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PCT/ CA96/ 00174 GENE EXPRESSI ON I N NMAMVALI'AN CELLS

This invention relates to the expression of genes in manmal i an cel | s,
particularly genes responsible for - jproteins whose biological activity
in vivo is affected by a 5 diversity of factors including specific

gl ycosyl ati on. Exanpl es of such genes are the human [err]-interferon
(IFFN[err]), human eryt hropoietin (EPO, human chorioni ¢ gonadotropin,
vari ous bt her cytokGassFaediggodehitacandsDaposgklioasFilm Epemihgc viral
antigens such as Dengue viral proteins whose 10 structure may be rel evant
for the devel opnent of vaePPegédus Employingy dieo$simg genes have been
extensively expressed in manmal i an cell lines, particularly in nmutant
Chi nese” Hanster Ovary (CHO cells deficient in the dihydrofolate

reduct ase gene dhfr% as devised by the nethod of Urlaub et 15 al, PNAS USA
77, 4216-4 N essi on systens have been used.

Many vectors for t he expreSS|on of genes in such cells are therefore
avai | abl%. t ection procedures used to isolate cells
transf or ned ? t he exRr. ssrgn yegrors ae % n ﬁ 81Lchotrexate to
20 select for trans B?nﬁﬁ?g &ﬁlgﬁ B8t F% aRfr and ? 8 Farget genes

are coanpl i £igg. forming apgasafétlyagans, g4l ¢B.8948! gav§eL.S kR Wi thstand
particular, the present invention relates to a gas-
N feeding device which is suitable for feeding an
i0 organometallic compound-containing starting gas or the
like in a thin-film deposition apparatus by the
chemical vapor deposition (CVD) method.

Related Background Art

Chemical vapor deposition method using an
15 organometallic compound is employed widely for
deposition of a metal thin-film or a semiconductor
thin-film of III1 - V groups. The widely used
organometallic starting materials, trimethylgallium
(TMG) and trimethylaluminum (TMA), are liquid at room
20 temperature. By flow of a carrier gas like argon
introduced through a tube inserted into the liquid
organometallic compound, the liquid organometallic
compound is transported in a vapor state to a reaction

vessel constituting a space for forming the deposited

25 film.

Fig. 7 illustrates a conventional gas feeding




met hotrexate, is usually incorporated in the vector with t he gene whose
expression is desired. Selection of cells 25 under increasing
concentrations of methotrexate is then performed. This leads to
anplification of the nunber .of dhfr genes present in each cell of the
popul ation, as cells wi th hi gher coBy-nunbers withstand greater
concentrations of nmethotrexate. As the dhfr gene is anplified, the copy
30 nunber of the gene of interest increases concomtantly with t he copy
nunber of the dhfr gene, so that increased expression of the gene of

i nt erest! i sda¥hrey&ar transporyingr eugacel(p, stpeséngngrsfli ed genes have
been reported to be variably unstable in the absence of 35 conti nued
sel ection (9CRFARRBING ap; groapRaftaldic sempound. 588> 1988). This

| nstabidi Yok SahOEkel 160 chlSoBRESENLY srored! 3k 8P15oE1R BR8i " System
PCT/ CA967 00174 , . . A For many years,
sever al pro%étgrgeﬁg&élgegﬁnagégefol' érF$€r€ﬁ§ 8§8rgs§P8R & the t ar get
genes such gsgbfiei SVown 88" b¥bB1eEPLAko kR. ¢YNusar khrBugioker and the

metal pipe 41 inserted into the organometallic
compound 2. The organometallic compound brought into
the bubbles in a saturated wvapor state is transported
~as the starting gas 7 to a reaction vessel (not shown)

10 through a pipe 42 which is not inserted into the
liguid. For example, with an inserted pipe 41 having
a diameter of 1/4 inch and at a"dérrief gas flow rate
of from 1 to 100 sccm, an ofganometallic compound such
as TMG and TMA can be transported in an amount

15 corresponding to the saturated vapor pressure in the
carrier gas outgoing from the outlet pipe 42.

However, for improving productivity, namely
for constituting a deposition-film-forming apparatus
which is capable of depositing a thin film on a

20 plurality of substrates at the same time, a large
amount of starting gas is required correspondingly.
If a large flow raté of the carrier gas, as much as
from 1 to 10 1/min, is introduced through one metal
pipe 41 as shown in Fig. 7, the organometallic

o5 compound will not be saturated sufficiently in the

bubbles, so that the quantity of the transported

a



yronoter. The CW and SRa pronpters are clainmed to be the 5 strongest

(Wenger et al, Anal. Biochem 221, 416-418, 1994) . In one
report, the [err]-interferon pronoter has al so been used to drive the
expression of the [err]-interferon geng in the nutant CHO dhfr cells

(US- A-5376567). In this system 10 hoWwever, the selected CHO dhfr cells
had to be superi nduced by the nethod of Tan et al (Tan et al, PNAS
USA 67, 464-471, 1970; Tan et al, US-A-3773924) to effect a hi gher | evel

of [err]ringfghhbRBtRi2IHCELRBouhd 1S A¥E! BBLEme 181g8LT bGaRA! aRET CENt age
of the superinduced [er]-interferon 15 produced by the CHO dhfr cells was

not glycosyhahegner rate ofhNen8DH&SriBFaghal hi oAcpaArgesa16#\ T Eprpr onot er
has al so been used for the expression of [err]|-interferon genes in

CHO cel T's, &8HRiaodukT&rgatsenecalllsc(Bonpeund ahelB8BbDesgformeBes. 37, 4,
482-485). However, the expression of [err]- 20 interferon with this
pronoter wayntheamegaddpapet 42 B¥dOmes darge pnosbeer cauifigcel | s.
Further, [err]-interferon expression fromthese cells nediated by the
MMl prenotenlsatien pliddéppherggdhgagyfieval or Heagp gEtzPmeare however
extrenely toxic to the cells and this systemwas therefore 25 abandoned.

| nst ead, ReP8¢/efhg| bubRdeshBayreruff £© Joipxppresesner $9sfermi A
conj unction 'tg t he svg earlg _g&onnteé ReiseL et al, Drug Res. 37,4,
482-485 (10899ULRR 5a5 £ROR. BBY830B} CRor BREARRE FPeFRP- PRAPCPERSN | n CHