém?lé (0.l_mL) sériaily diluted with the'meéium and the L4ﬁ
s ;éll suséension (0.1 ml, 1 x 10° cellé/ml) are mixed into

'each'well.of_:he plates and the plates are incubated at

- .37°C Zer 48 hours in 2ir containing 5 % carion dioxide. v/
‘At ﬁhé'ené of-ﬁhé'cultgre period, 20 pl oif glutaraldehyde .\;2
is édéed to fix the cells. After fixation, the plates are -

20 washed with distilled water and 2llowed to éry, and 0.05 %
méthyleﬁe Slue (0:1 ml) is_;édeé to stain.the viable cells.l

_ Thé plétgs'are:tho:oughly washed with_dis;illed_water to

- remove excess dve agd allowed to dry. O.BG_N Hycérochloric

.acié is_aéded to each well to extraét_;he,dye'from:stained“

25 . cells. .nbsoraance of each well at 665 am. is méasu*ed with

.Txte*teb nul 1skan p:oduced by Flow Laboratorles, Inc.

The absorbance is proportzonal to the numbg: of vizble cells.



is added to fix the cells. After fixation, the plates are 20 washed
with distilled water and allowed to dry, and 0.05 % net hyl ene blue -(0.1 nl)
is added to stain the viable cells. The plates are thoroughly washed with
distNA ed water to renove excess dye and allowed to dry. 0.36 N o
Hydrochloric acid is ‘added to each wel R4to extract the dye from stai ned 25

cells. Abso'r.lq.ﬁen _each suel |l 1 i istier tek .

Mil tiskan pro uc%g) bey%%%Vb\aﬁ‘aegpggﬁg??g?ﬁ#ﬁ_ctﬁﬁig{y(;{%sdgrﬁa}rf?ellﬁé_ﬁ%lve
Quant | 1y of (e YR Bt A PR e doent s off B MRy SO RS TRA% on
= ! - . I de ot .

by whi ch' 50%f1 1k fm) &3¢ IL-9€ldre ®ildled 1M It akind@ by PIVERIMPAHY dilution
plotting the dilution vérsus the absorbance on a graph.. 5 The

physi ol ogi caldersagt itk RYsvrERhicee odf al kg aphasent invention nmay be suitably
adm ni stered parenterally. In the parenteral preparation, there may be -

i ncorpor@ited as arrisd Py siol oz ilchildlye @t isec ipody priptrialee ofy | Yl ipresent

net Byl cel | ul ose, carboxynet hyl cel lul ose .or 10 the like and/or a pH:
adj #sti ng agemventdromanayartieo ss: iitabd yaridm isdlste r €th paaEntealilde. may al so
be-suitably adm nistered in the formof a tablet.  In the tablet, there may

be i ncor por atlad,thes pereadebiriailv prepaveltions thelreamast aec indoagicasaed t he
like. As a result of aninmal experinment, it has been found that a 15 nouse
tunor i s con@dsetagl ypddddliag by aotbickengy | sucht i ass emiorosien nost cases. '
In particular, an aliquot of artificial neoplastic cells (lIVEt h- A cells)

were transpl Eg,hyé@rtl@e[,hengmhylcellulose, carboxymethylce lulose or

U 10 the like and/or a pH adjdsting agéht such as Va;ious inorganic -
salts. The polypeptide may also be suiﬁ;bly adﬁinistered in the
form of a tabléﬁ. In the tabiet, thére may beiincorporated; as
an additive, a vehicle such as starch, lactose or the like.

As a result of'animai_experiment. it ﬁas been found that a

15 mouse tumor is coﬁpletely'heéled by one or two iﬁjectionS-only,

in_most cases. In particular; an aliquotlof'grtificial

neoplastic cells (MethéA cells) were transplaﬁﬁed to the skin
of each mouse. When the tumof-grew to have a diameter of 6 to

7 mm, as little as 0.6 pg of the pélypeptidé of the present |

\;/ 20 - invention Qas injected. A week latef,'a.3cab appeared. Two

weeks later, hairs began to grow; which means complete healing
of the tumor. Lager, pregnancy and successful birth were

observed for the mice.



of each nouse. Wen the tunor grew to have a_dianeter of 6 to 7 nm as
little as 0.6 [err] of the pol ypeptide of the present 20 i nventi on was
injected. A week later, a scab appeared. Two weeks later, hairs begagyto
-grow, which neans conplete healing of the tunor. Later, pregnancy and .
successful birth were observed for the mce. 25 The present invention
will be described in nore detail with.reference to the follow ng :
Ref erenti al " Exanpl es and Wor ki ng Exanpl es, which should not be con- strued
to be limting The PESFENG ONenfiosentils be [dragi®it I3 MARRticing the
-present invention, construction of a reconbinant DNA and inpsertion of a’

r econbi nanBeRAlt FiihnFefssrgas $@ Hre D ReT$r ettt tance with the
procedur e descrgbed ig he toIIgMjn 1gé;eanpntaL 101. reports _

[ Li t er at ur &2PPL2S0 204) ,"rt]f‘tﬂnéss"&t“g’ef" s SHEGC (9=, YastRHka Takagi,
Manual For Geneti ¢ Engineering, Kodan-sha, Tokyo. (2) _Yasutaka Takagi,
Experi ment zfl%'l\?t?ldhg:& F’% S ‘.313%' SCOPE Qi e 'n%s,e-?(bdan-sha, Tokyo.
(3) T 'NaTﬁ@jdiﬁoﬁ. F. Fritsch, J. Sam Brook, Mol ecular Coning, Cold
Spring Harbor Laboratory, New York. (4) Ray Wi et al., Method in

Enzynol ogy, Vol 'Inlg:&:’ac%(}.cing the AAEHL J.Fr){ﬁ.?t?‘*lé\.l?)’v G & ruction
of a recombinant DNA and insertion of a fgcombinant DNA to

a microorganism are carried out in accordance with

cr

ollowing experimental

3
n

[
rh

the_prdceéu:é described in
IOI répérts_ [Litefaﬁu;es:(l) to_(4)];_unless_othgrwisé 
indicated.
(i) “Yaéutaka Takagi,_&aﬁual Tor Genektic Enginee:ihg.
chanjéha,_Tokyg. | |
fZ) Yasutaké Takagi, Ex;érimental_Methoé'In Genetic
15 Ehgineefing,-kodanfsha,_Tokvo,
| | (3) T. Maﬁiatis, E. F.,Eritsch, J. Sam Brook,
Molecular Cloning, ;oiﬁuspriﬁg Harbor Laboratory,: <
Néw.YQrk- _ _
(4) Ray Wu et al., Method in Enzymology. Vol. 101, g

20 - RAcademic Press, New'York.



26 “Abbr evi at i ons used in Referential Exanples and Exanpl es MOPS:

nor phol i nopropanesul fonic acid LB nedi um ' Luria-Bertani nmedium5

. DVBO di et hyl sul f oxi de PFU. . pl ague form ng unit EDTA

et hyl_enedi am riet etraacetic acid SDS: sodi um dodecyl sul fate BRL:

Bet hesda Research Laboratories Inc. 31§ DM - -

di met hoxytrityl |ac: | act ose Tris: tri s(hydroxvnet hyl ) am nonet hane
XAR- 5! X-raynbbtavigenghachyegdi ANRe 884 &n bya Bagkanpl Kodaks Conpabyes

US A 15 T X SSC.— 0. I5 MNaC~ + U. 0I5 sodiumcitrate, pH/ 2

X SSC: 0.30 MNadl + 0.030 Msodiumcitrate, pH7 3 x SSC. 0.45 M Nad +
0.045 M sodiumcitrate, pH7 5 xSSC. 0.75 MNad + 0.075 Msodiumcitrate,
pH7 6 x SSC: 0.9 MiOREL ‘+ 0. 88rphshilhdprepanasel Zphlic28cic FDSS:
50 % dei oni zed formam de + 5 x Denhardt's + 5 x SSPE + 0.1 % SDS + 100
[err]/m denatured chBf mefiyunms DNA RBria-Bertani medium

. S . DMSO: -dimethylsulfoxide'
'} i
PFU: plaque forming unit
EDTA: ethylenediémihetétraacetic acid
SDS: | sodium dodecyl sulfate
- BRL: Bethesda Reée;rch Léboratories'lnc.
K,/lb - ) DMT:  dimethoxyt:it§1 |
léc: lactose
Tris tris(hydrdxymethyl)aminohethane
Xar-5: X-zazv £ilnm nanufac:a:ed and sold by Eastman

Kodak Company,. U.S.A.

15 : 1 x SsC: 0.15 M NaCl + 0.015 sodium citrate, pﬁ?

2 x SsC: 0.30 M NaCl + 0.030 M soéium citrats, pH7

3XSSC:  0.45 M NaCl + 0.045 M soéium citrate, pH7
v E ~ §xSSC: 0.75 M NaCl + 0.075 M socdium citrate, ph7
o 6 x S5C: 0.9 M NaCl + 0.09 M socdium citrate, pH7
o/ -
20 FDSS:

50 % deionized formamide + 5 x Denharét's +
5XSSPE+0.1 % SDS + 100 pg/ml Genatured calf

thymus DNA

25



27 SSPE: 0.18 MNaC + 10 mM[err] + 1 nmM EDTA, pH7.4 SM phage
storage nedi um which contains 5.8 g of Nad 2 9 of [err] 50 m of 1 M
Tris.d(pH7.5) and 5 m of 2 %gelatin per liter. NZ-broth: nedlun1mn~§h
contains 10 9 of NZ amne, 5 g of Nal and 2 g of [err] - (NZ amne

a Type-A hydrol ysate of casein manufactured and sold by Hunko Sheffleld
Chemi cal Division of Kraft, Inc., USAp4l PTG i sopropyl

t hi ogal act osi de 'x-gal : " 5-di brono- 4- chl or o- 3- |ndonIgaIact05|de TAE: .
0.04 M Tris-acggmge (pHB. 98 M RaB®2+M BDRA. ﬁanéﬂgphardt s solution: an
aqueous solution containing Ficoll* 1000 ng, polyvinylpyrrolidone 1000
mg and BSA 1000 ng per {i#MrebpA, pH7.4 base pair * -FICOL is a Registered
Trade Mar k 28 Referenti al Exanple 1 (Evaluation of cytotoxic activity .
against L cells) The evaluation of the cytotoxic activity of the physiolc 5.
gically active substance prepared in the follow ng Referential Exanples and
Exanpl 8M:agai nst Lpbekles sitorajgiee redd ugy whiedudang ains SdHtdxdt a¢bct on

the L929 cells (Anerlcan Type Cul ture Coll-ection CCL 1),
g of MgS80,.7H 0, 50 ml of 1 M Tris. Cl(pH? 5) and 5

ml of 2 % ge]atin per Titer :

NZ-broth: medium which contains 10 g of NZ aminé, 5 g of NaCl
and 2 g of MgSO0,.THO (NZ amine is a Type-A o
~ hydrolysate of casein manUfacfured'and sold by Humko

Sheffield Chemical Division of'Kraft; Inc., USA)

IPTG: | isopfoby] thiogalactésidé

x—-gal: 5;dibkomo-4-ph10fo—3—jnd61y1g§1acto§idé

'TAE:.  0.04 M TrisQacetatg (paé.b) - 0.60.'2_"- M EDTA \J:.
'5 * Denhardf’s_so1uti§n:; | | | | -

an aqueous solution containing Ficoll* 1000 'mg;'
polyvinylpyrrolidone 1000- mg and BSA 1000 mg per
liter | |

bp: base pair

* FICOLL'is a Registered Trade Mark



I n accordance with the nethod of Ruff et al [see'Lynphokines,_VbI. 2,

edi t ed by E. Pick, Academc Press, N Y., p 235 (1980) 10 or the nethod
described in J. Innunol 126, p.1279 (1981)]. The nethod of eval uation of
the cytotoxic act|V|ty of t he physiol“®gi cal |y active substance prepared in

the Exanpl es | SeERpRAFHRY BE#BRLe AL culture vessels, there are enpl oyed

96-wel |l mcrotiter 15 gi tesﬁgroduced b Flom/Laboratorles I nc.’
(U S.A), and L929 cel | s ‘BYRIeaFioR F i Y BAEPELS i ni num essential nedi um

containing 1 v/iv %of fetal.calf seru ﬁgg_ ﬂ*fr{] (final concentration) of
actinonycin D [the compo’ft1Bh %fa??ﬁ%s i GRT 18! descri bed, for exanple in

I K | K
I;BZEG@G%;”Z sampf2e (741 BFF LS, S8 PR T m?%caﬁ;l 29%21 Frigors
L929 A _
t he pfgtééss;ﬁgﬁiﬁgggygge%’vg'rseub%%%eg#% ﬁc%ro% g“?%%g’é‘rﬁ &a?":’le‘
containing 5 %aggrﬂg__gsg_gjo;% LAEeil@ef.Sn?‘féta? é’ghﬂ% u%%ﬁagaé Ef@[gb#)erl O%"@ct

20 J[err] of a 20 % aqueou utiron o utar

cells. 'After fonXxahkoRg2d Bewgamﬁa@iéae{vaﬁ SQ c%ibuf’é sédll&ck Gt E‘éc@rﬂ
allowed to dry, and 0.05 % net hyl ene bl ue .1 m) is added to stain the

viable cells. iFhecpbaligscar@itRotReghéYhod 89 rasheg vat h[é’éét]!.}rh%%ésr

to renove excess dye and allowed to dry. 0.36 N Hydrochloric acid is add ed
to each well 't Wcdxt Racedibeddwe Er opisk pi Aesdemrit sPreddsam bancep of32acingo)
wel | at 665.nmis measured with Titertek Multiskan (produced by

10 . or the method described in J. Immunol, 126, p.1279 (1981)].
N\ The method of evaluation of the cytotoxic activity of the

physiologically active substance prepared in thg Examples
is explained below.
2s culture vessels, ;Eere are employed 96-well microt er.
15 plates produced by Flow Laboratories, Inc. (U.S.A.), and
L929 cells are cultured in Eagle's minimum essential
medium conﬁaining 1.v/v % of fei:al calf serum and 5 ug/ml (final
concentration) of actinomycin D [the composition of
this medium is described; for example, in Tissue Cglburn
20 edited by Junnosuke Nakai et al, Asakura Shoten, Japan'(1967)
A sample (0.1 ml) seiially diluted with the medium and the

L929 cell suspension (0.1 ml, 1 x 105

cells) are mixed in
each well of the plates and the plates are incubated at 37°C
for 21 hours in air containing 5 % carbon dioxide. At the end
25 éf the culture period,'ZO‘Pl of a 20 % aqueous solution of
glutaraldehyde is added to fix the cells. After
fi#aiion, the plates are washed with distilled water
and allowed to dry, and 0.05 % methylene blue (0.1 ml)

1S acdded to stain the viable cells. . The plates zre thoroughly



5 Fl ow Laboratories, Inc., U S A).The "absor bance is proportional to
t he nunber of viable cells. The cytotoxic activity of the physiologically

active substance, unit/m, is defined as the reciprocal dilution of tkg
physi.ol ogically active substance that causes 50-% cytotoxicity, and can be
obtained by plotting 10 the dilution versus the absorbance on a '
gr aph. The "1 unit" used in Referential Exanples neans a quantity of the

rabbit 5 TNF by which 50 % of 10 2%ells/m of L929 cell's are killed. On the
- other hand, the anmount of protein is determned by a nethod in which
 Coomassi e¥afrdd |wit dElard G280 Wageppiigeer®ve exaes Hrdeeianc add@v®idng to
- the teaching of Bradford et | (see Anal_. Biochem Vol. 72, pp 248-254
(1976)) . to REG st F €¥f M didaaghid oris@qidt drerddgd BRAS >edlega
(Preparation of TNF from rabbit serun) Femal e rabbits, weighing 2.5 to 3
kg, ~are FRIERFedhf (S Lrom sraipest dokhie i RIFTR/PH P FRDaMES um
acnes (Coryne:_bacterium parvum. Vel | come Research labarataries,,Encland)
Uhrough tRE §63 WEiTe M2 TRCUAALT Ahes 400 ol 1) ShAR dRABESRFR BY .

Lshor ot or T LSS "ERRSE S PRESHR S B B0 PSP A 5 i Shonas
nepar i n ooty o B4 Vidile RRIST M ke B e biood s
then ‘the physiologically active substance, unit/ml, is defined as
_ tbé.;eciprocal dilution of the'bhysioloéiéaiiy"acéivé'substéhCe
 that causes S0 % cytotoxicity, and carn beé obtained by plotting
10 the_' dilution versus the absotbéxice_ on a gfaph._ “The "1 unit"
used in Referential Ekémpleé means a guantity of the rabbit-
TNF by.which 50 % of 10S éellS/ml of 1929 cells are killed.
On the other hané; the amoﬁﬁt of protein is deéermined
by 2 method in which Coomassie® Brilliant Blue.G250 is bondecé
15 tc protein, accordiﬁé to the teaching of Bradford et 2l [see

anal. Biochem. Vol. 72, pp 248-254 (1976)].

* Registered Trade Mark o R o \*/



centrifuced while cooling at 5,000 rpmfor 30 minutes to remove blood cells
and insolubjie solids. As a result, 15 = a plasma (2.4 liters) having a
serum JNF cyotoxic activity of 3 x 10 wunits/m is obtained from 40
rabbits: Step 2 (Partial purification of TNF fromrabbit serum 20 -

To the plasma (2.4 liters) obtained irgoStep 1 is added 24 g of cellite.

The resultant is stirred for .one hour, and then subjected to filtration.
The filtrate | Reffexedtielhetadpléters of 0.04 MTris-HO buffer (pH 7.8),
and then applied to a colum of DEAE- Sepharose*CL-6B (manufac- 25 ‘tured
and sol d by Pharmacia Fine Chsgegals, Inc. Sweden) sufficiently - :
equilibrated with 0.04 M Tris-HC buffer (pH 7.8) containing 0.1 - M Nad .
The colum is washed with 0. Oﬂré@é'ré.siddﬂobUTﬂBrfrékﬂdréﬁfﬁi@dsg&f@l?d TNF is
eluted with * Registered Trade Mark 31 0.04 MTris-HO buffer (pH 7.2)
cont ai ni ng 0.18'NIh5€m¢l$Wa%bbbhs;euéﬁiﬁiﬁmgac&tﬁaowimgﬁctéggtiﬁgéégggry%tg_
cells are congentrated by ultrafiltration. The so obtained coricentrate I's
applied o a cof URih of fepmatintkiBlbed Brovior ket et um cok syl cod-Jor

Phar maci a Fi ne quglcals, Inc. Sweden) sufficiently equi lTbrated wth 5 nmM
phosphat e buf fBESSRTEWR|BRTYER; iR LiGoRe (RRSeameEh Dislera todies A@idiend)

fractions are e gg'ntrAted by ultrafiltration, whereby a purified TNF.6
having an actiViiy o 3% K2A0vethi t E1ohtRPYS skaksni }00 pg of endotoxin

(lipopolysaccharide.from Escherichia gg;;.OZS:BS, proéhced
| by’ Difco Laboratories, U.S.A.) is inje;ted again th:ough.

AR the ear vein and 2 hours later whole blood is collected from
the heart. To the collected blood, heparin sodium ;g added
in an émount §f 100 units per 100 ml. The blood is then
centrifuged while cooling at 5,000 rpm for 39 minutes to
remove blood cells and insoluble solids. As a feéﬁlt,

15 2 plasma (2.4 liters) having a s2rum TNF cytotoxic activity

of 3 x 10" units/ml 1is obtained from 40 rabbits.

Step 2
(Partial purification of TNF from rabbit serum)
20 To  the p;asma'(2.4 liters) obtained in Step 1 is
added 24 g of cellite. The resultant is stirred for one
houf, and then subjeétéd to filtration. The filtrate is
ixed'with_l.é liters of 0.04 M Tris-HCl buifer (pH i.&),
and then applied to a column of DEAE-Sepharose®CL-6B (manufac-
25 tured and sold by Pha#macié'Fine'Chemicals,-Inc. Sweden)
sufficiéntly equilibrated with d.O4 M Tris-BCl buffer (pH
" 7.8) containing'o.l M NaCl. The column is washed with

0.04 M Tris-HC1 buffer, and the adsorbed TNF is eluted with

'* Registered Trade Mark .



6 10 _ activity of 18 x [err] unlts/ng is obtained. Step 3 (Anti-TNF
anti body) The rabbit serum TNF partially purified in Step 2 i's mixed with

compl ete Freund's adjuvant (1:1) and then |nJected 15 subcut aneousl al
the back of a 12 week age BALB/c ppl e nouse. The above operation is. _
repeated 2 and 4 weeks after the Thitial injection. One week after t he
last inj e&td,prh Mhal el q&d:#@,. cp‘gliey:tg;j coftQfhihg 6018 eliegad]l pod, a serum
i's obtained. 20 he so-obtai ned serumis added to the culture

medi um f o gvad okad | h b1 4 *K?(%¢€$€&k£c68étﬂVLileﬁ dbkingsi Dséelisel Is in
such an anount that it is diluted 500-fold in final concentration. The

-Cyt0t0XiCaﬁﬁtidéﬁé@ﬂﬁréi&ﬁrm%bmlbsefﬂhtfaﬁlagalnshaLsoebbSaihsd evaluated
in the sanme manner as 25 = described in Referential Exanpple 1. It
found t hatohhentabbst iserappTNEd ekdi i colump oft 6epheery)” GoaPAst L cells.
From the above result, it can be concluded that the nouse * Registered
Trade Mar kmanu82cteredn obd asatd by Phesmacép eéﬁﬁa?h§mbﬁabﬁtlﬁbﬁy to the
rabbit serum TNF (hereinafter referred tq as " TNF ant i bod "; 5

Ref er ent i Bregrahprei it eptly (pEapALAERSR0 rl?NFSpF%lda ?ﬁaﬂéef-‘l ytiex

and gel flltered using the same burfer. The active fractions

are coqc=nbr ed by ultraf il ~ation, wnnreby a ourlend TNF
ha«1ng an ac;xv;;y of 3.5 x 10 Lri*s and a sp°c1f;c

190 a-;;v;;y of 18 x 106 Lnlbs/mc 15 ODuE’D“d.

n Step 2
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n*xad with complete Freund's adjuvant (I:1), &nd njected
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0

15 : subcutaneously at the back of a 12 week age BALB)c maié mouse.
The above'ooera;ipn is repeated é-ané 4 week#_éfier the
-lnl*lal -n)a*t*on.  One week after the last injection, whole
bloodé is collected. From the collected blood, a serum is Ul
obtaihed.'_

20 _ The so-obtained se:uny.is aéégd to the culture medium W/
for evaluation of the cytotoxic activity of TNT against L cells
in such an amount that it is &iluted 500-£old in final
concentration. The cytotoxic activity oi the rabdbit serum
TNT against L cells is  evaluated in'theisame mannéf'as

25  deszribed in Refe:ential Example 1. It i#ﬂfognd'thab the
rabbit serum TNF exhi bluS ho cytotoxicity against L cells.

From the above :esult, it can be. conc‘u ed that the mouse

* Registered Trade Mark



A fenale rabbit, is injected intravenously with formalin-killed cells of

Rr opi oni bact eri um acnes (Corvne- 10 bact eri um parvum Wl |l cone
Research Laboratories, England). Seven-days |ater, the rabbit is subjected
to. tydcheotony, and the lung is washed with a physiol ogical saline
solution, whereby floating cells are obtained. The so obtained cells are
washed with a physiol ogical saline sol32ion. Using as 15 a culture
medi um RPM 1640 (Flow | aboratories Inc., U S A) containing 10 v/v %
fetal calf sesemgm tdntadaidds iy ehiie Widpedomtigrs | dm aitimmiy doittge 5 % -
carbon di oxide. The cell culture is divided into two groups, and to one of
t hem endot oxi FeRkekt \s&r SNFEsGrRasigisifsecoimeiayred to (33 pBsdtir<ENR har i de
from Escherichia, coli 026:B6, produced by Difco Laboratories, US A) is
added at a.coMeRIGMilon of 10 [err] The same anount of sterile water is’
added to the other.  The supernatant of the cell culture to which endotoxin

i s added exhibits cytotoxic activity against L cells, and the activity
reac’:hes5 t he XEum val.ue w thi n seven hours. Such activity is dissipated
by the anti - My EHPY%S fot dissipated by the normal nouse serum

On the other hand, the supergiaient of the cell culture 5 - to which no
endotoxin i s added exhibits “ho cytotoXicity against L cells. Step 2

(Mol ecul ar - wei ght of TNF) TogsheoLaldi bl dpmnar SRt didd S eps)l to which
endot oxi n 10 is added, radioactive [err] methionine {1300 C /ol ,

‘A female rabbit. is injected intravenously with

formalin-killed cells of Provpionibacterium acnes (Corvne-

10 bacterium parvum; Wellcome Research Laboratories, England).

Seven days later, the rabbit is subjected to tracheotomy,

and-the lung is washed with 2 physiqlogical'saline solution,
whereby floating cells are ‘obtained. The so obtained cells
are washed wi_ﬁh a physiological saline solution. .Using as
15 2 culture medium RPMI 1640 (Flow laboratories Inc., U.S.A.)
containing 10 v/v % fetal cz2lf serum, the cells are
incubated at 37°C in 2ir contzining 5 % carbon dioxide. _
The cell culture is divided into two groués, and to one

of them endotoxin derived from Escherichia coli

20 (lipopolysaccharide from Escherichia coli 026:B6, produced
by Difco .Lalb_oratories, U.S.A.) is added at a concentration
of 10 }Jg/ml‘. The same amount of sterile water is added
to the other. The supernatant of the cell culture to which

endotoxin is added exhibits cytotoxic activity against L



“produced by Anmersham Industries plc, England) is further added (1 nCi/m) *
In accordance-with the nethod of Laemmi [see Laemmli, U K (1970), Nature
(London), Vol. 227, pp 680-685], the supernatant is .analyzed by the SDS-
15 pol yacryl am de gel ‘el ectrophoresis. - The gel concentration is o
adjusted to 12.5 wt % . After the el ectrophoresis, the gel is treated with-
ENHANCE[ err] {(trademark of a product3®»f New England Nuclear Inc., US A),
and after drying, is exposed to X-ray film (Fuji RX, manufactured and sold
by 20 Fuji Photo Film Co., 'Ltd., -Japan). In the supernatant of the. *
Regi st ered Te€UEs 34 cel |, culture in the presence of endotoxin, it
i s observed 't hat -nggsﬂlﬁ)s%ha%caeci‘tfa‘{ﬁr% Eeaohesuthe wakdhumolaghaul ;17500 is
- formed. FurtiEMentH&hgggxﬂgﬁgﬁﬂg of each cell culture preparedw%thlnin Step
1 is subjected to SES-pol yacryl aﬁﬁ“d‘é’-'@él 18| e@issipahaaegbst'hg %Qg s%rre _
manner as dmﬁﬂws_l',alya\te.ig'h%rc&l- after, the gel is shaken in 2752~ INKp .
[err] (a surface active agent so 3%5?*55§ﬁ4m%&n¥h¢1ﬁbfmalfﬂgugge qur, and
then in water foOnt whehouher ARLE! Fhaki g&iﬁeaoh figration 10— Tan&™is
separaied by cutting, and cut intd stri SR RN Of hthe Gelli rEetd, 0
per pendi cul aP ¥81iFhendi eadbtonial $4-9Lati.qn_ Each strip is cul tUY—GJP”‘[V%th L
cells, and evaluated for cytotoxic actl Vle%/ Sgthisks L meldwcotdiditg, | ane
on whi ch th89S4p&Enhtaellsf the cell culture 15 - containing endotoxin is
devel oped, cytotoxicity against ' ' -

: : o - Step 2

(Molecular weight df'T&FJ )

10 s acjded, radioactive L-{55] methionine (1300 Ci/mmol
-;:?rodﬁced'bg"AmeESham Industries plc,.Englaﬁé). is fﬁ;th;r
- .added (1 mCi/ml).. In aCCQrdanée_with the metﬁéd'of Laeﬁmli
[see paemml-i,‘- U.K. (1970), Nature .'(.Londbn); -Voll..' 227 o
PP 680-685], the suﬁernétént is .analyzed by thé SDS:.
15 pquacrylamide gel electrophoresis. The éél cdncéntrati§
1s adjusted ﬁo 12.5 wt $. After the eieétrophoresis, i |
- the gel is t;géted with ENHANCE?'(trademark §f'a product ~
=~of Néw England Nuclear Inc., U.S.A.), ang after drfing} is \;) e
'expdsed'to”x-tayifilmf(Pujifo,'manufaCturéd and SOIdiby . |

20 - Fuqi - . '
_ uji Phpto Film Co., Lt4., Japan). In the supernatant of the

* Registered Trade Mark



L cells is observed at a position corresponding to the nol ecul ar wei ght of
17500. ‘'No:cytotoxicity is observed at other positions. 20 _
Step 3.(Extraction of mRNA) The cell culture as prepared in Step 1 is -

i ncubared for 2 hours after addition of endotoxin, followed by centri-
fugation to collect cells. Extraction of cytoplasm c RNA from 35 the
coll ected cells and extraction of A fromthe cytoplasnic RNA are
effected in acccrdance with the nethod of Chirgwin et al [see Chirgw n,
J.M et al, Biochemstry, Vol. 18, p. S294 (1979)]. 4 nm of a 4 M

guani di ne thi e&xgnehﬁtﬁeéumoeme8?535ﬁnceaeﬂ_edntsetéx&n[;eri/ﬁil igebbsergag the

m xture is pulverized by neans o onogeni zer (Moddel: AM 7, manuf act ured

and sol d by Nehae SeskbsEgh&akHsPOnglapaBleculBe kesigheepfaadoutenysed by
centrifugation, .and 2.4 g of cesiumchloride is dissolved therein. The

m xture i s cagefgkhgapoured into a polyalloner 10 tube in which 2.5
m of 5.7 Mcesiumchloride and 0.1 M EDTA solution (pH 7.5) has been
| oaded in advance, Fapdhtbgnthebsepeefatantl bfaearhr cklgacudtuze $@e8a@edpm
for 12 hours at [err] usino Beckman *SWA1 rotor (nanufactured and sold by
Becknman BnstrdmeStepUlSiA subjéfted tenblatprolybakeylapddeacaidt elestro- the
pellet is dissolved in 1 m of 10 MM Tris-HGO buffer (containing 5 nM.
EDTA and 1 w Phorspds. inThaer sa3mpt mAQRNSS| 86i §ascird bed edoved wlherg-4: 1 by
vol ume m xture of chloroformand 1-butanol. To_the ggueous phase, 0.05
vol unme after, the gel is shaken in 2.5 & KP 40" (a2 surface active
agent soid_by_Calbiochem, U.S.2.) for one hour, and then
—/ in water for two hours. After shaking, each migration
10 lane is separated by cﬁtﬁing, and cut into strips of -
2 mm-width in a direction perpendicular to the Girection
of migration. Each strip is cultured with L cells, and
 evaluated for cytétoxié activity against L cells. 1In the
lane on which the supernatant of the cell culture
_15' containing endotoxin is_devéioped, cytotoxicity against

L cells is observed at a position corresponding to the

™. molecular weight of 17500. No cytotoxicity is observed at
Y o:hg; posigions. |
.20 ' Step 3

(Extraction of mRNA)
The cell culture as prepared in Step 1 is incubated
for 2 hours after addition of endotoxin, followed by centri-

fugation to collect cells. Extraction of cytoplasmic RNA from .



of 2 M sodium acetate and 2.5 vol unes of ethanol are added, 20 and
alllowed to stand at [err] for 2 hours or nore, thereby to prepitate RNA
The precipitate is collected by centrlfugation, dried, and then dissol ved
in 500 [err] of sterile water. As a result, a cytoplasm c RNA solution {(g
obt ai néd. 25 . The above- obt ai ned RNA solution: is heated at [err]
for 2 mnutes, and thereafter " chi35l ed quickly. 500 [err] of 2-fold

'conCentratlg

Trade Mark®
added to t solution, and the mxture is apple

a%oﬂﬁ

n 10 nNITrls EDTA buffer (pH 7.4) (containing * Reg|stered
¢ SBLieRRPEDTALLS. Anw/ ¥..% SBS;8Rd,Q- a M‘l i.thiumchloride) is

eYteplasmic

'dT-ceIIquseA(ﬁEﬁuf%nE%?EQGand sotcrdynBet hesglar s§g£§Q%Laborator|es

| nc. -and washed with 10 nl of t

colum is g4 y)d]wt‘gﬂ%Am of an elution buffer conta| 0

buffer pH 7.4,” "1 7™M

t e PtFerin
_(one fold concen ?%leﬂﬂrﬁﬁlﬁes%rMbedﬁa&DyeeloaX@h ﬂ get ned b
i ng

i s

U o M \GuerhSDR tiibdnAldal g, S, added 0. 05

volune of #aud tate, 8ol ution and 2.5 vol unes. of et hano tl afhd"ﬁh
AP ‘% %;

" nmixture is 10 . coole 3. tadrtde prinatere e ANIRI.A

col l ect ed nmergeg if | % i _and agpl ied to the olico dT-cel
and the fractions adsorbet <5 14

tﬁ osx,y col urm

IR :c PMT.c eadnd foset vired Gl -@hieqd.

t he

pg of NRNAY Niheeowaied &% @%t}\%rm neg, by the ultraviolet spectrum anal ySI S.

15 2

" by-.centri

qaﬂdct|6%ERln§$udheﬁwﬁk
~uaatlon, and 2 4 g of c=s;um chlorlce is

therein. The mlxeu*e is

1o .tube in Whichlz.s'ml ©f 5.7 M cesium chloride and
solut‘on (PH 7.5) ha= beoq loaded in adVance .

’

suajecteo to ultracent: fuca

at 20 C using Becbman SL;

| Becxman Irselamene. U s. A. ).

15 the.pelletlls |

(conzainin

Q)

caregully poured ihte a polyallomer

0.1 M EDTA

A‘te* reﬂoval ol the s
d*ssolvec 1n 1 nl of 10 mM Tris-ECl bp

5 m4 EDTA and 1 w/v § SDS) The resul::;

removed

cissolved

and then
ion ae 30 000 rpm for 12 5ours

21 rotor (1'1a"xu*'a.ctx."e'= and.sblé by

ting

solu=i, i ctr 3
. usion is extracted with a 4: 1l by volume mixe
chlordform and'l-butanol To
of -2 M T '
1 SOG*un ace ate anéd 2.5 volumes of ethanol are
20 and allowed to stand at —20°

~to prec-pl:aee REA.  The Drecipitate is

collected by

accéed,

tor 2 hours or more, thereby

ceq rifug tlon, arled,
sterile water. As a result
. 14
_ _ obtained.
25 ® ; i Ri
' The above-obtained RNA solution
2 minutes, ang thereafter, chilled cuickly

concentration 10 mM Tris-EDTA buf

* Registered Trade Mark

and then Gissolved in 500 Al of

a cytoplasmic RNA solution is

is heateg at 68°C for
500 Fl of 2- Fold

fer (pH 7.4) (coneaxnxng

kY,

ure of .. “

the agueous phase, 0.05 voiume



880 ferr] of nRNA prepared by the sanme nmethod as described in Step 3 is
difssol ved in 250 ul of water, and the'resulting solution is layered onto a
10 nt+ 5:25 % |inear sucrose den5|ty 320 gradient. The sucrose density .
or adi ent i 1PAEPEDSH, B, 5075 01 shCLETH s1imd o6 o (R 864 1 29 AddksoL

by I SCO Inc using Tris er solutions [containing 25

Tris-HA (ptéé é}lublaw1ﬁgﬂﬁ £ne ﬂ1¥é¥ré6§ifiobiﬁéée€6|Xetﬁocﬂatélﬂbag > %

sucrose and sucrose Usi ng Beckman*SH41 rot or,

ultracentri fwcaki 0P bse e{hekd £8ceb d808R4T B 80by 18e bRuEEaaRekeEEE and
fractions each of 400 [err] are recovered by neans of a fraction recovering
apparatus (gaByratasibsgdiasd, sold.Ry)Beskann, | aadrwashed WithALd, nangs t gy
et hanol precipitated. The precipitated fractlons are centri- 30 f uged,
and di ssol vedrenbateet! conet £613* cRrgesteaetlod) ads 8as&ribed87abbep.5 The
(Experinent on translation of nRNA) Translation  of MRNA  usi'ng

oocyt es otaXemdplsrkaeynsd bybnhaatsmtho&sgébat°ﬁeaihhn@ nmat efi ahs) is
conducted according to the procedure described in the experinental reports
(for exanpl elukiposhi:fTeraokataihkng LOsmii Tahg-REAt BrELFanaRa7 -4 Pr dtwiin,
Nucl ei ¢ acid, Enzyne", Cenetic Engineering, extra editiqn 1981, p 602)
Xenopus | aeBDFA @ndpPedurdd Br SRSHanERatdE SFGFGQPC&F Fé&éﬁlﬁgoﬁaﬂelkaﬁs°f
10 Fractionated nRNA obtained in Step_4 is sol.ved, in téﬂé | e wat er
to have a cERCINFY ACRSATEF SPLPEiprp anh@-phol S“B?%f’?o‘?f-ha"o 1, an mixture is

10 cooled at -20°0C to precipitate. The precipitate is collected by

KJ ' centrifigation, and zpplied to the oligo decellulose,column,

(o}

and the fractions aéeorbad 0n£0'tb° olico &T-cellulose are

({4

collected. 85 pg of mRMA is recov ered as dete:m;n é by the
ultraviolet spectrum analyszs. |

15 - ~ 'Step 4

| ) (Size fractionation oi mRNA)

€80 pa of mRNA prepared by the same method as described in

w

Step 3 is dissolved in 250 pl of water, and the resulting
\_  solution is lazyered onto 2 10 ml 5-25 % linear sucrose density .
20 gradient, Tnﬂ sucrose density gradient is prepared by means of
o/ '

ISCO 570 gradienter (nanu;achurec and sold by ISCO 1Inc.,
U.5.a.), using.Trls buffer soTutwons {con;a,“lng 25 mt Tris-HC1
(p2 7.2), 2 m¥ EDTA and 1 w/v % SDS] respectively containing 5_%
. sucrose .ané 25 % sucrose. | |
25 ' Using Beckman® si74l rdtof, ultracentrifugation is effected
| “at 40000_£pm for 12 hours at 4°C, and fractions each of 400 pl

are recovered bj means of 2 fraction recovering apparatus (ranu-
factured and sold by Beckman Instrument, U:S.A.), and then
éthanol p:ecipitatea. The precipitated fractions are centri-

30 fuged, and dissolved in sterile water.

¥ Registered Trade Mark



amount as 50 nl per cell.

(containing.

Is injected into oocytes in such a-small

Cells are then cultured for 2A hours in a Barth's solution
7.5 MM Tris-HA (pH 7.6), 88 mM Nad, 15 1 nM potassium chloride,

0.33 ° nM calcium: nitrate, 0.41 nMcalciumchloride, 0 82 nM nagnesiyim
sul fate, 2.4 M sodi um bi carbonate; 18 Unl penicillin Gand is [err] -
streptonycin which contains 1 ng/mM- bd7 ne serum al bumin.  Qocytes are

-crushed, in the culture |iquSdesbg neans of a glass bar 20 The cul ture
eval uated for the

liquid .is then centri fugedK_ and the supernatant is
cytotoxic activity’ aga| nst (EzpétsmaRbA, Lgh |1 'be translated to give a
Ht ansgétienSounmamAe Thisis

- pol ypepti de havin m activity sedi nent:
elimnated by thgrg% {gljwlantldmdy R A ne‘g kn-Step 3 25 -~ of
- Referenti al B@ﬁggﬁgz but is not.elimnate §°th8°ﬁdFﬁal nogse serum
38 Step 6 (Preparatlon?ﬁ ﬁreﬁﬁﬁ%ﬁmam&s)bigi%ﬁm? gerrl of the fractionated
mﬁ #bt ai ned g nc&nggc@e a doubl e stranded re%%%@l mal‘-aeza)lgl;ance
procedure 5 ge?EFFB’é‘dngn to ttefeatﬁucpc é‘( 1) frompage 96. As
. the reverse theneepepiasft ySe . i s _nmade of "a “produtt® ste 99Fibesiiance, | nc.
U.S. A The double stran ea EﬁﬁPFsssﬂzerfé&ﬁkbqgatSQ on.a 3.5 % .
~pol yacryl ani §&sylei , anddxS30, racti on of about 0 X5 P30Feraoka, Migioi S
obtained. ~_In accordance w %akar_'brohevﬁrogggg g.described in
Literature (Q3“e§1qEﬁnglﬁggéiggeu§ on is, ext ended wi E GeBKYE: r Eoepues,
usi ng term.nal Xt ta ed ltlon., 1981, p 602
: . ). - Xenopus laevis

u

l

wate* to '
havn a concent*a;*on of }
FS/21, ang the solu;*on

ult-* “for” |

| ured for 24 hours in & Barth's
_ning 7.5 mM Ty - N

: : . nd_T 1s- ZCl. (pE 7.6), 88 mM NacCl

ls l I-LII DO\.ES X QLC - bl s
LC L 11} 1 -2 '_l 0- C._I IL'I

20 The c
ulturn l
1cu*d is then centrlruged and th
<€ tae supernatant

r tl \-

- - -

maxlmum ac
t1v1ty sealments as 16 s in sji
_ - 2e. This act
_ 1v1ty
hlaody bb;alnec 1n Stﬂp 3



ceoxXynucl eoti dyl transferase (manufactured and sold by Bethesda Research
Laboratories, Inc., U S A) and annealed with 56 ng of plasm d pBR322 which
has . been digested with 15 - Pstl and extended w th deoxyG resi dues.
The so4anneal ed m xture is inserted3Bnto E. coli K-12 strain (HB101l , ATCC. .
33694) to transformthé strain. As a. result, 12000 transfornants are '
obtained. Step 7. (Parti al S&6Pn8 aci d sequence of rabbit TNF) Rabbit TNF
partially purified in Refegrential Exanple : Gtivity: 5 x [err] units)

is subjected to SDS- pol yg F;?lpéﬁiade‘°¢‘el°f§|"grca-t("‘%‘dp 585t or purification

as in Step 2. Pant. O 25 e the | ) i N iex Boill'iant
Blue. A band at qit’sr%é’gpgs}"f':i St &85 §§§% |°r?§' e%yt"%é\mrrtﬁ@e%&?‘ag?s\?\é‘l gﬁ??of‘"
17000 is ¢ baifd @ Lha gel paand; ex Anisth L % ammni Wh-n 5eoced

bi car bonat e.Lg %’ogu't' %8'0% gr'r & "TNng ?:%gcag\%er e"ghaas c-:é;%t el n. g'IPS'(S! [:’eror T of e
the g ecover b skt Hst dinssotardutdl 73 ) erfdonPlpek 930  As theAPHRRIALD

bi carbonate, followed by addition of 3 [err] of" TPCK * Regi stered Trade

Mar k 39 t¢ypsddr Pyl agiser edsand se0ldr by MMd @O iBicoghanncal,,

US A). The mxture is incubated-at 37C for 4 hours. The m xture is then -
fracti onat edify. nHAER. 22 hiTgl- GerdtQeaaendafii diwphr dsattgreaadna dlonde4
conprising Cosnosil 5C8 5 (manufactured and sol d by Nakarai

Chemi cal , . Lteh ,a Jhgark) ped vielwe yieekidsy gealt erdrad |3 Ihere e aar iot &iih sfocagnent 's
digested with trypsin. '

1000 to 2000 bp is obtained. In accordance with
10 the procedure described in Literature (1), 7 ng of this
—/ fraction is extended with deoxyC resicdues using terminal

()
£
[1']
o]
[
0n
0.
'—‘
h
Lo
g

éeoxynucleotidyl transierase (maznufzactur
" Bethesda Research Laboratories, Inc., U.S.X.) zné annsiled

plasmid p3R322 whichhzs besn digested with

Hh

with 56 ng o

15 _ PstI and extended with deoxyG resicues. The so-annealed

-mixture is inserted into E. coli K-12 strain (H3101,

- (Partial amino acié sequenée of rabbit TKT)

Ratbit TNF partizlly ?u:iﬁieﬁ in Referential Zxamdle 2
(éétivity: 5 x 107 units) is subjected to SDS—golyacrylamlde
gel ele:trcphoreéis.fo: purification as in Step 2. Part oi

25 the gel is dyed with Cdomassie*Brillianﬁ Blue. &2 bani at

the position co:respondiné to the molecular weight.of 17000
is cut-out_f:oﬁ the gel, and extracted with 1 % ammqnium'
bicarbonate. About 180 ps of TNF  is recovered as prptein}

150 P9 cf the recovered TNF is dissolved in 75 pl of 1 &

30 ammonium biczrbonate, followed by addition of 3 PS of TPC

*¥ Registered Trade Mark



The highly purified TNF and the trypsin-digested fragnents thereof are then -
subjected to desalting by neans of Sephadex* 10 G 25 col um, and :
then freeZe-dried. According to the nethod of R M Hewick et al (see {y=
-Biol. Chem, Vol. 256, pp 7990-7%397, 191), the purified TNF and t he
typsi n-di gested fragnments are each subjected to Edman Degradatlon fromthe
Nt er mi revesipTHRaRRABcALFEd| Bhér apdd LM ¥aerhdngsons Siochenijcal ,anal yzed .
by the customary nmethod by neans of a- high- performance chromatography
nodel SPBFO® -(raakhtaBiticBEeants séPG°B9“S eéttr é7pﬁy§|°€s 4 l9°'-1$'$A ) using
Sol packs, QDS ,( manuf act ured and sol.d hy pont, as_the col um.
As a resuii® r'”'r‘t"uf‘§ fundERat FRSIPRAT ﬁasbi'hé“‘PGISI G\M“r'réf”N- R anmi no

acid 20,; .34 uence: r- Alﬁ Ser-Arg-Al a- Le - Ser - @éﬁ Lys-Pro- Leu- Al a-
Hi ss- Val = &l AFa“ ﬁ"ﬁ%aéﬁ “@Fuc@r 'rélsr’rnl‘_;e O t he
5t d t h al d
S(raégzln(r:]em%%&%? ut— EEB §&HQSR& E QW'C q «‘-&l ;I' mspv-'-u ,arycuca%CI
St 8 (Synt. f I | eotid

ep. 8 ( %/n,_rn,em S, o |gé%d:(§_%>iynu %%?he%n%rm ?_g_Q_CLeQ_ nucl eoti des

-conpl enen ary £ %ase sequénce 0 7 TE¥ M deduced  fromthe

am no acapagg_cgaemﬁgh estered Trade Mark - 40 of rabbit TNF obtained
in Step 7 of Referential "Exanple 3 is synthesized according to the inproved

phosphotri estiere Waighad whi-ciFikas Takr aady theer epdi-ad s dde WASRHes
inventor in H Ito et al, "Nucleic Acid Res." 10, 1755-1769 (1987). '
thereof are then subjectec to desalting by mesans of Sephadex ®
10 G425 column, and then freeze- Sried. Acéo:ding £o “the méﬁhod
. of R.M. Hewick et é._l {(see J. Biol. Chem., Vol. 23§, 'pp.
7990-7997, 1981), the purified TNF and the trypsin-digested’
fragments are each subjected to Edman Dég:adatibn
~ from the N-terminal. PTH-amino acid liberzted in ezch step
15 .is analvzez by tﬁé-custcﬁar?'méthod'byimeéds of a-high—FErﬁnmanaé”

chromatography model SP2100 (manufactured and sold by Spectra

physics, U.S.2.) v©sing Solpacks ODS (manufacturzd ané soié by

20 seguence: Sesr-2la-Sa2r-2rg-
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His-Val-val-2lz- cn.._pfo.-c;ln-Val-Gl'u-Gly-Gln-Le'u-Gln—
"'Qné of the trvosin-digssted fragments has thé-féllOWiug
TN*te'- inal amino ‘acid seguence. |
Glu Thr P:o;Glu Glu Ala Glu Pro Met Ala
25 L "Steé 8
'(Syhfhésiszof 6Iigodeoxynu1éleotide.p:obé)
Oligodeoxynucleotides*cbm?iemeniary to the base sequénce

of the mENA which is deduced £rom the amino acid seguerfee

* Registered Trade. Mark



5 =~ I n preparing olicodeoxynucl eotides, 128 otigodeoxynucl eoti des
estimated fromthe am no acid sequence of rabbit TNF are classified into
five groups, nanely groups of 16, 16, 32, 32 and 32 and are synthesized as
m xty es of ol i godeoxynuc- |eotides 40O the respective groups. The obtai ned
ol i godeoxy- 16f rabbidiNFOIGHeS Mfd tihe J@sPertd v LU iane .48t ect ed
according to the customary nethod and purified by colum chromat égraphy -
usi ng Sephadeks G $¥n tiremiifeat tacad Fnt 3 ey RhardnG drospmdSemsea s,
Inc.,~Sweden), electrophoresis on-a 20 % by wei ght pol yacryl am de gel

contai ning 7 mevoifiod 3vhich hagn adnkaciyl e re hrapat gt dphychesiprg sBnt53 nventor
(manuf actured_and sold by Whatman Ltd., U.S.A). The thus obtained

ol i codeoxynuct®alii d&ee &t tHe r'é¥sdaio/daid RS dr 6.0 dila5irdd 68galilee2)Q. 1 M
Tris-EDTA buffer solutjon. Each of the purified olicodeoxynucl eotides of
the 205 régp%’t’:??%‘g?r AUpgqdeoNva ek idg g 128 9l issiSpexinactliepsides
ki nase (manufacured apd, sol d by Bethesda Research Laboratories, Inc.,
U.S.A) and [EPri"pEStiendd g AP fifat® SEERAWHPE F ARt BtFokaey |
-met hod and thep_ purified by col um chromatography usin (manuf act ur ed
and sold by V\ﬁgf%%‘ﬁ .‘,"“)l/? SIS szaprs. R %Yraﬁﬁ%atﬁgi Qgi‘%m erfal3as

i ncor porated hht 9. ga J£0 nucd eof i Qf. [ e respgctive groups in
an anmount 21 o?&a?lou%qﬁgérr ert '.S‘I'Thée agiei%-‘g‘;’d'd'e‘%'xilsnuoc‘l eodt"ic-ii’é:-‘ﬁ?gb =

each obtainedipfeides [of Wil LedBodd A-difs ! e%ﬁ?&?&-_.%_e%{l%%eﬁggdﬁhoéw-

desi gnated as shown in Table 1. "Part he "am no aci
rabbi g oTNF, thech@6€ides of the respective groups are deprotected
.(_/ : accoriing to the customary method and pu:ified'by column
- chromatography using Sephadex G-50 (manufactured and sold by

Pharmacia Fine Chemicals, Inc., Sweden),; electrophoresis on

o
rh

2 20 % by weight polyacrylamide cel contazining 7 M

0

15 urez and column chromatography using DE52 (manufactursd zn
sold by Whztman Ltd., U.S.2.). The thus obtained

olicodsoxynuclectides of the respective groups are dizlyzed

20 respective groups is abelled using T, polynucleotide kinase
- (ma2nuiactured a2nd sold by Bethesda R
Y- - - 32_ . ; . .-
inc., U.S.A.) and f— P-zdenosine triphosphate accoréing to
the customary method and then purified by column chromatography
using DZ52 (manufactured and soldé by Whatman Litd., U.S.A.).

25 The radioactive materia into each of
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olicodeoxynucleotides of the respective groups in an amount
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5 sequenceIOf the nRNA estimated fromthe am no acid sequence of t he
rabbit TNF and the base sequences of synthetic oligodeoxynucl eoti de probes

of -the respective groups are shown in Table 1. Table 1 Amno  Carboxyl.
Amino acid terminal. . Ala Mt Pro Qu Ala Gu du... terninal thNA

-3 XCG GTA XCC YAG XCG YAG YAG . =~ - .5 Probe MH" 5' GC
CAT MBG MIC. GGC MIC MIC ' Probe M 5" 'GC CAT NGG Mrc
GeC mrc mrc - 3" Prgpbe M. - 5" GC CAT ZGG MIC AGC MIC Mrc '
3' »Probeof@bout 3x 10° cpm <ynrq§19km19qx§xxmwp%5Qﬁ1de Probes Probe M
5' - GC CAT, ZzGG MIrc TGC_MIrc Mrc ‘3" _Not e: - X represents a

r|bonucl%ﬂ@haﬁPﬁa%Qﬁﬁcﬁﬂa%ﬂe/QQFWBQﬁ 3) mixeupe eQEntRe ATRFRRREEYRi ¢ acid
resi due of A or represents a deoxyribonucleic acid

resi due BFOYPRIE’ %%?%ﬂﬂ%ﬁﬁﬂn%?ePQR%&y+?b%ﬁB%?eic aci d residue of A or ‘G

T R R AL g ol o 32
R ) e
MEGHAE T D e ST SRR

Ab vol une suI oxi de err] m nut es

5" anget e ggﬂbfg ?@Eté’?éré‘ﬁé'ﬂé‘é‘é'Qﬁiﬁhegseb@%?ﬂ?ﬂ&g%' sonall%

by wei ght "agaro ract1 onat ed I's transferred on a filter of
an eleCtBQEQBE§5k§n5¥P§oE£§QSﬁﬁﬁbes of the respective groups are

shown in Table 1.

Table 1. I D . ¥J

Amino ‘Carboxyl _ ' _ Amino

acid terminal... Ala Met Pro Glu Ala Glu Glu--- terminal

m RNA 3% +r---- XCG GTA XCC YAG XCG YAG YAG ----- 5'

Probz My | 5' . GC CAT MGG MTC GGC MTC MTC =~ - 3°

Probe MI - 5 . GC CAT NGG MTC GGC MTC MTC -~ 3

Prcbe MI 5¢ GC CAT 2GG MTC AGC MTC MTC 3 \.r’
Probe X | 5 . GC CAT 2GG MTC CGC MTC MTC ~  3' |, .
Probe ML 5¢ GC CAT 2GG MTC TGC MTC MTC 3" |
Noté:

represents a ribonucleic acid residue of A,C,G or U.

represents a ribonucleic acid residue of A or G.

25 represents a deoxyribonucleic acid resicue of T or C.

R SR I

represents a deoxyribonucleic acid residue of A or G.
2 represents a deoxyribonucleic acid residue of

A,fc; G or T.



bl otting apparatus (manufactured and sold by Bio Rad, U S.A ) according to
the manual -of the maker. Then the nRNA on 10 the filter of the
dpparatus is. treated with a 5 x Denhardt's solution containing a 5 x SSC
sol U+fon and 150 [err] of denatured 4@ non spermatozoa DNA at [err] for ‘two
hours and, then treated with a 5 x Denhrdt's solution containing 1 x 107
cpm ndl of the | alriNAe@dfoltihgo deddysn pricdordidas THRI whichkk 3S@HEzined sol ution
at [err] for two hours. The above-obtained filter is washed with a 6 x SSC
sol ution suceersdidigy tooftep FeolfaReferantdaderBranpl e [2r¥§ trerkddrwith An
XAR-5 X-ray film (manufactured and.sol d by Eastnman Kodak Conpany, U. S A))

i s exposed td IHSTRN Aonseinding dhét f (Ehyoxals, d¢ aeief ¥aH,PO, andis
found that the oligodeoxynucl eotides designated by Probe M} are nost
strongly hybtq df BEYiUmE didekana ¥fe mh -'tt?-lféc Feg R Idmeke®ot i de

T e S S R B B S B S S ST 2
(Crom ng of I PYHPdiaB e dhelo GHanSh b LGSR0 5T Do
rererent o BRI EACS WA W SRS Lot Wb AEPY
(Freve, 10) SIEEER Myt SlACAlIel FiSRUE Suneet HIE, .0
accoréing to the manual of the makeri Thgn thg rRMA on
© 10 thé filter of_the apparatus is. treated withla 5 x Denhardt’'s
S solution containing é 5 x SSC'sqution éhé 150 ug/m;_of
denatured salmon spermatozoa DNA at 659C for two hours and,’.'
then treazted with 2 5 x Denhardt's solﬁtion céntaining_l'x 107
-c§m/ml'of the'labelléd oligodeoxynucleotides and a 5 x SsC.
s solution at 509C for two houré. The above-dbtained filter
is washed with a 6 x SSC solution successiéely four times
at room ﬁemperatu:e, 400C, 500C ana 60CC. An XAR-5 X-ray
£ilm (menufactured and s01d by ggstmah Kodak Company, U.S.A.)
is_exposed to the radiation from the filtér. _As a result} -
S\ 20 it is found that the dligodeo#Ynﬁcleotides désignated by
| Prqbe MJ are most strongly hybridiéed with the mRNA, showing
.that'the.oligodeoxynucléotiae having a'base éequence which
is completely'complimehtary tb_thé'mRNA is éontained in the

- oligodeoxynucleotides designated by Probe MJ.



10 Int

he just above procedure, 49 col onies which are strongly

hybridi zed with the labelled oligodeoxynucl eotides (Probe MJ) are selected '
and further fixed onto another nitrocellulose filter. Then, using 49 \&

col onies, fu
whi ch are.np
ol i godeoxynu
separating p
plasmd is
plasmds is
Pvull (each
U S A) acco
fol | owed. by
fragments ob
enzynes are
that all the
bgpe sequenc
~and consi sti

base sequenc

of about 200
ni ne strains
by the restr

10

rther hybridization is carry d out to select nine colonies -
re strongly 15g, ybr.d‘zed with the |abelled
cleotides (Probelﬁﬁ I n accordance -wi.th the r api-d plasnld

rocedure descriheddm td¥7¥&#f%44é oPaEE%éE pbout 5 [err]

obt ai ned from each of t'/he ni-ne col oni es. of the obtained

cl eaverh WG daidle hﬁtﬁ*pri:d%.nzp’:‘%ec@z@e descpfﬁé ; Jisﬂaé d
manuf actured and sol d by Bet hesda Research. Labé?§§g%fés ﬁg%?

rding pagyel-Ne o1 atyved wrendsSuandings idbtdiEnd@nulsfp thg graker,
el ectrophoresis-effected on a 1 % by wei ght agarose ge Then,

tRei fieseniniadl Examgdeh)d t heer axpantiesmred onto o Qfé?rmﬂtdéén
conpared with respect .to | ength thereof. The results suggest

fHiltersand thec MPeofortde itmpnstatmantisid scolhytirdsd ibad i
e of the fragnent - 44 obtained by cleavage by Pvull and -Rsal
fl%d&@%@lﬂgogﬁ@wmmﬁ {Rrobg W )stsedier:ddaia t he
of the nt thalned by cl eavage by Rsal and consisting
g0 § ﬁ' %ma EHeMRdey |t ensler the pamesiconditdonsas

a argt i ase sequengce The results of analysis
|rc}‘[:é%n%enzy$e§\éarén§%&\ﬁﬁ' %ﬁ‘ 3‘ n3 (Scolony hy nc”'zatlo")'y _
In the Just above procedure, 49 colonles whlch are strongly'K_)
hybrldzzed Wlth ‘the labelled ollcodeoxvnucleotldes {Probe MJ) -

are selectea and furthe* 1xed onto another nltrocellulose

filter. Then, uclng 49 colonies, further hybridization is

.ca ec out co select nﬂne c010 2s which are  moras strongly

15

'plasmld is ob a*ned from each of the nine colonles. Each

120

hyb rldlzed wlth the labelled ollaodeoxvnucleocldes (Plobe MJ),
In accordance w1th the rapid olasnld seoaraulng.

ploceaure aescrloed in theratufe (l), pace 6, about S'pg

_ o

of the obtainea plasmlos lS cle=ved using rescrlc*lon enzymes,

Ds...I Tan RSaI and PvuIl (each manufactured and sold by .'\.);'

'Bethesca Research-Laboratorles, Inc., U.S.A.) according to

25

the procedure-daSC*ibed in the ﬁanual of the haker, followed
by elect ophores;s effectea on a 1 % by welght agarose gel.
Then, lragmenes obtazned by_cleavage by the respective
restriction enzymee are compared with respect to length
thereof. |

The resulte suggest that all the nine strains correépohd-

ing_to the nine colonies have the base sequence of the fragment .



Seven strains containing plasm ds designated in Table 2 bel ow are :
separately cultivated in 2 m of LB medium 10 containing 10 ug/m of
‘tetracycline until the optical density of the solutions shows the val ues
showa/in Table 2 below, followed by centrifugation to obtain respective
strains. f£ach of the obtained strains is separately added into 2 m of
physi ol oci cal saline and di srupted by sonication. 15 The obt ai ned
solutions are subjected to centrif tion and the cytonoxic activity
against L cells of the obtained supernatants is determined. The results

are shown | 0 380EEn2aDBYOW) o83aBeDhOTh L ET ankBs33 RN QORI B0 0e

ment i oned above are eated u I'ng plasmd

results are aE§8u§h@W“bbnfﬁabLﬁag RSL; ?fytné5nIﬁQ|§~-a ghel.. thS base

Cyt ot oxi c of ctrv annea nst L

base pairs  sequence QelkﬁePEQQthﬂt obtained by cleavace by Rgég'tlni) pB
2-2 : 1400 5 pB 2-3 800 d

10pB 2-7 -and1@69515 ng10364bout 200 B8. pRIn9o'ne- wote2( the rebulle
<'® 10 pR 12 - 1400 1. 458 15 pR 18
1850 s 1. 488gest  €hd@ gRe2hine st-aidbOhave partialdy commog 10
| | base éequencesl The results of analysis by the festrlctxon
enzymes are shown in Fig. 1l..-
Seven strains conta*n*ng Dlasmlas deszgnated in Table 2
AN below are separately cultxyated in 2 ml of LB medium
10 éontaining 10;pg/m1 of tetracycline until the optical °
density.of the solutions shows the values shown in Table 2
below, .foiiowead By cent:ifugation-to obtain respective
strains.'_ Each of the obt ained strains is separatelf added .into 2ml
of phvsiélocical saline and disrupted by sonication.

15 '~ The obtaineé solutions are 'subjected to cent:ifﬁgation and
the cytotoxic activi:y'againsﬁ L cells oi the obtained
supernatants -is determined. fhe results ére shown in Table 2
below;'_As a blank test, the same procedures as mentioned
“above are repeated'using a straih contzining plasmid pBR322.

The resul ts are also shown in Table 2 below.



pBR322 0 1.677 < 10 |
_ 15 The cytotoxic activity against L cells is elimnated by anti-TNF
~antibody but is not elimnated by normal nouse serum This shows thaLﬂaI

~of the above-nentioned nine coloni, 20 - have pl asmi ds ‘whi-ch contain
ol i godeoxynucl eoti es coding for TNF. Step 10 (Determ nation of base .
sequence of DNA coding 25 45 for rabbit TNF) E. coli-

strains containing plasmds pB2-7- and PR 18are cultivated in one liter of

MD medi um descri bed in Literat uFeble 26 (3), page 440 and containing 10 ..
[err] of tetracycl ine. Then, in accordance wth procedure described in
Literature, Q0. ear‘h of the plasmids is isalated in an anount -of
about 150 [lex] The base Beﬂbeﬁce of the insertyebt8ach pljasmd is deter- 5
m ned accor|di n ' Am G| bertongg cal Qeegegjgge dgscri bed in Maxam-
et al "MetHod i npzynol jedied P 49 511980)aq£@ﬁdermc Bress. The thus
det erm ned |base segqhencelbasd qpaidkd o be in agreebksat withthe partial am no
agi d sequencksaseidrmMed in St ep. 7 of Referen(uait.EmMrpl g 3. Thus, the
'ﬁ’ol e 10 —sequence ot TNFof—r-abbt-t—+s—eoenstderet—toe—b¢ el uci dat ed. Step -
11 In this steg C nstru'ctlon of a plasmd is carried out fusing the

S L

r econbi nant pR12| t$48Btai n dir3€? expressidb
pB 2-3 1 800 . 1.605 < 10
PB 2-7 | 1060 1.364 <10
PR 9 | 1sso0 ;.618 o< | ) V)
10 1 pr12 - 1400 ° 1.458 1s
PR 18 | 18s0  1.438 | < 10
. PR 25 . _ "1350 1.514 < 10
pBR322 - | - 0 1,677 <10
15
The cytaﬁoxic_activity'agginst L cells is eliminated
by éﬁtifTﬁF antibody but is nqtleliminaped by normal mouse\*J
seruh: This-shéws that ail of_the above- enﬁioned nine colonig;)
20 o havé plasmids which.conf_ain oli‘queo#:ynucleotic‘es coding for |
o, |
Step 10 '
(betérminaﬁion of base sequence of DNA coding
- | - ‘for rabbit TNF) |

. E. coli strains containing plasmids pB2-7 and pR l8are

éultivated-i;i one liter of M9 medium described in Literature



of TNF in E coli using lac as a pronoter. The pfocedures are 15
‘idlustratively showmn in Fig.- 2. First 10 [err] of plasmd pR12 is

- digested with 10 units of Apal (manufactured and sold by Bethesda Research
‘Laboratories, Inc., US A) at [err] for two hours and el ectrophoresed on a
4 % by wei ght pol yacryl am de gel t 04Psol ate 630 bp fragnents. About 1

e th r i <al f | ' 2 | utd.Qn. .
[ the same. fvnds 440 &g, gl 30 #R/lC b ecRY RIS ViR, i

ol i godeoxyn GRS j J adwrml ] ) CT?@?;C i
- and 47 S%C%A?&wﬁ\ggﬁf@%r%;%fm hesi%ég.lna%ﬁgﬁggg%?-[én _f'?ﬁé _
ol i godeoxynuga @otddame F1Rmik0 iG] dted e RHOHRIN] ofSiahg yehlsh 1q.
pol ynucl eoti de ki nase in accordance with the method described in therg?ure
(3), page 122.  Affieebase sequeeitd &iff ahefinddit Facaichn pleke iGeast iGake r~
mxture is extracted with phenol and then with chloroform - Then the

obt ai néd symtimed aaddrgiimey oarthe Maxath-~dilbdrt5 dhemilcadf prieefipzle 630 bp
fragment and ethanol precipitated. The fragment-is ligated with the

synt hetic ol feprmibedti MBacesr rdiglEl TPethod usgi pzyalmiays ,0ES[,e®r JASONA

| i gase in accordance with the procedure described in Literature (1), page
37. . After cbhP¥®ri dirasientise Ruesst i orfhea Hdruseatmtiermined bese sequemazolis
precipitated_and digested with 20 units of BanHl at 37C for three hours,

fol l oned by £PERE righrke ddi aargemandd Wikl Yha.nar tialg R isg wedd) Isedueacgs|

to recover 670 bp fragment_ by electroelution . Qne [err], of comrerciall
avai | abl e pl %%‘Fﬁ’g“’dl?@?s“‘(éat oy %.R%’f“%ﬁ’ﬁﬂﬂeﬁ%& and RS d Hhe "'F1°¥-9

10 sequence of TNF of rabbit is considered to be elucidated.

Step 11

In this step, construction of 2 plasmid is carried out

Y
-t

using the recombinant plasmid pR1l2 to obtain direct expression

of TNF in E, coli using lac as a promoter. The procedures are
15 illustratively shown in Fig. 2. First 10 pg of plasmid pR12 is

digested with .],0 units of Apal (manufactured ané sold by

'U Bethesda Research Laboratoriés, Inc., U.S.A.) at 379C for two.
hours and electrophoresed bn a 4._% by weight polyacrylanide gel
to isolate 630 bp fragments. About l‘pg*bf the fragment is

20 isolated from the gel by elécﬁroelutio’n. In the same manner as
in Step 8 of Referential Eﬁaﬁple 3, two oligodeoxynucleotides.

 shown in Fig. 2, namely S‘—GATCCAIGTC&GCTTCTCGGGCC-3’ and



— . —— - 4

P-L Biochemicals, Inc., US A) is digested with BanH and extracted with -
phenol and then with chloroform followed 20 by et hanol precipitation®
to obtain a vector. 0.5 [err] of the obtained vector is licated witRyhe
above-obtai ned fragment having BanH sites on its both ends and contai ning
about 670 bp coding for TNF usingd®™ DNA ligase. |In-accordance 4 with t he
procedure described in Literature (4), pace 20, 25 - E. colt 1is o
t ransf.or ned, usihog, the.. = obt ai ned . apdscul tiyvated.on an agar

medi um con a7§¢ﬁ8355¢3§%#aq%3#% dﬁﬁeo.%gﬁEQéfﬁigY'of&9§§élgf%"oﬁta?ﬂgabout
200 - white_. .48 5p FLSirsr L ¢l | r eRar Lom; L00 of these

tr ansf orman s“éﬁd&ﬂ%%égfgﬁ‘Q§%§§§%g$#?mxi§?geréggl?goﬁf?i§;found'that 15
plasmds c bRorvibeedntie B tgka 7QnbR~ rder to
exam ne thgags?ggf¥bﬁ %?_%gpgsd?ﬁﬁ§€%¥§g§?g§ﬁeégbgsggfg pPaEEY%Eég?g*
~digested WARhEEAR nbeNod0c@8EYi EE [RCRURLLEGRr8I [8)QNpbhs PYE:. 8 RAd=PVUI
having only one recognitiaon site on its about 670 base -air fragnent part
and sel ect r ephoneeedn 0bf athe Ye bycvebgt thRel yaaeyian dexgake i8S axtesytbq it
is determ ned that 7 plasmds.have 10 t he i ntended fragnent consisting
of about 14Q+<hppasfolhandt biredi wkehi onlototvanscr Mpkenoknheaf obheihad pronot or
on pUC-8 is in agreenent with that of the oligodeoxynucl eptides coding for
TNF. DNA segueheecianalygpssshonse thaxethwdshs@vénpgl adnitie 2pal have

t he sane sequence and have the :desired nucleotide sequence _ ' '

630 bp fragment and ethanol precipitated. The fracment
is ligated with the synthetic olicomers at 4°C overnight U

10 using 10 units of T, DNA ligase in accordance with

t

the procefure éescribed in Literzture (1), page 37. After

completion of the rezaction, the reaction mixture is ethzanol

precipitated ané dicested with 20 units of Beaa¥I at 37°C
- for three hours, followed bv electrophoresis effectad on
15 2 4 % by weicht polyadrylamide gel to recover 6

- -
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20 " by ethaﬁol'p:eci?itatldn ﬁo obtéih'g vector. 0.5 Pc,of

“the obtaiﬁaa“v;c:oﬁ 'is 1i§ate5 with the above-chbtained
f;éémént having'gégﬁl sites on its both enés'énd containiﬁg
about 670.Ep coéiﬁé for TNF using T, DNA ligase. 1In accorédance

-

with the procsdure described in Litsrature (4), page 20,

N
w

E. coli is transformed using the above-obtained
vector ané cultiveted on an agar mediuvm containing 1 mM of

IPTG and 0.004 & (w/v) of ¥-gal to obtain about 200 white



- o

at the junctions between the |ac profmter, synt‘hetic DNA and cDNA.
Gonstruction of further plasmds is carried out using the reconbi nant
plasmid pRI7 in order to obtain direct 20 expression of TNF in E. coli
using™Mac UV5 as a pronoter. The procedures are illustratively shown in
Fig. 3. First, 10 [err] of the plasgnd pRL7 is digested with 10 units of
Apal (manufactured and sol d by Bet hesda Research Laboratori es, Inc, US A)
at [err] for two hours and electrophoresed on |ght

pol yacr yl ani deokpeieso | §gl‘§t“€ 4 W grientr& '%t Iﬁ@ fiogb&ft ¥€§(§ebp About
1 [err] of the frag,msnt .S ..sol ated fromt | ect roel qU on.

the same manner 3PP 2% TG S14T goéea&nuc Bothi &S §Hdwﬁr |r’rsF| g.

3. namoly 5 - %pm; (CAECTIGICRAT0: ¥ A0 8, CPAGAGCIGACATES 3

synt hesi zed. eac d 6T 1 K6 1o ol i godedxynucl eotrae (‘a85 "IOO
prol e) is phospl [eyr 10 lenyel.eqtsi-de kinase in
accordance wit he rret ho d'esc"'rr} g T ﬁté\ragﬁj’%el{ pag:elif 3t After

conpl etison of ;,kgae,rae.@,{ | Qe thevLadd IE_QrLgp,xiur,e. S Q,ngsrta,r:t ed t\:p{l t.h.opﬁenol
and then with chl oroform Then the synthetic (ﬂlgorrers are mxedwth 0.5
ug of the prevmsxued?/ Widid ApRderliO-ion sidd agimanls (paiwu PRIII having
prepared fromthe asm d pR17 and et hanol precipitated. The fragment is
ligated with tdml;swrkretnemccgnmmf ssite [t risowouge? Usbaxe Haimidrecaknt.

| i.gase in accordance with procedure described in Literature (1), pace 37.

Af ter corrpl et i parvfanereattdPmreIre rgact iGrék by waight polyacrylamide

gel. As a result, it.is&eterminedthat 7. plasmids have

U

| B

10 . the intended fragment consisting of azbout 140 bp and that

cr

rt
9.
1}

[o 1)

irection of transcription of the l2c promotor on pUC-2
is 1in a2greement with that of the oligcdeoxynuclectides coding

for TNT.

15 have the same seguance and have the desirsd nucleotide saguence

Construction of further plasmids is carried out using.

20 expression éf TNF in E. cecli using ;;g_UVSIas 2 promotsr.
| The'procedurés are illustratively shown in Fig. 3. First,
10 pg of the plaémid'pRl? is éigestasd with 10 units of 2pal
(manufactured and sold by Bathesda Ressarch babora tories, Inc,
U .} at 37°C for two hours angd electrecpnorssed on a 4 %
25, by “Elgh‘ po1yacr}1a ida gel to isclate a fragment éonsisting.

of about 630 bp. &bout 1 pS of the fragment is isolated



15 m xture is ethanol precipitated and digested with 20 units of .
EcoRl at 37C for three hours, followed by el ectrophoresis effected on g 4 %
by wei ght polyacryl anide gel to recover a fragment (about 670 bp) byw

el ectroelution. In accordance with the procedure described in F.. Fuller, 20
"Gene", 19, pp 42-54 (1982), plasm d pOP95-15 is prepared. One ug of
pOP95-15 i.s di.gested with EcoRl andggextracted with phenol and then with
chloroform followed by ethanol precipitation to obtain a vector. Using
[eri] DNA | iSfer,8 0. 8@ ldfgdden ol sk idzs oshown in gided W trenidisy
fragment 25 - (about 670 bp) obtained by ligating the synthetic '
ol i gonucl eptd dtAMF TN TGRC AL TREXLIRRAC o' ook Ny’ FOGAGAICCTEGRACRT®Ifance with
the procedure described in Literature (4), 50 page 20, E.coli JMLO1

( ATCC 33876)2rg s syrumsigetd Wieny, t¢rcihathleenbiaf nthe viwq or and
cultivated on a nmediumcontaining 1 mMof | PTG and 0.004 % (w'v) of X-ga

to obtain abbtAIASRPWNINE R isRes(adbMmtaskAY elel isr fhoshantmtusd 5

of these colonjes and digested with EcoRI. (As a result, it is _ found that

2 pPasnids EHti Ty PANRYTHSAHIGF BEGHRSS iy RFECTIARAR WO b)e MI5HRA der
Wt h PVUIT PP i drSATA oGl (TREE 1L 22 6 LhE O (RS 6t Sl -
As lt,, gt | t ' o ) | ds_ haye,. L he, ' f nt
(about 1260 Wt e SRl 2000 Tea st (BRSPS R DT

of the |ac o gEomiereren Wi A0rQNRM sl (98hn Ofnd Néynthetic oligomers

ol i godeoxynucl eot | des

are mixed with 0.5 Fgfof the previouSLy'bbtained Apal =\
10 ' 'fragment (2bout 630 bp) prepared from the ?lasmid PR17

and ethanol precipitated. The fragment is licated with
the synthetic oligomers at 4°C overnight using 10 units of

T, ligase in accordance wisth procedure described in Literature”

{1, éage 37. Aftgr completion of the feactioﬁ,_the reaction
15 mixture is ethanol precipitated and_digestea'ﬁith Zo_ﬁnits
| of EcoRI at 37°C for three hours, féllowed by electrophoresis
~eZfected on a 4 % by we;ght'polyac:ylamide gel_to recovér o/
a fragment (about 670 bp)'by élect:oélution. o _ | ;;
o In accordance with the éroceduie aescribéd'in.F. Fuller,
20 "Gene®, 19, pp 42-54 (1982), plasmid deSSflS is prepared.
”,:One Pg of'pOP95-1$_is 'digesﬁed'ﬁiih gggRi and éxtracted
. w;;h phehbl and then with chlorofdfm; ﬁdllowed by'ethanol
precipitation to obtain a vector. UQiné T4 ﬁﬁi ;igase}
0.5 pg of the obtained vector is ligated with the fragment
25 . (about 670 bp) obtained by ligating the synthetic
oligonucleotide with the oligonucleotide éodinq for TNF,

In accordance with the proceduré_égscribed-in Literature (4),



coding for TNF. 15 Base sequence anal ysis shows that these four
pl asm ds. have tbe sane sequence and that the |ac UV5 pronoter, the
synt.hetic ol i godeoxynucl eotide and cDNA are = proparly conbined with each
ot her™~ The obtained pl asnids are designated pTNF-lacUVv5-1. 20 Step 12
(Purification of TNF produced by 5& coli) E. coli strains containing

pl asmids obtained in Step_11 are cultivated in 50 m of LB nedi um
cont ai ni ng ®3%e 20,oE-a8RLdj FMLAL ARTGRC389dAhi ght . CTFREAormedsushngs . are

anpicillin 37C overni Then_the strains. are gnpicillin and further
cul tivated é‘tf‘eS?E°f’8r°f’hgé8 efoYpstor 254 Fé‘g rdpyeS on 2 medium - '

[err]-D-thiq alacto rangsi uf agt and ;sol na Chénlca
Conpany, InE% v g‘ﬁ% ilgﬁagdeégﬁg 8 g §gﬁiﬁ ﬁwgbﬂcght a?F&n“%f°E~

Further cul tyyati 98,41 foro ULS: wed _b coolln Then
strains are c\éle‘l eg?e thakrer Eggogg%tsr fuZ%?. o% lb %§am§ nh&?™a -

descrd bed i n, Sk 1., the;str Sa gdd dh Nnt-Q TIlters of 0.04 M
Tri s- i(l bu??erﬁgg%uf?ogg(pg th aﬁggalsrﬁptéd’b§ S6ni Cat foh® fﬁpﬁbtaln a

strai n protaid;sol gh cnale nga des0kUhieQn shas eyt qtexi g actk y
agai nst L cells§of¥5h§e[egg] &nl S%Fgrﬁ? EHE e qé obgalneﬁgg%lutlon

is purified fdaghRatSaaBOERNBED B%)I.N Shearaeaf tBefeeJaanHealt-EXéﬂfPL@@o&O
obtain 1.2 x [err] units of TNF. The specific activity of the TNF i1s 6.8
X .107 units/afjinsartion, the above 12 plasmids are digesited with
PvuII and PstI and eléctrophoresed on a 1.5 % by weight
_ \/0 - acarose gel.' As a result, it is detemmined that Zfour plaémids

2ve the desired fracments (about 1280 bp and abou:t 2500

promoter is in agreement with that of the oligodeoxynucleotides

designated pTNF-lacUVSs-1.

4o
tép 12
(°L:1:;:atlon o TNF producad by E. ch{’
E. coli stralns csntalnlng plasdids obtained_in Step 11
are cultivated in 50 ml of L2 medium containing
- 25 of ampicillin 2t 37°C overnight. Thep the strains are

ampi¢illin at 37°C overnight. Then the strains are

ampicillin and further cultivated a2t 37°C for three hours.



Step 13 (Evaluatlon usi ng transpl anted Meth A ‘15,

sarcome in nmouse) 5 2 x 10- Meth. A Sarcona cells are transpl ant ed
intradermal ly in the abdom nal areS of a BALB/c¢ nouse and, 7 days |atQJ
mce wth tunors of 7 to 8 mmin dPdrmeter and with no spont.aneous centr al
necrosi s bseraeddct éd‘Q‘TﬁhJeQ/%ﬁlmﬁmfaW%h%I emzpupaptyred and spldNsy
obtained in Step 12.of Referenti al and dil.uted w_.th
.phy5|oIog$é%ﬁ3s§%QWﬁF%QNQRWRﬁPYS Im&ecFadst%rbubﬁ 2fdefafp V&i ko aThinal
~activity of the sanple is 52 eval uat ed gr 24 hours according to the
fol | owi ngCeRFERET IO 9* 1 mMyg %%% % Sas h&vﬁghﬁ?rﬁﬁgFérﬁéE@ogPs for

noder at e he r r hagi Cr os ﬁgécen necL.osi s

ext endi ngSb¥e ‘Hﬁ% 1nﬂ%ﬁ@ 1?%& t thoP §bf?é§§)aﬁﬁrEBﬁlﬁEnﬁﬁrhﬁglc
I t

e ohery P BEP LG G S g o PR oY L SePLRLE sge?anFsaﬁfio the

made on tgFrélggol_ulté ‘{L,pgdt%;mn%ss angd. LeCoyery:. %ahad glget.eflnl_, ccordi’ ng-l

to the follow ng eguation m ce mhlc een conp até y 15

Recovery £@i &t fon (5¥“9“%f“¥550@1§PH9 ed by sonication to obtain a strain

proteln solution. The obtained solution has cytotoxic activity

against L cells of 5 X 107 unlus/i.

10 The obta ed solution is purified in the same manner 2s in
Step 2 of Referential Example 2 to obhtain 1.2 x 108 units of \~
THF. The specific activity of the THF is 6.8 x ‘107 units/mg.

__Ste? 13
(Evaluvation using transplanted Meth A
- 158 N o : l_ sarcoma-in mouse) |
2 x 10° Meth A Sarcoma cells are transplanted intrader rmally
in the'abdominal_arsa of a SALB/c'mouse and, 7 aays later, rice
with tumozs of 7 to 8 mm in diameter and with no s?on£éneods
centr2l necrosis are selected for evaluvation. A samplé (0.2 ml)<;)
20 of INF obtained in Step 12 of.Referential Example 3 and diluted |
with physioiogical saline solution is injected thrdughﬂthe_tail

vein. The activity of the sample is



Number of mice used for test The results are shown in Table 3. Table 3 20

I,nj ect ed -anount ) Eval uation for of rabbit TNF

Numher of activity of Recovery produced by ’ m ce used
sanplbg- . rate E. coli - for test (after 1 day)
(after 20 days) units/nouse 52 + ++ +++ 25

2 x [err] - ' 5 : 0O O 1 4 5/5 Reference .

5 5 0 0 0 0/5 (physi ol ogi cal saline) 53 Exanple 1

Step 1 (TransgQalahted aftér 29l holkdsd Sttt @iMEIOSlenet o PRBBinPBIr Yt @Pibn.
pB2-2 Pl asm ds) CD|%QBQS of E, coLi K12 strain MC1061 are transformed with
each of the pR 8, pB2!7 and pB3-2"#M8€ni ds, which are obtained in Reference

Exanpl e 3, accordin Q.the cust r fo]o: S,...opecifically, colonies
of E. coli K12 stragﬁBNC1061 giéggguﬁ?ﬁééﬂﬁggiﬁBn“d?gg%untiI t he opti cal

density 10 ~ Of the.Gyl.ture RogbbaPeCRORS:Pnacit RABOBL:sSQEknl ggglﬁﬁgm’ﬂg |

E. coli culture is harvested, was a 25m mx- ture con
10mg MOPS(pH7. 0) and | O™ PbCexrafdih§- oSS PEPEeE ki Rae2PME0MeXbEM he tumor
contai s ng 0. 1M MOPS(pH6.5) , 50nM : : _ . . :
' o surface)
(+++):  marked hemorrhagic necfosis (méésive hecrosis.

leaving a small viable rim élong the tumor

periphery)
&“/1 20 Days after the injection of the samplé, 6bservations
0 L : :
.are made on the involution of tumcrs and recovery rate
is determined according to the following eguation.
_ Number of mice which had been completely
A +vye
15 Recovery rate = —Locoveres from tumor _
_ : Number of mice used for test
;o : The results are shown in Table 3.
N/
o T o Table 3
20
Injected amount o Evaluation for )
of rabbit  TNF Number of | activity of Recovery
produced by mice used samples _ rate
E. coli for test (after 1 -day) (after
) _ _ 20 days)
units/mouse - + ++ bt
25 2 x 10° 5 o 0 1 4 5/5
Reference ' S5 5 0 0 o | o0o/5
{physiological ' ' .
saline) '




e o e

CaCl and 10mM RbCd . The resulting suspension is cooled 15 on ice for
30 mn , centrifuged and suspended in a mxture of 2m of the o )
above-nentioned m xture containing O 1M MOPS(pH6.5), 50mM [err] .and 1QuM
Rbd and 30 ul of DVMSO. To a 200 [g?r] ali-quot of the resulting suspension
I s separately added 10 [err] of each of the plasm d DNA sol utions. -Each of
20 t he rEewwipliend nixtures is cooled onice for 30 nin, and then
heat - shocked at [err] for 60 seconds. Immedi ately thereafter, 5m_ of the
LB nedi um pre-warned at 37C "is added to each of the heated m xtures, '

fol I owed by inc@d dn HTRSSEPIEt iGRe Hodr- CIlHe It £tved e tIGMAE brot hs

are each 25 subjected to centrifu atquato formcell pellets. The
super- natant i &1 SFSre®BZarld 3 BEF M PhasMdEId and stirred to
-resuspend each of the cell pellets.. Each of the resulting 54

suspengions is doletifled oFf 1 aolliB ragars e Motell iy 3 dr@fidrmed
tetracycline, followed by incubation at 370C overnight. As-a result,
| oni es ofwittdt resmyc |d fechee RN D EY-ONHr@ MBR-2 tolaskfidsedhieachhra t h
18, pB2-7 and pB2-2 5 plasmids are obtained. Step 2 (Preparation of
pB2-7 and pitd iPless rind Helas)e nigxc [Examotliee 3+ asfoordieng Lo ddpectustamary
transforned with pB2-7 and pR18 pl asnmids which are obtained in Step 1 10
i s subj ectREPIEFYTBS gr GRasidiiaaid s asdianinmofakt aeld K¥3 etdadm of the
pl asm d; éﬁg harvesting and lysis of the transformant, and (.3), o
purificati dHFif6k rare| £anitengda in B @esinmantdl £ha R sadd iy
descriged Be PRI IHIL broth becomes 0.37at ssonm. 50ml of the g

grown E. éq;i culture is harvested,Washed-with a 25ml mix-
tﬁrg céﬁtaining.lOmM MO?S(pH?.Oj-and 10mM RbCl, and re-
suspended in a 25@1 mixture contéinihg 0.1M MOPS(DH6.5) , SomM'fi
ng suspension is cooled

15 on ice for 30 min , centrifuced and suspended in a mixture

Lo 19

of 2mi of the above-menticned mixture containing 0.1M

MOPS (pH6.5), 50mM CaCl, and 10mM RbCl and 30 ml of DHSO.

[\

To a 200 pl aliquot of the'rgsglting sqspension is separaﬁh}y
adéed 10 pl of each of the plasmid DNA solutions. Each of
20 the reSulting'mixtures is cooled on ice for 30 min, and W/
then heat-shocked at 44°C for 60 secoﬁds. Immediately
thersaiter, Sml o thg LB mediﬁm p:e~Qarmed at 37°C is added
_to each of thé_heétéd_mix;ﬁ?gs;'f0110we5 by inéqbatibn_at"
37°C fo: one hour; ‘The obtained culture broths are each
;251 | subjected to centrifugation to form cell peliéts, The super-
natant is discarééé, énd LE medium is added and stirred to
tésuépénd each of the cell pelleﬁs. .Each bf the résuiting



of T. Maniatis, E. F. Fritsch and J. Sanbrook, "Mblecular 15 d oni ng",
publ i shed by Cold Spring Harbor Laboratory, U S. A Illustratively stated,
each of the transformants is inoculated into LB nedium containing 30 [err]
tetrasycline and incubated at 37C with vigorous shaking. This step.is
repeated to attain growh of the trafsformant and anplification of the

pl asm d. The tansformant 20 culture.is harvested by centrifugation at

4000g for 10 slispendlich@ is'herndeRaRRARR, iah Qlﬁ@%aiequaﬂw RS it G
pellet is washed in 100 ml of ice-cold STE [0. 1M 10mM Tri.s O (pH7.-8)

and 1nmM EDTA[30 %@rﬂu@%ﬁ%&QrLVS'f%l%M I5yndniciba tS@nutaitory76fc 20 ng/ m

| ysozyne-10 nM Tris. d The viscous product is transferred
to an ul tracevdzfidge: tutxs Atk A, idolgrd sl 635, G I fioie 3R sTist adit
[err] to 55 obtain a DNA salution. The volume of the DNA solution is

measur ed. Fortmresfiormandd idmnsiveaeid )y darmnf wwalh GRISS| PBRXHY @nddes2-2
~added and m xed gently until all of the salt is dissolved. 0.8 m of a
sol uti ofn of alldashids =re dbtirdel.(10ng/m in [err]) is -added for every
10m of cesiumchloride solution. The final density of the solution is
1.55g/ M, and the concentration of ethidiumbromde is approxi.mately 600 -
[err]. The cesiumchloride solution is transferred to a tube suitable for
centrifugation, aRffhe 10(PrePFAfiqRtiat @Btk anthPRis Alasmidyids)i ght
paraffin oil. Centrifugation is conducted at- 45,000 rpmfor 36 hours at

[err] to obtain tvgadis e VRIS hadpbddBFE0f mﬁﬂm of
| i near bacterial, DNA and nicked circular plasmd

| wwth 'DB2-7 and pRl8 plasmids which are obtained in Suep 1
\“/10 is subjecté& to.(l) Qréwth of the.t?ansié:mantjand ampii—
fi&a:ion of the plasmid; (2) harvesting-and lysis-of the
ransformant, and (3) purifi;ation of the plasmid DNA, in
acccrdéncé with the procedures as_describéé at pageé 88~96
of T. Maniatis, E. F. Fritsch and J.ISambrook, "Molecular
15 | Cloning", published by Cold Spring Harbor Labdratory, U.S.A.
_m;llustratively stated, each of the'trénsfcrmant;.is inoculated
into LB medimn-containing 30 Ué/ ml',tetracyclihe' and incubated at 37°C
with vigorous shaking. This step is repeated to:attain growth of.the
L o transformant and amplification of the plasmid. The tansformant.'
20 cultﬁre_ is harvested by centrifugation at 4000§ for iO min.
at 4°C. -The supernatant is discarded. The result ing pel
is washed in 100 ml of ice~cold STE [0.1M NaCl, lOmM
Tris-Cl(pH7.8) and 1mM EDTA], and subjected to lysis by
~ boiling in a solution of 20 my/ml lysozyme-10 mM Tris-Cl, pH 8.0.
25 The viscous product .is transferred to an ultracentrifuge

tube, and centrifuged at 25,000 rpm for 3D_min_ at 4°C to



DNA and the | ower band thereof consisting of closed circular 15 pl asm d
DNA. The |l ower band of DNA is collected into a glass tube through a )
hypodermi c needl e inserted into the side-of the tube. The ethidium bggn de
is renmoved, and the aqueous phase is dial yzed agai nst TAE. The plasm d DNA
.solution is treated with RNase, and extracted with an 20 equal vel une
of equilibrated phenol. The aqueous phase is.|ayered on a colum of
Bi 0-.Cel A-150 equilibrated in TAE (pH8.0) and 0.1 % SDS. The DNA in the
- colum i's washed, and a reservoirng TEwith 0.1 %SDS is applied to
coltect fractions. The fractions are precipitated with ethanol to 25 :
obtain a pBPEaHR & nPYA [ﬁ@?-u’“%gl sThe c¥OFPBBeOfnthRe DN3gspyuEd@@ucti ng t he
above procedures, ,250 [err ure pB2-7 plasm DNA and 134 pg of pure
pR18 plasnwaaﬁﬁﬁF%Ie Bet o %HV topi g‘%ﬁFckeTFﬁh Va#ﬁoﬁ ofobife pB2-7 and
pR18 5 ; Fr.om.t he B2-7 as
obt ai ned iﬁegfgﬁ %hlﬁf}?%rrﬂsigégﬁéeﬁ éd?@é??eaeﬂgg gtﬁlré kr?glr o
enzyme and jecte trophgre ethr h % _ cactyl m_de gel .
sRUB 01 o Lo fyeg! m@ 9 ita. RIS A Y eSS

After elec rophore-"s15S ned 8 Q&sr b8fd s cut out

to 1Q FQEﬁigea(fﬁﬁé/ﬁfoﬁt 15¢ 503488 QEr %@ekﬁogﬁéfdogwéési ert

nick ‘translation is- - carried out e nmanner esc nia

et al, prognidihe &58GkiSKi- _m- Bina2ackiidyl $%7%he s520ekBR f1 K
1.55g/ml, and the concentration of ethidium bromide is .
_;pp:oximateiy 600 ug/ml. The cesium chloride Solutionis ' ;\)
_urans&e::ed to a tube sultable for cenurluugatlon,'anc the |

10 remainder of the tube is fllled wzth ‘1light paraf ln-01l.
Centrifugation is concucted.au 45,000 ;pm ;9: 36 hours at
- 20°C to obtain two banés. of DNA, the upper baud thereof
u ¢onsistiug of Lineaf bacterial DNA and nicked circular plasmid.
DNA- and the lower:band-the:eof consisiing of closad cifcular
15 - plasmié DNAf' The lower band of DNA is collected into a
| glass tubeuth:dugh a hypodermic needle inse:téd int6 ﬁhe \).
.side3of ‘the tube. ‘The ethidium b*onlde is removed, anc. -
the acueous phase . is dialvzed acainst TAE. The ula511d DNA e
_ solutlonhls treated wlth-RNase, ‘2and extracted with an
20 equai volume of-equiiibrated-pheﬁol, fhé'aquéous'ﬁhasé is
;aye:éd on a2 column of Bio-Gel*A4150-equilibrated in TAE_
(pHB.O) and 0.1 % SDS. The DNA in the column is .wééhéd.
and a reservoir of TE w1th 0.1 % SDS is aoplled to collect
fraculons. The fractions are prec1p1tated wlth ethanol to

25 obtain a pure plasmxd DUA.

¥ Registered Trade Mark



translation, the Nick Translation Kit produced and sold by 15 Bet hesda
Research ‘Laboratories Inc., U S A is enployed, and 80 pnole of radioactive
dCTP.i.s applied in a 25-[err] reaction system (-at 400 G/muole).. To a

m xture’ consi sting of 2.5 [err] Solutigg A (dNTP's solution) 2.5 [err]
Solution B (500 ng of test .DNA vyiz. Pstl i nse g hot

(3200 G /mmle) 1.B¥ ‘{%‘rdr‘ﬂc"édlgd therpbeys §ﬁ8F8°°565pn%P8/{-8rPf ETR) DEE Z

Sol ul 1 on C ( DREwH BUR A oI OF, Baig PELE PleaRidctR Brdgofipines.

Then, Sol ution D (stop buffer) is added to the resulting mxture to stop
the re- action. Further, carrier tRNA is added, subjected to 5

et hanol precipitation tw ce nq>q%ssolved in 500 [err] of water. The"
specific activity per ug 3 x [err] cpm Wth respect to the pure

pR18 pl asni d DNA obt ai ned I net and15e 1ohh%‘a ¥@ gggcﬁrgﬁg Reggedures.
are carried out to effect t e nrc transl ati on. he“specific activity 7

10 per pg. DNAis 7 x DR pH 4 (Preparation of Rsal Insert
Fragnentgof 'pR18 Pl asm d DQ%h%égi #3) 80 [err] of the pR18 plasm d DNA

:;fecflggﬁgfgswstphﬁﬁfg ’Eﬁé%ué@trbm'ﬁr@)ﬁ@nda'm‘ﬁ% teehed G0 Step 2, 40 pg
is taken, digested with PstI restriction enzyme and subjected to
elect:ophoresis'thropgh 4 % acrylamide gel. After electrophore~
Sis, the_DﬁA is stained and tﬂe desired band'is~cut out to

10  isolate a PstI insert. ” |

| .Using 500 ng of the.isolated PstI insert, nick translation
is carried out in the manner as- O‘SC;lbed in Manistis, T. et al,
proc. Natl. Acad. 5c1. U.S.A., 1_, 1184 (1975). For the n;ck_
‘translation, the Rick Translation Kit procuced and sold by

1s Bethesda Research Laboratories Inc., U.S.A. is employed, and 80

pnole of radioective_éCTP is applied in é 25-p1 re;ction system

(at 400 Ci/mmole); fo a2 nmixture consisting cf:._

2.5 pl sclution A (ANTP's solution)

\ 2.5 pl Solution B (500 ng of test DHA #iz. PstI insert)

20 5 pl hot ACTP (3200 Ci/mmole)
. 1.3 ulcold &CTP (65 pmole, 50 pmole/pl acre)
21.2 11 solution E (E30) |
22.5 pl (total)



e

4 % pol yacryl arn" de gel. The follow ng desired bards of inserts are cut out
- and putified by nmeans of the BND columm; about 640 bp 3.77 [err}
-(rgecovery 52 % 20 about 175 bp 1.77 [err] (recovery Q0 °%.
The above about 640 bp insert issgdesignated as 3'-fragnment of pRI1S8 :
(meani ng 3' -untrans]ated regingg oj_-,gng), and the aboye.about 175 bp insert
i s desi ghlt e8CEeS pR1B-RE 1O bR RECRoH 1QVRESEeN DOF g’ﬁi'é)""."ﬁﬁf’ed\)er, t he
above procedures are _repgaled using Pstl d Mst Il 25 restriction :
enzymes i §i‘@aﬁeﬁ‘?_‘?§e&ﬁs§§ %eg?f'i EBI ’Bﬁnenzs E0 o SAHEEFR™ Re ($5PPowi ng band:
about 450 bp. ._3.65.[er recovery. 60% The above insert.is designated
as 5' -frafheaecbiipmsidee ’-El’s RTE Y B‘Frgal 8o =6t “tohé"sﬁc?rré?ﬁl‘Géﬁom c. TNF
Gene) The_32P-1abel] ed. pl aspi 2- I nlRSEl: t.ained in_sStep 3 of Exanple 1
is used a8<5*RYpri dV'Zélf‘lgbh,g%gﬁggfozgg‘r&eeﬁts[g 'F]Ed’plsélc?ﬁe'é'“%a “Cof .
bacteeri opha a pg,4§§_g | gg LC . lisbE (epar;ed L,ASekt .9 L.nto
thetSeChar o%“g%"ggoézr ~Figat %g%‘ggi_tgg%l g'%lthnte:?%étoea’l“f i %l;lea)r‘]scg& %36_,‘"8%'%' .
(1977)] ofpnai z8d-kEagneat s i LonpRar hhably disgest ad hygen DA [ Maniatis et .
al, by o 8RR eC B3ud Dy B dizat fon method of Benton and
Davi s [Benton gRdnlPespecPa¥bStheSpheBCRRIB1BA a3 o BRA/ bbtlainggedn Since
not" alt of the bacteriophage in the starting culture contain the necessary
genetic mgkebi al, EOBopr eRar kbgvhvaasciibeda prioel@G udaisCA rlzas carhdes@ sequence
conplenentary to the rabbit TNF gene is used. DNA - '
out to effect the nick translation.. The specific activity

_ ' ; |
er pyg DNA is 7 x 10 cpm. o
10 pexr p - ! ) ,

Step 4
(Preparation of RsazI Insert Fragment of

pR1E Plasmid DNA)

el

is 80 pg of the. PR18 plasmid DNA is digested with Rsal

restriction enzyme, a2nd subjected to electrophoresis through

4 § polyacrylamidée gel. The following desired bards of inserts

are cut cut ard purified by means of the BND column: . o
about 640 bp - 3.77 ;‘ig (recovery 52 %)
20 ' about 175 bo 1.77 pg (recovery 50 %). _ " NS -

T_hel above about 640 bp insert J.S designated as 3'~fragment of pRlS
(m2aning 3'-unt.ranslated._ region of pR18), and the above about
175 bp insert is desigr..até,d as pRI8-—cfr (meaning coding region of pR18) ;_
Morsover, the above proce:'lﬁres are . repeated using PstI and MstII
25 - restriction enzymes istead of the Rszl restriction enzyme to obtain
the following band:
about 450 bp 3.65 P9 (recovery 60%)

The above insert is designated as 5'-fragment of pRIS.



of phage pl agues having the desired genetic material 15 I ncor por at ed

t he radi oactive probe and are identified by their radioactivity. N ne
hybri di zi ng pl aques are isolated fromthe library. The procedures and

condi ti/ons used are as follows. 1) Nunmber .of plaques: 20 -
x 106 plaques (~4 x [err] plaques/[err]150 mmplate x 25) 2) Transfer to
nitrocellulose filters: [see Bentomggnd Davis, Science, 196, 180 (1977)] 3)
Hybri di zation: Addition of 1.25 x [err] cpmm of pB2-7 insert 25 .
probe prepared in Step 3Qf Eéanple 1, [err] 19.5 hr 59 4) Washing: 2 x
SSC - 0.1 % SDS at room t &Y Prmersion 10 min. x 4 1 x SSC - 0.1 % SDS at
[err] 5 B | mrer,sid 1 n. POSULE . X@ﬁTS t man
Kodak Conpany, U. S . A) [ ( ga}&%ng o, frie %Lm§§ %%“ogéchr nG%E%

err intensifying screens, above

screening, 12 capdi 83e 13HeA10g ?1%5%%’1%7 YQsert BptAenSdEn gﬂ&?% e

nmentioned above, second screening is car d out to obtain nine strai _
T e e Tt e R e Tp, S e RO LS
cont ag ni ng dfdaidtied1dpmhageadRition 4WyHihal & eMdid1ad bYak§ BPepared by
| insertion into the Charon 4A EcoRI ligation site [Blattner et
al,\“Séience"'l&ﬁ, 161 (1977)) of sized fragments from partially

' digested human DNA [Maniatis et 21, "Cell" 15, 687 (1978)]. The

Y plaque hybriéization method of Bentbn and Davis [Benton and
10 Davis, "Science™, 126, 180 (1977)] is used.. Since not all of

the bécteripphagg in the sta;ting culture contain the necessary
_ genetic material for preparing human TNF, a prdbe wvhich has a
 bzse sequenée co:plementaﬁy to the Ejbbit TNT gene is used. D:A
of phage élaques having the cesired genetic materiai
15 incorporated the réﬁioactive probe and are identified by their
radioactivity. Nine hvbricizing plaques are.isolated'from the

( library.

~ The procedures and conditions used are as follows.
11 Number of plagues: _
20 | —1 x 10° plagues (~4 x 16% plaques/£150 mm plate x 25)

2) Transfer to nitrocellulose filters:
[see Benton and Davis, Science, 196, 186 (1977)]
' 3) Hybridization: | _
Addition of 1.25 x 10° cpm/ml of pB2-7 insert

25 _ prdbe prepared in Step 3 of Example,l; 420C, 19.5 hr



15 fourth screening is carried out to confirmthat the nine strains
contain the intended fragnent. The obtained nine bacteriophages containing -
the intended fragment are designated HG 1-HG 9, respectively. 60 SR;BE.G
(l.sol ati on of Rabbit Genom c TNF Gene) Substantially the sanme procedur® as
described in Step 5 of Exanple 1 are. repeat ed except that [err] plaques of
bacterlophage 5 Charon 4 Alrabbit9 genonmic library which is prepared
usi ng digested rabli aBNfpEVBENI atis et al, Cell, 15, 687 (1978)] instead of"
~digested human DNA. 6.7 X err] pl agues of bacterlophage Charon 4A/rabbit
genom c library are psedssgst-eaqdiofy [sosr ht Rlodsuesen. t he bacteriophage
Charon 4A/ human genomc 10 . - library. Thus, there is obtained two
bacterlophage stralnsmﬁaegioandoRﬁga) &omt ai ni ng the rabbit genom ¢ TNF
gene. Step 7 (Southern bIottldg anal ysi s of human cl ones) Using the
bact.eri ophages HG 3, 1Hi 8S@neé BIG17 $0lsDSi aed 509CL5 Step 5 of Exanple 1,

of each bacteriophage is obtained according to the follow ng
pJocedbres. 6 x [errImmeckionf 3Pemih. kE292 (host cell) are suspended in. 18
m of SMand 3 x Eerr] PFU of bacteriophage HG 3-is added, thus allow ng
the E. coli to be3)nEspoedret 370C for 20 minutes. 20 Ther., the.
obtained mixture is. added.in 3 liters of NZ-broth:and subjected to shaki ng .
~culture-at [err] for. %BRh§UK§aStEGHWK°@ﬁk[@Pﬂpaﬂynﬂﬂk§}&<ithe m xture and

further subjected to. shaklng
800C, "2 1ntenszfy1ng screens, 39 hr

In the above screenlng, 12 candzdate stralns are obtalned.
10 In the same manner as mentioned above, second screenlng is
carried out.to obtzin nine stralns contalnlng the intended
fragment. Usiné'these stfains;'ﬁhird sereening'is:carried oﬁth
_1n the same manner as mentioned above to ob ain nine strains “
containing the lntended fracment. Us;ng the obtained strains,-
15 fourth screenlng 1s carried out to confirm that the nine strains
" contain the intended fragment. The obtalned nine bacterloohages
connaining'thenintended fragment are designated.HG-lh-HG-B,

respectively.



culture for 30 mnutes. NaC is added to the mxture to a final
concentration of. 1 M the mxture is allowd to stand 25 for 15

m nut-e fol l owed by centrifugation to obtain 61 -supernatant. Then,
ponetﬁ?lene gl ycol (nol ecul ar wei ght: about 6000) ‘is added to the mixture
so that the concentration of polyeté@lene glycol becomes 10 % (w'v), and
allowed to stand for 22 hours at [err] Bacteriophages are collected by 5
centrifugation. The obtainggepagt eri ophages are suspended in 28 nl of SM
and an equal volune of [err] is added. After stirring by neans of Vortex
for 30 seconds, the m xture(isortbjiestefl RabbittGehoghti THNF t@ewd) ai N
aqueous phase. - SMis added to the aqueous phase so that the total  anount
becomes 30 ml. 2B8uBsga#fizlly €E8€l sameapdedetoréehesobesacnibledn ki WBie@mrBl of
di ssol ved gently, followed by ultracentrrfugation6(45000'rpnr 20 hours) to
obtai n bact eExepipdged knet bepéatadoéxaeptinthat The opleagnes of xbawe=riophage
cont ai ni ng bacteri ophages is dialyzed against 10 M NaCl - 50 nM Tris (pH8)
- 10 -&M [ err CharThed, AEDihblﬁrgeepmaSelkaQQYSEB-éhel§50renaredunﬁxhgo t he
m xture so that the concentrations of themare_ 20 nna [err] and 0.5 %
(W V), respediigesited rzhbhttREAnilkenietis ekedledCal Eeli} §8f bh¥78&blr and
extracted with phenol, a mxture of phenol a [ er b by volune) and
then with [erfEteRe @gtapaeataauéeménpﬁhée i a|§I§ edP$§3P%§t°EO nNITrls

H8) 2 DTA... Th t t b
-ggta?ned aqu§@§§eﬁﬁgwga§ﬁoﬁ§afﬁgt bﬁ?gg SF%PEEC é?gFgggﬁgéggen Bl?i“ead

oprained.  SURH 38 §h'aubl® o TRePbREELHE 8PN AT RAGELRIA bR O§ERG 1
kfo library. Thus, there-'is obhalned two ba*terlonhace strains

(RG-1 and RG-2) containing the rabbit genomic TNF gene.

'Step 7 o |
- (Southern blotting analysis of human clones)
Using the.bacteriophagés EG-3, BG-6 2nd HG-7 obtained in
15 Step 5 of Example.l,'DNi of each bacteriophage is obtained
| acccréiﬁg to the foilowing pzocedures.
6 x 1010 cells of E. coli LE3S2 ({host cell) are suspended
\,f_ iﬁ 18 ml of SH.and 3 x 109 PFU of bacteriophage BG-3 is aééed,
thus allowing the EL;ggli to be infected at 37°C-for'20 minutes.
200 Then, the oota'ned mixture is added in 3 litozs of Nz-broth and
| .-subgec»ec to shaklng culture at 37°C for 23 nours. 60 ml of
CiCl, is added to the mixture and fu:hher subjected to shéking
culture for 30 minutes.  NaCi is ?dded tolthe.mixture to

a final concentration of 1 M, the mixture is allowed to stand

(Y]
W

for 15 minutes, followed by centrifvgation to obtain



———— . ;.

25 .. to the preparation of DNA of the bacteriophage HG 3 are repeated
to obtain DNAs of bacteriophages HG 6 and HG 7. 62 Thus,there are .
obtained 2920 [err] of HG 3, 1100 [err] of HG 6 and 819 [err] of HG7_JIh
accordance with the Southern method [E.M Southern, J.Ml .Biol., 98, 503

(1975) ], Southern blotting analysis. of 5 the obtained DNAs is
performed. The procedures and condélions are as foll-ows. 1) DNA: HG 3
825 ng each HG 6 935 ng.  each 10 ' HG: 7

685 ng eapkraatanbi.geThieon ppﬂyethyﬂene géycpﬂcﬂmoﬂeemi;mewelgﬁtunab%ut
BanHl, 10 units EcoRl, 10 units BamH + 10 units EcoRl 10 units Hindl Il 15 .
10 unlts HEAGP) | is addedi to Ehelex@umnlsg PhatlthéccoﬁchntShtlon of
El ect rophoresis: 0.8-% Agarose gel. : : TAE 28 V,
15.5 hr 4)polyeshydenet § HFPﬂ-obélcbule§sé0f B t(y/sn ,(ged amzlowsautbesnand for
J.Ml.Biol. , 98, 503 (1975)]
22 houts at 49°C. Bacterlophages are collected by
'_"5 ' centrlfugatlon. The obtalned bacterlophages are suspended in. 28
ml of SM and an equal ‘volume of CHCl3 is adoed. After stirrzng
by means of Vortex for 30 seconds; the m1xtuze is subjected to
centrlfugatlon to obtaln aqueous phase. SM ;s added to the B
‘aqueous phase so that the total amount becomes 30 ml. 26.4 g &u)
10 CsCl is added to the obtained mlxture and dlssolved gently,
. followed by ultracentrlfugatlon (45000 rpm,_20 hours) to obtain
bacteriophages in the form of a band. The ohtained mixture -
containing bacteriophages is dialyzed against 10 mM NaCl - 50 mM |
Tris (DHB) - 10 mM MgClz. Then, EDTA, Proteinase K and SDS-are
15 = added to the mixture so that the concentrations of them are 20
nM,ISOIFg/ml and 0.5 § (w/v),lrespectively.' Then the mixture is
treated at 65°C for one hour and extracted with phenol, a
mixture of phenol and CHCl3 (1:1 by volume) and then with CBCl, -
 The obtained aqneous.phese is dialyzed agalnst 10 mM Tris (pH8)
20'.- -~ 1 mM EDTA. The ultraviolet absorption measurement.of the
obtained agueous phase shows that pure DNA of the bacterlophage
hG -3 is obtalned. |
Substantxally the'same proceéures'as.aescribed with respect'

25 . to the pteparatlon of DNA of the bacterlophage BG-3 are repeated

' to obtain DNAs of bacterlophages BG~6 and HG-?.
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25 5) Pre-hybridi zation: 30 ml FDSS 42C, 6 hr 63 6)
Hybridi zation 5 - fragnent (1 x [err] cpmm) of pP18 (prepared in Step 4
of Exanple 1) 42C, 14 hr 5 7) Washing: 2 x SSC - 0.1 % SDS at room tenp.

| mrer s+6n 10 min. x 4 10 -+ 1 x SSC -0.1 ¥8DS at
50C Imersion 30 min. x 2 8) Exposure: XAR—5(Eastnan Kodak Company, :
U:S.A) [err] 2 intensifying screens, 14 15 The results of hybridization
are shown in Table 4. 64 Tabl e 4 Enzy Clone - Hybridizing fragment
'size with Probe (baThes, there are5 olbtislined 2920 pg of HG-33'1ER0Q ng

of HG-6 and 819 pg of _7.
In accordance with the Southern method [E.M. Southern,
J,Mol.Biol.; 28, 503 (1975)], Soﬁthern blotting analysis of
5 the obtained DNAs is performed. The procedures and conditions
are as follows. |

1) DNA:

. HG-3 825 ng  each
O | | ﬁ?fG 93§ ng each
10 - o - HG-7 - 685 ng each
2) Digestion with various restriction enzymes:
10 units ggmﬁI, 10 units EcoRI,
10 units BamHI + 10 units EcoRT
P | - 10 units HinéiII,
15 ' ' ” 10 units HinGIII + 10 units ggQRI
iO ﬁhits.gggll
v | o 37°C, 3 hr
3) Eleét:ophoreéis:
N | 0.8 % Agarose gel
20 TAE
28 Vv, 15.5 hr
4) Transfer to nitrocellulose filters:
.[seé E.M. Southern, J.MolfBiol., g8,
503 (1975)])
25 _ | 5) Preéhybtidization:

30 ml FDSS

42°c, 6 hr



- — - 2

pnage) HG3  6:7 kb

ee—

| - <-- BarmH -6 11
2 kb -7 9. 2 kb BanH . HG3 . 2.9 kb + -6 EcoRl - T

HG 3 EcoRl -6 -7 HndlII HG 3 + : -6 . . " EcORl ~v -7
HG3 9.7 kb ' . <-- HndlIl -6 i 4.1 kb
<-- -7 9.7 kb HG 3 2.2 kb 63 - ~ 0.9 kb Pvul
-6 1.9 kb - _ - S 0.9 kb -7 2.2 kb '
0.9 kb NOTE: Thesynbol " <-- " neans sane fragnent hybridi zes. 65 Step

8 (Southern blotting ggatyﬁis’of.rg?bit_clones) Substantially the same
procedures as in Step°? of "ERAABFE2E8Pe repeated except that each of the

bacterio- 5  phages RG—i“ang.BGT%ai.estqq &ngbéa@§§pﬁgchfobgg@e

* (prepared in Step 4 of

Example l)l

) 5 e 42°C, 14 hr

7) Washing:
2 x SSC - 0.1 $ SDS at room temp.
Immersion 10 min. x 4

P L

1 x sSC - 0.1 % SDS at 50°C

10
Immersion 30'miﬁ.'x 2
8) | ExpoSureﬁ _
 XAR-5(Eastman Kodak Company, U.S.A.)
ﬁ80°C,'2'inténsif§ing screens, 14 hr
15

The results of hybridization are shown in Table 4.

-/



Ve
bacteri ophages HG 3, HG 6 and HG 7. Thus, there is perforned Southern
blotting analysis. As a result, it is found that pR18 5 -fragnent is

hybridized with a single band fragnent of fragments which are obtained 10"
by cleavage of RG1 and RG 2 with each of BanH, EcoRl, Bglll, Hindlll and

BanH + EcoRl. 66 Step 9 (Constructhifon of bact erial clones containing
human genonmi ¢ TNF gene) The method of Landy et al (Biochenmistry, Vol. 13,
2134 5 . (1974)] is wused to obpahpe DNA of HG 3 as obtained in the above

Step 5. 33 [err] of the resulting HG3 DVA 'is digested with 80 units of
EcoRl at [err] for 3 hours. The digest is electrophoresed on 1 %1 ow
“nelting: agarose gel (conditions: 1 x TAE, 20 V, 14.5 hr). The 2.9 kb band
is isolated from 10 - the agarose gel as described by T. Maniatis

.

[ Mol ecul ar dfoning, Col g Spring r yn R 242e( §9%7) Probe
Specifically,] tbezyns-ol tCJgrexheo h%@@g ?Eg g ggrtlgon IS heat(a&la ry
for 15 min. |The EcoRl- ‘\ggggfho'lﬁc}3 fra@heanahaw ng a |engt
(hemnei naf t er joftemrreferred—to <515 —HG—3EcoR—2—9—k 5
recdvered frgmthe meltedygey by gxjrggting 3 tinmes with phenol and then B
times with arjother extraction sqlvent, followed by precipitation with
et hanol cont di nB&BHEmmohi unt@cettkt e2. KRus, there is obtai ned 637 419~ (yi el [
about 30 % df HG 3/ EcoRl 2.9 k érzig}agnt. 20 255|ng ofethe
above- obt ai ng : i gated 1o —_— :
BamH1I HG-3 2.9 kb &
) + _6 " E ) S—
/ EcoRI =7 " —
HG-3 - | e
EcoRI -6 . ‘ —
: __7 . " _:____ !
BindIII | #G-3 |  * — ,
, + .76 ) " ’ M
EcoRI -7 " i —
| ’ [
I-:G-—3_ 2.7 kb —
HindIII -6 4.1 kb ; —
- =7 9.7 kb < b
U . HG-3 2.2 kb - 0.9 kb
| Pvull -6 1.9 kb | 0.9 kb |
| -7 2.2 kb - - | 0.9 kb |

NOTE: The symbol * €—— * means same fragment
hybridizes.
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56.5 ng of EcoRl -cl eaved pUC 13 [J. Messing, Methods in Enzynol ogy, Vol.
101, 20 (1983)] using 2.5 units of T ligase 4 at [err] for 20 hours. E

coli K12 strain JMB3 is transfornmed using the above- 25 obt ai ne
ligation product. Specifically, E. &oli K12 strain JMB3 is cultured in LB
~mediumuntil.the optical density of the culture broth . beconmes 0.3 at 550
nm 50 m of the growmm E. coli K12 strain JMB3 culture is collected,
~washed with 67 a 25 m of 10 mM MOPS(pH7.0)-10 nmM RbCl, and resuspended
intoa 25 n of 0.1 M MPSHgpis 5)-50 M [err]-10 nM RoCl. 2 The suspension
is cooled onice.for 30 mn., centrifuged and resuspended in a m xture of
2 mM of 0.1 M MOPS (pH6. 5)¢tscuthern Hiodt{ims rdnady RbE ofindaBbiteclones)
DMSO. To 203 [err] of the suspension is added 10 [err] of an aqueous

| i gation productsubsitiantda ldonttdiei s praredutde asgani Sheprodoft.  The
“mxture is cooled on ice for 30 min. and then heated at [err] for 60 :
seconds. |Bweswpila dl yaxehenmegiaatisd exdensf tiBbreadhppé-the bactepbened at -
[err;I is added to the heated m xture, followed by incubation at [err] for
one hour. PhageHtREdedrduIRGr2 8 otyssd Lnspeadt@f eackedfrthagation and
the supernatant is renoved. An LB nmediumis_. added to the resulting cell.
pel l et and Partegipphasasediom afiG® @24 feoht ai ARG 3BREERr ESanpicillin
and 15 40_[err X-gal . | onj es containing E. coli 2 strain JMB3
whi ch have %’éﬁflrt‘? &%&‘F?PécF%‘?cfPﬁfe“%%%#kﬁilﬁavi 3 ?h’ées‘lﬂ.w it ¥

: is

found that pR18 S'-fragment is hybridized with
a single band fragment of fragmex"xts which are obtained S
10 by cleavage of RG-1l and RG-2 with each of BamHI, ECORI,

BglII, HindITI and BamHI + EcoRI.



A

insert are white, while those containing E. coli -K12 strain JMB3 which have
been transformed with plasmd only are blue. The obtai ned white col onies
are inocul ated again on LB plate containing 20 30 [err] anpicillin
-and 40{err] X-gal for the purpose of confirmation. Fromthe
above-obt ai ned white colonies ten c?éonies (bacterial -clones) are selected
and screened by using a mni-prep chni que. Specifically, each colony is
cul tured overnight in LB .nedium containing 30 [err] anpicillin. The
grown cells 68 are collecégd ﬁﬁf suspended in a solution containing 2
ng/ M | ysozyme-50 nM gl ucose>19° "M EDTA-25 nM Tri's HCL (pH 8.0). The -

suspension is allowed to st al_roomte . for m nut es, _fol | oned
by addition of 200 [err]. of ?gg‘é?ﬁﬁ\fﬁdﬁf'i %-@%H%F‘“ﬁf?’g?“%f oW %13 +49 ng,
the suspension is allowed t tand 2 femperature for 2 mn. '
Thereafter, 150 [err] of 3 &gﬁﬁu%%%%fggbtﬁ%ﬁ Is added, allowed-to

tand at -20C f L e s 13 ' ' | ' t
stand a or Qe hdlehod O £ OMELhPYe COM I HOA{d R0 4F, J«god%negugbgz;[%?r]

recover the resulting supernatant. o the supernatant I’s

of col ¢s et haneh 974 pj | pyed, bya cestsnf AT HEN $OTHE- M fs 10 ORI Ny he
resulting precipitate. The obtained precipitate is washed with 70 %

et hanol and dthedabevgestéppbasnisl ot | thé hee SPDYEnGENE L PNRA "B NOThe & €84
pl'asmid DNAs are obtained. Each plasmid DNAis dissolved in 10 nM Tris-0.1

m 15  EDTA(pH8h0SP unijestefl BeoRI EeoRI720dfsub) endedst 0 Bhedigphorasi s

or restriction_analysis. The conditions for digestion and .
o electrophoresed on 1 % low melting acarose gel (conditions: .

U 1 x TAZ, 20 V, 14.5 hr). The 2.9 kb band is isolated from
10 the agarose gel.as described by T. Maniatis [Moiecular
Cloning, Cold Spring_Hérbor Labbratory, P 377 (1982)]).
Specifically, the cut~out gel of the 2.9 kb band portion is
heated at 65° for 15 ﬁin. The gggRl—c;eavéd ﬁG-B.fragment
having a length Of 2.9 kb (hereinafter often referred to as
15 "HG—3/§£9R1 2.9 kb fragment") is recovered froﬁ-the.melted
gel by_extfacting 3 times with ghenol and then 3 times with
Ul anothéi extraction sqlvent,_followed_by precipitation with
ethanol_cdntaining ammonium acetatg. Thus, there is_obtainéd
637 ng {yield: about 30 %) of HG-3/EcoRI 2.9 kb fragment. |
20 255 ng of the above-obtained fragment is ligated to
56.5 ﬁg'of gggki—cieéved puC 13 [J..Messing, Methods in
Enzymolpgy; Vol. 101, 20 (1983)]l05ing 2.5 units o.f.T4 ligase
at 4°C for 20 hours.
E. éoli.K-lz strain JM83 is transforméd.using the above-
25 obtained ligation product. Specifically, E. co;i K12 strain
JM33 is cultufed in LB medium unfil the optiCal.deﬁsity
of the culture broth becomes 0.3 at 550 nm. 50 mi-of the grown

E. coli K12 strain JM83 culture. is collected, washed'with



el ectrophoresis are as follows. Digestion: - pl asmi d DNA sol ution,
one-fifth of the anount. as prepared above; EcoRI, 3 units; 37C 1.5 hr

~ El ectrophoresis: 1 %agarose gel; x TAE, 120 V; 2 hr The above wh

restriction analysis shows tB3t eight of ten clones are positive. That

. Is, the eight clones have 25 2.9 kb fragnent. Fromthe eight positive -

cl ones. @femt| 0fielPsmMsHPBE{pY7 abibi- HBsMYnBbEd .agnB resusDEndest daite JM 83
(pHGE) (ATCC 39656). Substantially the same procedures as in the above Step
2 area pSpmited PeolpleliaPe (rHE0S hpS8f "YHEECHNALO MBRbElcept that E. col i
K12 strain JMB3 EBQGE is used instea . ‘coli harboring pB2-7 and

. of JE. )or.i
pR18. T8Le§12B°PSLBEI bhi nGOBLeRcOR 1EReFEd SRy -5 centrifugedyy [orr] of

Fosul 87y -RPAGRERCH AEuF oNt RECTF RGheft "HaVing d FoAGES GREASIT 3.5 kb i s

10

00" Shetl BRI BTk 59, UBIoRER | Dol APRIeGY 2P O excent
o oSS eSRLEBRASIBEC, 15 TAREe 0 PILE RSl RN HlEAEL )
(3.3 lbhukt3ohi 88hedihonECOR ngi §eStrd 1RHG3on Brodiiant il witheeame
manner as in‘the above step 9, except that the above-obtained
is cooled on ice for 30 min. and then heated at 40°C for
60-séconds-:'1mﬁedia£ely thereafter, S.El.of LB broth pre-
warmed';t 37°C is.édaed to thg.hgéted_mixture,.foliowed ﬁy | QJ
incubation at 37°C féf one hour. The obtained culture broth o
is subjected to cenﬁrifugétion and ﬁhé supernatant is rémpved..
An LB medium is addeé:to the resulting cell pelléé and then
inoéulated oﬁ an:LB pléte containing'3O Pg/mi améicillin and
40 Fg/m;' X-galf"Coldniés containing E. coii_KlZ_;train JM83
which havg-been transfo;med'with.the'piasmids having the
insert are white, while those containing E. coli K12 strain
JM83 which have béén transformed with plasmid only are blue. The
obtained white ¢oloﬁies are iﬁoculatedlégain on LB.plate cohtéining
30 P@/mlaﬁ?ﬁﬂilin"'aﬁd 40.Pq/mi X?gal for tﬁe purpose of \~?
‘confirmation. - o

From the abbvé-obﬁained white colonies ten colonies'

(bacterial clones) are selected and screened by using a

"mini-prep technique,

' Specifically, each colony is cultured overnight in |

LB mediun containing 30 ug/ml ampicillin. The grown cells



i

15 . EcoRI-cl eaved fagnent (3.5 kb) is wused instead of EcoRI- cleaved
HG 3 fragment (2.9 kb). The transofornmation of E.coli K12 strain JM3,
screeni ng of bacterial clones, digestion of clones and el ectrophoresis are
effected in substantially the sagg manner as in the above 20 . Step 9,
except that the above-obtained Iigation product is used. The obtai rned cl one
i s.desi gagbedodbeEte@ohhdKddspenaed INBE $oREE) of AdEIEE06HYY .2 Supbhhntial |y
t he-sane procedures as in the above Step 2 are repeated to prepare 1.70 ng
of pRCGE Diépzgmeepd mihtglBcase-i1 KM SEDEArR2INBY TpRSEHRCLs(pHeB.0)ast ead of
pB2-7 and pR-18. 25 Step 11 gRestri ction enzyne anal ysis of pHGE plasmd
'DNA) TheThessuspenshosnignaldnykedsits stapAcEtDRRCfs tepparaédre £9g $n the
above Step 9 is effeCted.accormé¥£to the nethod as described in_Mniatis

[ Mol ecul Binatesingoldsvedhy midiian bRty wE b2 No&apPH-1T/Re SDS.
procedures and conditions uysed are as follqws. 15 11 R%)
Di gedt i oAESRTpRERYRMA SHiTF ipderithe $US RSP AR 1SNAL4RYES L2 BEarf 3%, 2 hr
2) Et hanol precipitation: recipitate 10__ . '3k Addi tion
of distiFPeg gﬁ?‘EFgFG“_ﬁFeEP_ﬁi Ea’f“é.n_' Pr 8PEFEEESRTof 130 Blr PEEGON SRFEYed
PHEE SOl Dethee THHESHHOM LHLYE" QY3 0LER tbohhaNaP12Y M8 c for
10 min., followed by centrifugation for 15 min. to recover
the resulting superﬁatant. To the supernatant is added .
i R 900 ul of cold ethanol, followed by centrifugatioﬁ.for 5 min.
to obtain the resulting §ra¢ipitate. The'obtained'pré:ipitate :
is washed with 70 % ethanol'and éried to geﬁ a'plésmid DNA.
In the above-mentioned method, ten plasmid DNAs are obtained.

- Each plasmid DNA is dissolved'in'lo M Tris-0.1 mM

coRY znd subjected to electrophoresis

Q]

15 EDTA(pH3.0), éigassted with

h

for restriction analysis. The conditions for cdicestion and -
Digestion: - plasmid DNA solution, one-fifth
of the amount &s prepared above; EcoRI, 3 units;
> - 37°C; 1.5 hr

lectropheoresis: 1 % agarose gel; 1l x TAT; 120 V;

t1

hr

[\8)

rn

The abovae restriction analysis shows = that eight o
ten clones are positive. That is, the eight.clbhés'have
25 2.9_2b_£ragment. Frcm the eight positive clones one clone
is selected and designated as E. coli K12 strain JM 83 (pHGE) (ATCC 39656].

Substantially the same proceéurgs as in the above

Step 2 zre repeéted to prepare 1.89 mg of DHGE DNA,



——— z

Restriction enzynme: 5 units Pvull, 5 units 15 Pvul | +
10 units Rsal, 10 units Rsal, 4 units Mstll, 3 units Aval, 9 units Pstl_
37C, 2 hr 5) El ectrophoresi.s: 2 % Agarose gel, 1 x TAE, 20 (O
28V, 14.5 hr 6)  Transfer to nitrocellulose filter: [see EEM Southern J.
Ml . Biogl., 98,503 (1975)] 7). First gre hybri di zati on: 25
30 M FDSS [err] 6 hr.8) First hybrrdization: 5 -fragment (5 x 10 cpm ml)

- of pR18 71 (prepared i n. the above Step 4 err]. 14 hr,_ 9) Washing: 2 x
SSC - 0.1 %=SSRR thivmEefells K12 strain Ju § (DH&“'Irﬁ?er‘é'?%n 10. min. x 4

1'x SSC - 0.1 %'SDS on n o Exposure: 10 :
XAR- 5( East neds $&ftfa MW r%%%é,’é% ?,n?‘en _y| ng screens, 17.5 hrs
11) Washi ng cut: Step 10 ' L

(Sunclonxng’of EcoRI-cleaved RG-1) .

| ' 5 o 30 pg of RG-1 as .prepared in the above Step 6 is

o7

igested”with'gggﬁl. From the resulﬁing f;égment mixture
the fragmeht'having 2 length of about 3.5 kb is recovered

in substantially the same manner as in the above step 9,
except thet'the above prepared fraément mixture and 0.8 % Q)

10 - low melting aéarose cel arz wused. There is obtained

1.0 g of EcoRI-cleaved RG-1 fragment (about 3.5 kb).

15 _ '§ggRl-c;eaved fraément;(3.5 kb) is:'used insteaé of EcORI~
cleaved HG-3 fracment (2.9 kb).

The ;:aasfo;métioh of E. coli K12 st:aln JMB3, se:eeni_d
o< bactarial c'ones, cigestion of- clones and elec rophoresis
are ef:ec:ec in substantizlly tne same manner as in the abovéy)

20 ~ Step 9, exc:_ept ‘.:hat._t.he above-obtained lication product is. used. The.
criained clone_is éesicnatad as E. COll 5_2 strzin JM83 (DRGE) (ATCC 39655).

Subs#an:ially the -same procedures as in the above |
S:ep_Z_arerrepe-ted to prepare 1.70 mg of pRGE DNA, except
that E. COll K12 strain.Ji83 (pRG‘) 1s~1nmai instead of pB2-7 and pR-18.

25 | . _ S |
~ step'll
(Restrietion,enzyme analysis of pHGE plasmid DNA) -

The -restriction enzyme analysis of pHGE DNA as obtained



e

0.5*M NaCH - 1.5 M Nad (I nmmersion: 1 mn.) 0.5 MTris - 1.5 M Nad
(I'mrersion: 1 mn.) 15 3 x SSC (Imersion: 1 mn.) 12) Exposure:
Effected in the sane manner as i-n the above 10), except that exposure tine

is 19 hrs. 20 13) Second pre-hybridization: In the sane
manner* as in the above 7) 14) Secondyghybri di zation: pB2 - 7 insert
(prepared in the above St ep 3), [err] 16.5 hrs 25 o S 15)

~ Washi ng: Inthes i t.he Exposur e: t he
same manner as |nt e a ove %SB dqeicsepgpf%'a‘t %xp%"s?ﬁ%l?% ne i s eld“%“ . 17) .

‘Washi ng out: cr 15 as above 11)
-18) Exposure 'T’n tﬁ'ue lsbaerrde 1nx%anl\ﬁaenrlatlgllnh\t' 'é\g%vﬁaq% “é%(t %?f‘?ﬁsﬁ osure

tinme is 20 hrsy, 493, Ve gi@-t
H r
t he sane rranneraas |n t 7%)5 0% il‘ﬁl rd hybr|d| zation: 3
fragment (4.5 x [errihéﬂﬁyééchgeéﬂgﬁﬁ_conc:t;ons used are as follows.
) 5 1) Digestion of pHGE DNA with ECORI:

18.6 pg PHGE DNA

64 units EcoRI

37°C, 2 hr
2) thanol prec itation: precipitate
O 100 ' 3) - Addition of dlsbll ed water to precipitate:

Preparatlon of.1 neg/pl EcoRI-cleaved pHGE soln.
4) Digestion with various restriction enzvmes:

Y kol &)
BGE/Zzs

l.J

- -
-
v

w3
e}
'U

Restriction enzyvme: S units PvuII, 5 units
1s - o PvuII + 10 units RsaI, 10 units Rsal, 4 units

"MstII, 3 units Aval, 9 units PstI

37°Cc, 2 hr
et 5) Elect:ochoresis-
C 2% Agarose gel, 1 x Tl:,
o/ '
20 o 28V, 14.5 hr
| 6) Transfer'to nitroéellﬁiose filteﬁ:

[see E.M..S§u£he:n, J. Mol. Biol., 28,503
(1975)]
7) First ére-hybridization:
25 | 30 ml FDSS |
' 42°C, 6 hr
8) - First hybridization:

5'-fragment (5 x 104 cpm/ml) of pR18



(prepared in the above Step 4), [err] 15 hr. 21).. Washing: 15 7
I'n the sane manner as in the above 9). 22) Exposure: In the sane manner as
in the above 10). The results of the restriction enzyme anal ysis are shown_
in Fig. 4. 20 Step 12 (Restriction gnzyme anal ysi s. of pRGE pl asmid DNA) Jh'
substantially the sane manner as i ALt he above Step 11, the restriction- &=
enzynme anal ysis of pRGE plgég;d DNA prepared 25 in the above Step 10
is effected, except that p pfa§n1ﬂn ei 3-gyedsiest ead of pHGE plasnld
DNA. The restriction 7, ﬂ RGE DNA-insert obtained is shown in
Fig. 5. Step 13 (Determ nat| on 0 e sequences of rabbit 5. '

TNF gene and hunman TNR gen\egsﬁwstantl ally the sane procedures as in the
above Step 2 are repeated, excepT that E. coli K12 strain JMB3 (pHGE)
obtained in the above Step § ang¢ E (1|I K12 strain JMB3 (pRGE) .obtained.in
t he Sﬁbove Step 10 are used .instead fo aE Tm 4€2> strain MCLOG6!
havi‘hg pB2-7 and E. coli Khaagg&@| %C;gGl haV|ng pR18. “Thus, 150 [err]
of each of pRCGE plasm d DNA and pH Iasﬁl & Bna |s obt ai ned. The base
sequences of pRCE and pHCE are det er@ ned

1l x SaC = 0.1 SDS at 50°c

Immerszon 30 min x 2

10) ‘Exposure:
1o _ - . : _
| XAR-5 (Eastn : |
- 5(Eastman Kocak Company, U.s.2 ) o/
- o Lo L3 - .. - ’ -
80°c, 2 intensifying Screens, 17.5 hn
. 11y ‘eens, -5 hrs
11) Washing cuyt:
0.5 M NaO¥ - 1.5 sio
S M Naox l.; M RaCl (Immersion: l min.)

- 3 X SSC (Immersion: ) min.)
12) Exzsosure |
Effected in = |
=+lected in the same mznner as in the a: 16)\J
. - — X ~= 08 aDove
pYe r 1 . | | ) ’
except that Sxposure time is 19 p-g ' o
20 . 13 . R - . : s T | \)
| ) Secong Pre-hybridization:
~In the same manner i . :
. | .. g.nn_- 2S in the above 7)
14)  second hybricization:
2 - 7 [ Bl od . . . .
=¥} inser-t (Prepared in the above Stap 3)
: kol .

| | §2° C, 16.5 hrs
25 o 15) Washing:

In the same manne- 2s in *he above 9y



S
according to the Maxam G | bert method [ Maxam et al, Methods 15 in
Enzynol ogy, Vol. 55, 490 (1980) published by Academ c Press]. The base !
'sequence of pR-18 deternmined in Referential Exanple 3 is conpared with that °
of PRGE as determi ned above to el ucidate $he structure, including exon and
intron, of" 20 rabbit TNF gene. The structure of pRGE DNA insert is
shown in Fig. 5. Subsequently the base sequence of pRGE is conpared with
that of PHGE to |nvest|gﬁg¢ tgeag pgy and consensus sequence around the

boundary between 'intron and exon. us, the structure, including exon and
intron, 25 of human TNF g@n@hés g&gc&Q d.oasT u human
TNF gene is shown in Fi.g. 4. 74 T%e abov@ﬁgbt%fngg Egéegéﬁgﬁeﬁéb codi ng

for rabbit TNF and human TNF gkéépber SO Heio¥e tifet sggoences,
t he upper row shows the base sequence codlﬁggfor rabﬁ?tq$NF (FS gﬂ% t he

| ower row the base sequehtk cwasipnd osutitiman TNF (H). R TCA GCT TCT CGG GCC
CTG AGT GAC AAG CCT CTA GCC CAC GTA GTA H TCA TCT TCT CGA ACC CCG AGT GAC

~ AAJJCCTSGTA GCC CAT GIT GTA RIGOMAAGMIEG e 5T4s GG R My TG CAG TGG
CTG AGC CAG CGT H' GCA AAC CCT CAA GCT GAG GGG.CAG CTC CAG TGG CTG AAC CGC -
CGG R GCG AAC GCC CTG (13 CAx#euBaC ATG AAG CTC ACG GAC AAC CAG 10 H
GCC AAT GCC CTC CTG GCC AAT GGC = GIG GAG CTG AGA GAT AAC CAG R CTG GIG GIG
CCG GCC GAC GGG CTG TAC CTC. Iﬂxﬁhﬁx?qu:mymyqywa$+tnt;Matamatecrmochxdayi

GEC CTG TAC CTC ATC TAC TCC CAG GIC
T that e\Dosure ‘time is 20 hrs.

19) Third pre-hybridization:
'.i./ 10 ' In the same maﬂnerlas in the above 7).
| ©20) Third hybridization:
3 - fragment (4.5 x 10° cpm/ml) of §R18
(prepa;ed fn_thg aboyg Ste§'4),_42°c, 15 hr.
21): Washing: | |
is _ In the same manner as.in the above 9).
22) Exposure: )

In the same marner as in the above 10).

-3
o)
)
H
(1]
tn
c
=t
et
n
(o]
M

the restriction enzyme anzivsis are shown

20l
Step 12
- (Restriction enzyme analysis of PRGE plasmié DNA)
- In substantially the samé'mannef as in the above Step 11;
the resﬁriction.enzyme analysis of pRGE plasmid DNA'presa*ed
25 _ in the above Step 10 is e;:ecued, except that pRGE plasmld

DNA.-lS used instead of pHGE plasmid DNA The restriction



R‘E?t>TTC AGC GGI' CAA GEC TGC CGC TCC TAC GIG CTC CTC ACT H CTCTTC AAé

GEC CAA GEC TGC CCC TCC ACC CAT GIG CTC CTC ACC R CAC ACT GIC AGC CcC TTC
GCC GIC TCC TAC CCG AAC AAG GIC AAC H CAC ACC ATC AGC CGC ATC GCC GTG JCC
AAC 15 C CTC TCT GCC ATC AAG AGC CCC TGC CAC '

C R

; CTC CTC TCT GCC ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA

{ GAG R GAG GCT GAG CCC ATG GCC TGG TAC. GAG CCC ATC TAC CTG GGBC GGC H GGG GCT
i GAG CCC AAG Craplg® PREZGBEACGRsATE BAtaChesCos Ehow GRCFLEC GAG TTG GAG
AAG GGT GAC C GG CTC AGC ACC GAG GIC AAC H GIC TTC CAG CTG GAG AAG GGT GAC
CGA CTC AGC GCT GAG ATC AAT 20 R CAG CCT GAG TAC CTG GAC CTT GCC GAG.
TCC GGG CAG GIC TAC TTT H CGG CCC GAC TAT CTC GAC TTT GCC GAG TCT GGG CAG
GTC TAC TTT R GGG ATC ATT GCSt€pGla GGG ATC ATT GCC CTG Not e: ~ the
“synbol. . ..." means that this portion in the base sequence of the DNA coding
for rabbit TNF is null and, (Degesmdnat iono ofodharse secaeantest oft mabbiynbol

at its _both sides are directly connected. N 75 Step 14 (Synthesis of

i god@oxynucl eoti des) To a |ﬁP@§sa§§e@Pm5@0F@Frpenﬁéact|on vessel with’

stainless steel fl|t% s at .each end is added 20 ng of a: olgﬁ styrene.
resin to which a ned é&éP&éa(}VbtﬁngFPel?r@Gﬁﬁgéﬁédaﬁléﬂat céPﬁH

| i nkage. The reS|n is treated with zinc brom de _
9 St 2 "are repeated, . evce:t Lhat E. coli K12 strain JM83

(pHGE) obtalned in the above Step 9 and E. coli K12 strain
JIM83 (pRC?) obt a;ned ;n_the_above Step 10 are used instead .
10 of E. coli K12 strain MC1061. Ha'ving pB2~7 and E. coli K12° o
| strain MCl061 having QRLB. Thus, lSOAPg'of each of DRGE
plasmid DNA and pHGE plasmid DNA is pb:éined.
$he base.seguénces of pRGE_aqé pHCE ére'deﬁermined
acéording t& the Maxam-Gilbe:t method'[Maxam et'al, Methods -
15 in Enzymology, Voi..SS,“490 (1580) oublished bv 2Academic
| Press]. -
Tbe;basé'sequenCe of pR-18 determined in Referential -
_.Exampie 3 is compared'with that of pRGE'aé determined abszi
to elucidate the strué;ure, inclﬁding-exon énd_ihtron, of - \;).
20 rabbit INF gene. The structure of PRGE DNA insert is shown
in Fig. 5. Subseguently, the base sequence of pRGE
is compared wi;h that of.pHGEjto-invéstigate the homology
and consensus sequence. around the boundary between'ingron
and exon. Thﬁs, the stfucture,-including exon and intron,
25 of human_?NF.gene is'.elucidated."Thenéﬁruéture of human

TNF gene is shown in Fig. 4.



(1'M in dichloronethane isopropanol (85:15) to renove the dimethoxytrityl

. (DMT) protecting group, washed with di nethyl- formam de, pyridine, and
‘acetonitrile, and dried with a streamof nitrogen. To the dr|ed reS|n is

added’ a sol ution of DMI-nucleotide (20 [err]) and

mesi tyl enesul fonylnitrotriazole (60 [err]) in 200 [err] pyridine. The
coupling reaction is allowed to procee at [err] for 20 mnutes. This
cycl e of deprotection and coupling is repeated for successive nucleotides
until 15 t he desired ollgodeoxynugleotlde S assenbl ed on the:

resin, The resinThe tbevelodadhed0 H wedunmcd icorderx mucragbide Tyr

- therefrom and purified as described by Ito, Ike, Ikuta, and Itakura (Nuc.

Ac. Res. 10: 3#35hQkB2)INF Wi, BehesHod ®Mlgy Ol igpdeexhasdl eelndpsesar e
obt ai ned. 20 1) 5' - - AATTCATGICATCTTCTCGAACCCCGAGIGACAA- 3" 2)

3" - GTACAGT GAAGAGU P e o WCARLWET EHe BasP) sequence coding for rabbit TNF
' - GCCTGTAGCCCATGI TGTAGCAAACCCTCAAGC- 3" 4)

.3a!ACATCEEEWAGAA@AECGHETGGG&GTT@G#GTESbaﬁi sequence coding forShemahs

r.structioon of ML3np9- HGE cont ai ni ng the human m ni gene for TNF) 76
Pl asnfbd pHGETNEO[(@r.]) is digested with EcoRI (20 units). After
el ectrophoresis on a 1 % Ilownelting agarose gel, the 2.9 kb fragment is .
eluted. Thig fgagngey réri asg! tee choaBgoRhcf hagmeptr EraMcEBecheptrsattye
formof M3nmmO 9cA Tcphage. cGXhachlagpdapiragac mscsetected Becaoke GTTi€TA
especial - |y suited for receiving sections of DNA. The product trans-

R 'GCA AAC CCG CAA GTG GAG GGC CAG.CTC CAG TGG CTG AGC CAG CGT
H GCA AAC CCT CAR GCT GAG GGG CAG CTC CAG TGG CTG AAC CGT CGG

N

R GCG AAC GCC CTG CTG CGC AAC GC ATG AAG CTC ‘ACG GAC AAC CAG
10 H

GCC AAT GCC CTC CTG GCC AAT GGC GTG GAG CTG AGA GAT AAC CAG

CTG GTG GTG CCG GCC GAC GGG CTG TAC CTC ATC TAC TCC CAG GTT
CTG GTG GTG CCA TCA GAG GGC CTG TAC CTC ATC TAC TCC CAG GTC

e

CTC TTC AGC GGT CaA GGC TGC CGL..TCC. --- TAC GTG CTC CTC ACT
CTC TTC AAG GGC CAA GGC TGC CCC TCC ACC CAT GTG CTC CTC ACC

fe g2

CAC ACT GTC AGC CGC TTC
CAC ACC ATC AGC CGC ATC

el
217

CC GTC TCC TAC CCG AAC AAG GTC AAC
CC GTC TCC TAC CAG ACC AAG GTC AAC
CTC CTC TCT_GCC ATC AAG AGC CCC TGC CAC CGG GAG ACC CCC G%G
CTC CTC TCT GCC ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GaG

o

G3G GCT GAG CCC ATG GCC TGG TAC. G3G CCC ATC. TAC CTG GGC GGC
G3G GCT GAG GCC AAG CCC TGG TAT GaG CCC ATC TAT CTG GGA GGG

(

W R GIC TTC CAG TTG GAG AAG GGT GAC CGG CTC AGC ACC GAG GTC AAC
o H GTC TTC CAG CTG GAG AAG GGT GAC CGA CTC AGC GCT GAG ATC RAT

CAG CCT. GAG TAC CTG GAC CTT GCC GAG TCC GGG CAG GTC TAC TTIT

20 C
CGG CCC GAC TAT CTC GAC TTT GCC GAG TCT GGG CAG GTC TAC TIT

fo o |

GGG ATC ATT GCC CTG
GGG ATC ATT GCC CTG

oo

Note: = the symbol "..." means that this po rtion in the base
sequence of the DNA coding for rabbit TNF is -null
and, therefore, two codons adjacent to this symbol

at its both sides are directly connected.



fects .to E. coli JMIO3 [BRL (Bethesda Research Laboratories, Inc., U S A)
User - Manual / ML3np7 C oni ng/ ' Di deoxy' sequencing, 1980]. The product 1is .
designated ML3np9-HGE. 10 Step 16 Deletion of Intron 3, using. ML3nPINGEHGE ,
signcl e strand DNA and Del eter E3- The single straind DNA.of ML3np9-HGE is *
prepared by 15 the nethod of BRL User Manual / ML3np7 cl oni ng/' Di deoxy' *-
‘'sequenci ng, .1980. 4 i godeoswgwic] goti de 4) o : _
3' - ACATCGGGTACAACATCGTITTGGAGI TCGACT-5' . prepared” in Step 14 is. used as a . .
deleter for the intron 3. (She:kes o ess fOLitbeedRynooldotscdesi gnat ed
"E3-4".-20 The deleter E3-4 has a base sequence which is -
conpl enentary t ofe he $sasin l=sgienceebf S00qudbaseschiboreesExdnwithand after
(Exon 4) the intron 3 which is to be deléted. Deletion of the intron 3 is
ef fected, istateirsmrmteesd tHilte-s catheagh otndulisacedéecaR) 8gi edce poly-
209: 1396 (1980), as follows. 25 . - E3-4(164 ng, 15 pnole) is
~ phospBor y| a$e¥FeRe e SR Khakichn Wlﬁgmeaﬁ&ad;!éh tis t pennenpedt ¥ia
- ML3np9-HGE (1.65 [err] 0.5 pnole).. The reaction mXture,is _ 77 heated at
[err] , coofetFTRYn kigHRF At urBhe oF e SR Rk eSTeaR8f YAED FipsoPE@MLAS ce
wat er. To dATP, .dCTP, dGIP, dTTP and ATP (0. 4. _is_added Kl enow
fragnent (5%?‘93)%“ T&’r‘?*@’a%‘?ﬁ‘éh%?t§§°§gﬁ°%ﬂgm§?f’éis'?vﬁﬂ LETO¥E &P Nuc.
?ﬁNIReSf 9’d§methoxyé¥¥g§f1?§&%}’pggtggggﬁésgggkggptgzhg ’w%tgwh’%ngqund

[

formamide, pyridine, and acetonitrile, and dried with a stream

10 of nitrogen. To the ¢éried resin 'jg added a2 solution of U/
DMT-nucleotide (20 pM) and mesitylenesulZonylnitrotriazole
(60 pM) in 200 pl pyridirne. The coupling reaction is allowed

- to proceed at 45°C for 20 minutes. This cvcle of deprotection
and coupling is' repeatad for successive nucleotides until
15 =  the éd=2zirasd oligodeoxynucleotide is = a28sembled on

' the ra2sin. The resin is then treated to remove the

o -

licodeoxvnuclieotide thersfrom and purified as described by .

Ito, Ike, Ikuta, and Itakura (Nuc. Ac. Res. 10:1755 (1982)). s

20, 1) 5'-AATTCATGTCATCTTCTCGAACCCCGAGTGACAR~3' .
2) 3'-GTACAGTAGARGAGCTTGGGGCTCACTGTTCGG5"
3) 5'-GCCTGTAGCCCATGTTGTAGCAAACCCTCAAGC-3'

'4) 3'-ACATCGGGTACAACATCGTTTGGGAGTTCGACT-5"

25 Step 15
' (Construction of Ml3mp9-HGE containing the

human minigene for TNF)



d
/

[erri-nercaptoethanol. The reaction mxture (ffnal volunme 50 [err]) is
incubated for 30 minutes at [err]. and then for 30 mnutes at room _
tenperature. The DNA fromthe oligonucl eotide-prinmed reaction is used to
transfett -E. coli JMLO3 in accordance with the 10 . procedure of BRL
User Manual /M 3np7 cloni ng/' Di deoxy'7ésequenci ng, 1980. Pl aques obtained in
this way are picked to YT plates [J.H Mller, p. 433, Experinents in

Mol ecul ar CGenetics, Cald SpLj&% Har bor , Labaoratory. (191%%].- The col oni es
obt ai ned are hybP*@isFed RG50CE $9)2 hHurd IRsTFY &riPISaF R8dueits) - For
15 - thigusgep,-th del eter. is use& as.a prohe to idqptity.s guences of
DNA havi ng tHe S0t ESFIRRNT SSoifp PomBnttarty IOXS@eddhieh & 2HA55 Sehe thEron
has been delgted., Phage are.isaql,ated from.thase col gni es which hybridize
with the del‘e’tgg?".:’ & &S t ARt e&ﬁé‘&%'ar %saﬁﬁggﬁd’q;pl aﬁué‘sf’sa‘rré"eéi cked to
YT 20 10 Ll HeOPeE1882R0Y 0L oz Bl MIBhbof OF 2
hours w th -[iglrﬁ %%”&er%?_ 3- 4.ﬁ‘r°%'o§ i vegcl oﬁes_ are oglt alknglg%lha t he
phage DNA i s;:sequencel 40 RGlLUnddioses Phage d ML d Y 1HaN 53 b pecial -
conpl etely del et ed. One sﬁ?h p’hnage igsdre%gggnat ed np9- _H_GE[ler rl] 3P clal78
Step 17 (Consg rdipitd N @fr BT @ Nedionth@ £ @A Catinee FYaief trans-
np9-[err]-1 is digested with EcoRI. The EcoRl fragnent is isolated and

cloned to 5 fect£cald -m emmad NHRP 730, VisRldhddm s xbphiEEarrbried,
Construction of furthér plasmd is carried out using plasmd pHGE [err]
3-1 in orderidm. olit.ad /A udisqd asmukA3mF Llamind/'Diceoxy' seguencing,

1980}. The product 1is designated M13mpS-HGE.

o
Step 16
(D2ietion of Intrson 3, ucﬁng_Mlgmps-HGE
single strand DNA andé Delster Z3-4§)
The single strand DNA of M13mpS-EGE is ;:épg;eé by
15 the methoé of BRL User Manuzl/Ml3rp7 cloning/ 'Dideory' sequencing, 1530.-
Oligodeoxynucleotide 4y
O 3' ~ACATCGGGTACAACATCGTTTGGGAGTTCGACT-5"
) prepared in Step 14 is. usad &s a deleter fd; the intron 3.
\_/ . The deleter.fqr the intron 3 is designated “23-43._
20 The deleter E3-4 has a2 base saguence which is complementary
to the base seguence of the bases before (Ixcn 3). and after
(Exon 4) the intron 3 which is to be deleted. _Déletiqn of
the inztson 3 is effectad,lin accoréance with the teazching
of Wallace et a1, Science 209:1396 (1980), as follows.
25 E3-4(164 ng, 15 pmole) is phosdhorylated uéing Té

kinase and ATP (3mM) and added to the template M13mp9-HGE

(1.65 pg, 0.5 pmole). The reaction mixture is



directly express TNF in E.coli using lac UV5 as a pronoter. The
procedures are illustratively shown in Fig. 7. First, 10 10 [err] of
plasmd pHGE [err] 3-1 is digested with 10 units of Aval and EcoRl .
(manufactured and sol d by Bethesda Rgsearch Laboratories, Inc., U S. A )wht
37C for two hours-and el ectro- phoresed on a 4 % by weicht polyacrvl am de
gel to iBeated itagheqats.codimd tb [won tEmgergrmrd for i Saohadwkd fomthe 15
gel by electroelution. |In the same manner as in Step 14, two
oli godeoxmmueiﬂmiﬁeeoeh@ammnéEégwag%ggmcggﬁa G§$géA $gr'§,
AATTCATGTCTCTCTTCTCGAACC- 3" and 5" -T T ( ‘oare _
synt hesi 488P ménATRach- 4 n¥dd 48 eddednElenoyodomgmentud]Seanidey ,( @hout
100 prnol e) is phosphorylated using T4 20 ~  polynucl eoti de kinase in

accor danéegwseh(meuarbZﬁbdlaeMni gééfieﬁ Feddaae et L, pgs B22. RABLed;

- conpletign of the.reaction, the reaction mxture is extracted w th phenol
ahd t hen38A7 h (&RED} bt of b RUTREA St RE1sdPEbi/aizled Syt MEElx @nidgdmiérs are
m xed with 0.5 of the preyiously qbtained Aval-FcOR fragment from

pl asni d ©&er Ca?ggﬁﬁ’fﬁ?f} 3?¥eaﬁﬁa&ﬁgﬁolﬂ'_"" Ci%pi tned. voriEge SOr #direhs s
are ligated at [err] oyernight using uni of T4 ligase. i.n accordance
with the"BFb@%d%gegéésgﬁi Bég“%ﬁ.-u er“?a)?:ulaé‘ %h,en_f% B%a&ng:-ﬁ_es Aft Epom d.

- conpl eti@p.., he_reachignngthe m xture | ol .arecipitated, -foll owe

by el ect reg'ﬁﬁéfé‘élségéff%}@? egnén%é% Bfo“bey o\%éigglrﬂbacr&ot%oytg‘careyl am'ae -g&f 6 °n

br ocedur 6°deser bodt FRRREERE) B BALL 103, dn accdb AR SAISE clg 1 1S

YOP95- 155 §cREEPAT 88 BRL User Manual/M13mp7 cloning/'Dideoxy' o

seguencing, 1980. Plaques obtained in this way are picked to o S

plates [J.H. Miller, p. 433, Experiments in Moleculzr Genetics,

32

are hybridized at 55°C for 2 hours with ““P-labelled E3-4. For

15 this step, t_he'del_e't'er is used as a pr_obe. to identify seguences
of DNA having the corresponding complementary _bas.'e sequence
after the intron has been deleted. Phage are isolate&‘from
those colonieés which hyb:idize with’the'éeléﬁer. )

The resultant bhagelare platéd-and'plaques are picked to YT

20 ' '

plates. The clones are". allowed to hybridize at 559C for 2 hours W/
with 32p-1apelled _E.:3:-4'-." Posi;tiv'e clones ar_e-'obtaihéd and the
"phage DHA is sequencaed to select those phage in which intron 3
-+ is coﬁpleteiy deleted. One such phage is designated'mp§-BGEZ3

. 3-1.



ye

One’[err] of pOP 95-15 is digested with EcoRI and extracted wi th phenol and
then with chloroform followed by ethanol precipitation to obtain a vector.
Using T4 DNA ligase, 0.5 [err] 10 of the obtained vector is ligated

- Wi th tHe above-obtained fragnent.- In accordance with the procedure
described in Literature (4), page 20/8E. coli JMLOL1 (ATCC 33876) is
transfornmed using the above-$tmmilk¥ed vector and cultivated on an agar
medi um containing -1 nmM of IPTG and 15 _ 0.004 wv %x-gal to
obtain about 100 white col drferstmgisiamC DPHTEF ptapl¥Y2a2brom t hese
transformants and digested with EcoRl to jdentify_ those fplasm ds_containing
the intended EcoRIThY afaphicatine orkRy™ tcb% é&%ﬁﬁ%%“%ﬂ'é di*fe ’r?ﬁstﬁdo
insertion, those plasnids are di ted with 1, an st1_and 20
el ect r ophor es®¥YtBAESCRI 5 (’/ﬁb‘?/ Eﬂ?Pgitfe?g%f?eo%%Péé ‘t%og%?%%ta’b‘f‘]a%fﬁ. to
yi el di ng fraggen of about base | LS, se pairs
indicatgng'thgggéiépiﬁ?%ﬁﬁi% t??ﬂ%égién$€%d%f£%#%§ﬁ%@aigg %rghnter S
in reement with £ igﬁgggéy { d CRLH ;. 80
Ba'slgsequence anal ?@i“%ﬁ%&%&fhﬁ t hese 2%%ﬁ%sq%avg%ﬂgeég&n%gswgﬁunegnce

and that the LagshMd PEOEDAORL) {dCoSyd hesig8eadhi geeRopYaLei@atI-deaninaill

DNA are properly conbined with each other. The obtained plasmd is '

desi gnat ed pHilNFebaL{MoxPreds TNF iff ECOtoLionsbhai Dgc ptilhFas as pfombtiex .

cultured in a conventional nutrient medium - Bi oassay of the product for

TNF activity Thdi pppesdwt@®siré htl basrerativelyyshbwhcinsFbpt a¥ nedFirst, a

pl asm d pTNF-1 acUV5-1 cont'aining the rabbit" -

: 10 10 e of plasmid pHGE & 3-1 is digested with 10 units of

Aval and EcoRI (manufactured and sold by'BetheSda Research
Laboratories, fnc., U;S.A,) at 37°C for ﬁwo hours aq¢'electro-_,
phoresed on a 4 % by_weight.§olyacryiamide_ge1 to isolate
fracments. About I Pg of fragment 'is isolated f;om_;he
15 gel by electroelution. In the same manner as in Step 1l4,-
two olicodeoxvnucleotides shown in'Fig. 7, namely 5'-~
AATTCATGTCATCTTCTCGRACC-3! aﬁé 5' -TCGGGGTTCGAGAAG?—.TGACATG-3 '
are synthesizeé.' Then, ez2ch 5' end of the twq oligocdeoxy-
nucleotides (about 100 pmole) is phosphorylated usipg T4
\u/'zo' polynucléotide kinase in accordance_with the method described
in Literature (3), pagé 125. _After completion of the reaction,
the reaction mixture .is extracted with phenol and_then with
chlézfofo:m.__"' Then the. ‘so-obtained synthetic oligomers are ‘mixed with
- 0.5 pg of the previcusly obtained,éyg;—ggggl £ragment from plasmid
- 25 PHGE 4 3-1 and ethanol precipitaﬁed. These fragments_are
ligated_at 4°C overnight usiﬁg 10 ﬁﬁits of T4 ligase in

accordance with the procedure described in .Literature (1),



TNF gene under control of the lac pronoter. Exanple 2 Using the plasmd
pHGE and ol i godeoxynucl eotides 1 to 4) obtained by the procedure descri bed
in Steps 1 to 14 of Exanple 1 pHTNF | acUV5-1 is prepared in accordance_mnth
‘the procedure illustrated in Fic. 6 81 The microorgani sns and the novel

pl asmi ds were placed on deposit in the Anerican Type Culture Collection in
Rockville, Maryland, U S.A on April 78, 1984 by despositing sanples of -the
m croor gani sims contalnlng the plasmds. The mcroorganismE. 5 coli k-12
strain JMB3 %EREE g elven th - ATCC a%c Sﬁlon nunber 39655.. The

m cr oor gani BA¥E 3%e| j AL EZCQTP ﬁlﬁﬂBQ (g @Efe®§§1§PveﬁhﬁhﬁlA?BEEaé§ess|on-
nunber 39656,, The.inventio e obvi ous _that

the same ma§than 95r?58c*31ﬁ§ﬁ Ing§ggi°§8§S%¥aFi§F SHggéfésﬁotefgeEGed'°Bea |

regarded as; ag e arture frogb$he c?ge of the invention, and all such

modi ficati ofis® W5%+?le9?) oExleBidfcdel skl Fegovart.icagmensrbyi nt ended
to be |nclug F 8§ scope of the follow ng clains. 82 CLAIMS:: 1. A
' man phy5|o oglca fve polypept|de having an anino acid sequence

represented by: p accordance with the procedure oescrlbed in F. Fuller,
"Gene" P 12. pp. 42-54 (1982), plasmld pOP95 -15 is prepared.
' One ug of pOP 95-15 is digested thh EcoRI and extracted
"w1th phenol and then wlth chloroforn, followed by ethanol \
precxpltatzon to obtaln a vector. . 051ng T4 DNA ligase, 0 5 ué‘)
10 "of the obtalned vector is llgated w1th the above—obtaaned
fragment. In accordance wlth the procecure oescrlbed in
"therature (4), page 20, E._colx JMlOl (ATCC 33876) is
'transformed u51ng the above—obta1ned vector and cultlvated on an
agar -medium contalnlng 1l mM :'of ' IPTG ~and
15 0. 004 w/v % x-gal to obtaln about 100 whlte colonles.
| | Plasmlds DNA is prepared from these transformants and
_dlgestea wlth EcoRI to 1dent1fy those plasmzds contalnlng the d
lntended EcoRI fragment. In order to examlne the dlrectlon of\_,
1nsertzon, those plasm;ds are dlgested with PvuII .and PstI and
zoi electrophoresed on a 1.5 % by welght agarose gel. to select
plasmids yleldlng fragments of about 1280 base pairs and about
2600 base palrs 1nd1cat1ng that the d1rectlon of transcrlptxon
of the 1ac uvs promoter zs in agreement wlth those of the |

'ollgodeoxynucleot;des coding for TNF.



Ser Ser

Ser Arg

Ala Gu dy dn

Val

Ser
Thr
Lys
Pro
Ile
Ile

Gu Leu Arg
G\ Val Leu
Ile Ser Arg
Ser Pro Cys
Ile Tyr Leu

Thr
Leu
Asp
Phe

1le

G n

Pro
dn

Asn.

Lys
Al a
Arg

Ser Asp
Trp Leu
A@n Leu
Ay A@n
Val Ser
G u Thr
y Val

Lys Pro
Asn Arg
Val Val
G Cys
Tﬁ¥)(3n
Pro Qu
Phe @ n Leu

Val
Arg Al a Asn
Pro Ser Qu
Pro Ser Thr
Thr Lys Val
Gy Ala Qu
Gu Lys Ay

Ala H's

Val
Al a
Ay
Hi s
Asn
Al a

Val
Leu
Leu
Val
Leu
Lys

Al a

Leu
Tyr
Leu
Leu
Pro
Leu

Asn Pro A n
Ala Asn Ay
Leu Ile Tyr
Leu Thr Hi's
Ser Ala lle
Trp Tyr Qu
Ser Ala Gu

Asp A
Asn Arg Pro m Hﬁqu_eme AR Itesl s\ shayr s @@t Gﬂye@ e \zallasrwosphav@ the

Ile Ala Leu wherein d n stands- for a

ut
aspartic acsame essanancerrand; thasy ithe rﬁig‘ﬂ‘és

am ne residue, :
BTAMQL a8k okt syihesdzedal a

glutam c acid resjdue,

hlon
oth T

onucl

val i ne re5|due Lys a lysine re3|du Ju a

al ani ne resPRRL °§¥ﬁYQ¥F

APt RRE VA el RS ryéé‘%g{%ﬁ;i’é’e%%i%ﬁté‘ e
Zné”oi?ﬁhi%{ifigfﬁé%ﬁ“ R AIEAT 1 o
omr &1 ng. &Yt SR, Hesne ﬁ%ﬁ%ﬁ%&xﬂ%

&5

Asp

and

Al a an

and diRE e L%ip%!rlemcq%bwsq Nich meehy

‘resi due, Ser
99¥¥%i39 Trp
ne residue,
o2 a.

Shisndot

represent edpby activity indicates almost the same activity whihc is

obtained with a plasmid_pTNF—iacUVS-l containing the rabbit

Example 2

Using the'nlasmid pHG

“TNF gene under cbntrol of the lac promoter.

obtained by the nroceaure onscrlbed in Steps

1 pHT

illuestr

E and oligodeoxynucleotides 1 to 4}

‘1 to 14 of Example

iv~-laclVvs5-1 is Drenared in accorcance w1;h the procedure

ated in Fig.- 6



TCA TCT TCT CGA ACC CCG AGI GAC AAG CCT GTA GCC CAT GIT GTA GCA AAC CCT CAA
GCT GAG GGG CAG CTC CAG TGG CTG AAC CGC CGG GCC AAT GCC CTC CTG GCC AAT GGC
GIG GAG CTG AGA GAr AAC CAG CTG GIG GIG CCA TCA GAG GGC CTG TAC CTC A%TAC
- TCC CAG GIC CTC TTC AAG GGC CAA GEC TGC CCC TCC ACC CAT GIG CTC CTC ACC CAC
“ACC ATC AGC CGC ATC GCC GTIC TCC TAC CAG ACC AAG GIC:- AAC CTC CTC TCT GCC ATC
AAG AGC CCC TGC CAG AGG GAG ACC CCA GGG GCT GAG GCC AAG CCC TGG TAT GAG
CCC ATC TAT CTG GGA GGG GIC TTC CAG GAG AAG GGI' GAC CGA CTC AGC CCT GAG

ATC AAT CGG CCC GAC TAT .CTC GAC TTT.GCC. GAG TCT GGG CAG GIC TAC TTT GGG ATC

ATT GCC CTG arrhe mhepsereahhss band aaeuaa«‘z«élt ?1%%&&@%18@%% Wi ein
A stands for a deoxyadenylic acid residue, eoxyguanylic acid residue,

C a deoxydepostit i in achel Ametilaanamgpd aunlmmedsddmasuicbﬂeﬁu%wﬂwere' n
the left end and-right - end of  the fornula (I1) represent 5" - hydroxyl. group

si de and @arml,'méxym Ysduposi MprileSpeddiddeby, dwspomiting rﬁ?bégebf the
sequence which i's obtained by substituting-at |east one base of said base -

sequence RicIReBIAR RS, wFentakninggbher pipsofidshe inetmicrosieganism B
repli.cabl e reconbi-nant DNA whi ch conprises a deoxyribonucleic acid -

accordi ngeebl ckaln Sterin éﬁ§3a(P8§chHBBe gdwene S 0 rATRM at@ession Aumber
m croorganl smor cell culture transformed with a replicable recombi nant DNA
accor di ng3#8°¢+ ai Fhe. mB“%PFrﬁ?ﬂéémf&—sﬂ&d-u&ﬂg? Stumbm Pr83i bﬂ:ﬂ@ﬁba#asy

active pol Yw?e tide which conprises:
en the A'I‘CC acce sion number 39656. _

The lnvenhxon bexng thus descrlbed, 1t w;.ll be ot'lous *hat
the same may be varied in many ways. ,Such var:.at-:.ons are not te
10 be regarded as a -d.epar'ture' from the scope of the -
~ invention, and all éﬁch.modificat’i_oné: as would be obvious to one -
'skilled“in. the art are 'intended to be included within the scope

" of the following. claims.



(f) Ilgatlng to a replicable expression vehicle a deoxyrlbonuclelc aC|d
conpri sing a base sequence coding for a human

pol ypeptide, said human physiol ogically active pon an1no
aci d sequence represented by: Ser - Ser -%Q—Arg Thr ﬂ “ﬁﬂfc Val
Ala Hs Val Val Ala Asn Pro dn Ala u dy G@n L Arg Arg

Ala Asn Ala Leu Leu Ala Asn Ay Val Gu Leu Arg Asp Asn Gln Leu Val Val Pro
Ser Qu Ay Leu Tyr Leu.lle Tyr Ser Adn Val Leu Phe Lys Ay G n Ay Cys Pro
Ser- Thr His Val Leu Leu Thr His Thr Ile Ser Arg Ile Ala val Ser Tyr A@n Thr

Lys Val Asn Ly, %Ser Als Ile Lys Ser Pro Cys Gn Arg Au Thr Pro Gu Ay
Ala du Ala *sﬁ:—e—l rp Tyr Au Pro Ile Tyr Leu Gly @y VvVal Phe @ n Leu Qu

Lys Gy Asp Arg Leu Ser Ala Gu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Ala Gu
Ser Ay G n Val, TKVhEﬂﬁnGbﬁyEHSIBgﬁcéiﬂyL§EtT@§r§bﬂy§$Bt§&@qﬂ§vf

gl utam ne residue, Asp an aspartiC acid resid Pro a proline re5|due Tyr
a tyrosine reSMARe agid sepyense F@QF&&S“tEQSb& IyS|ne residue, Qu a
glutam c acid residue, Ala an al anine residue, Asn an asparagi.ne residue,

Lou @ Lot e S oo ReB MRETHERL 80 Ran e P Vi B S ESLOY
an | sol euci ne iadsiddue Astr Pra GAppAdphahurédydaén Beg ahnaTgpnblee Assi due,
Met a methionigle gy 448 ARIATYS18uCY.8hChARE Asn Gly Vval Glu Leu Arg
| Asp Asn Gln Leu Val Val Pro Ser Glu Gly Leu Tyr Leu lle
Tyr Ser Gln Val Leu Phe Lys Gly Gln Gly Cys Pro Ser Thr
o : His Val Leu Leu Thr His Thr Ile Ser Arg lle Ala Val Ser
Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala Ile Lys Ser Pro
'Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala Lys Pro Trp
Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu'Lys
Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu.

Asp Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala
Leu '

wherein Gln stands for a glutamine residue, Asp and
aspartic acid residue, Pro a proline residue, Tyr a
tyrosihe residue, Val a valine residue, Lys a lysine
residue, Glu a glutamic acid residue, Ala an alanine
residue, Asn an‘asparagine residue, Leu a leucine
_ residue, Phe a phenylalanine residue, Gly a'glycine
N ' - residue, His
” lresidué, Thr

a histidine residue, Ser a serine

a threonine residue, 1Ile an isoleucine
residue, Trp a tryptophan residue, Arg an arginine
residue, Met a methionine residue, and Cys a cysteine

. residue.

2. A deoxyribonucleic acid coding for a polypeptide as
claimed in claim 1.

3. A deoxyribonucleic acid, comprising at least one base
sequence selected from a base sequence represented by:



residue. to obtain a replicable reconbi nant DNA COﬂpLLsLﬂg—sa+d—————— *‘

deoxyribonucleic acid and said replicable expression vehicle

transformng cells of a m croorgani sm or 14 cuIt “B"l ﬂiﬂﬂlecQ‘}é
reconmbi nant DNA to formtransformants; (C selectl nts
from parent cells of the mcroorganismor cell culture (d) incubating

sai d transformants, causing said transfornants to express said
deoxyri bonucl ei c acid and produce a human physiol ogically active

pol ypept i de; TGAdTER) TFEoTRA | MEC CCRIALT GG G SGTA dHf€ LAT GTTact i ve
pol ypepti de &@R%&REAA@Céé?tGHAté@f‘Sé&E '@G&%Ad cTC cXs MERTTG Aac

phyS|oIog|cagﬁé active poI %£ de as cl ai ned Claim 1, obtalned by
r econbi nant CEENATGUAL C CTC 1§k < o‘b‘?ﬁa‘?ﬁ%rﬁ@ ‘E‘%ﬁ CIG #SAtrain
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and a complementary base sequence to said base
sequence _ _
wherein A stands for a deoxyadenylic acid re51due, G a
deoxyguanylic acid residue, C a deoxycytldyllc acid
residue and T a thymidylic acid residue and wherein the
left end and right end of the formula (II) represent 5'-
hydroxyl group side and 3'-hydroxyl group side, .
respectively, or comprising a base.sequence'which is
- obtained by substituting at least one base of said base
sequence in accordance with the degeneracy of the genetic
code. '

-4.. A replicable recombinant DNA which comprises a -/
deoxyr1bonuc1e1c acid according to c1a1m 20r 3and a
.repllcable expression vehicle.

5. A mlcroorganlsm or cell culture transformed w1th a
repllcable recombinant DNA according to claim 4.

6. A method for producing a human physiologically active
polypeptide Whlch comprises: . '

(a) llgat1ng to a replicable express1on vehlcle a
deoxyribonucleic acid comprising a base sequence coding
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for a hunan phy51ologxca11y active polypeptide,
said human physlologlcally active polypeptide havxng
an amino acid sequence represented by: '

Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
val Ala Asn Pro Gln Ala Glu Gly Gln Leu Glan Trp Leu Asn
Arg Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg
Asp Asn Gln Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile
Tyr Ser Gln Val Leu Phe Lys Gly Gln Gly Cys Pro Ser Thr
His Val Leu heu Thr His Thr Ile Ser Akg Ile Ala Val Ser
Tyr Gln Thr Lys Val Asn Leu Leu Ser Als Ile Lys Ser Pro
Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala Lys Pro Trp
Tyr Glu Pro Ile Tyr'Leu Gly Gly Val Phejéln Leu Glu Lys
Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr'Leu
Asp Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile lle Ala
Leu ' '
wherein Gln staﬁds_for a glutamine residue, Asp an
" aspartic acid residue, Pro a proline residue, Tyr a
tyrosine residue, Val a valine residue, Lys a lysine
residue, Glu a glutamic acid residue, Ala an alanine
residue, Asn an asparagine residue, Leu a leucine
residue, Phe a phenylalanihe residue, Gly a glycine
residue, His a histidine residue, Ser a serine
residue, Thr a threonine residue, Ile an isoleucine
residue, Trp a tryptophan residue, Arg an arginine
residue, Met a methionine residue, and Cys a cysteine
residue. '
to obtain a replicabie,recombinant DNA comprising said
debxyribonucleic acid and said replicable expression
vehlcle, |
(b) transforming cells of a mlcroorganlsm or cell
culture with said replicable recombinant DNA to form
transformants;
| (c) selecting said'transfofmantsffrom parent cells of

the microorganism or cell culture;
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(d) incubating said~ transformants, causing said
'transformahts'fb'express_said_déoXYriboan1éic.aéid.and'produce
a human physfologica11y acfive pélypeptgde; and

(e) isolating séid_ human physiologically actiQe

‘polypeptide from the incubated transformants.

7. " A human physiologically active polypeptide as claimed ih

Claim 1, bbtaihed'by'recombinant DNA techniques.

-

8.  The microorganism E. coli k-12 strain JM83 (pHGE). W,
9. The plasmid pHGE.
10. A process = for preparing a physiologically _activé;

po]ypeptideﬁWhiCh,comprises_CUltivating a microorganism or cell
culture transformed with the deoxyribonucleic acid according to -

Claim 2 or 3, and recovering said polypeptide.

11, A polypeptide having an,amino'acid sequence which is a
variant of the'Sequénce definéd in Claim 1, éaid variant having

human tumor necrosis activity.

12, ‘The use of polypeptide according to Claim 1, 7 or 11 for

manufacture of .a medicament having anti—tumor activity.

13. A pharmaceutiqa1 compbsition cohprising a,polypeptide as

claimed in Claim 1, 7 or 11 and at least one pharmaceutically

acceptable diluent or excipient.
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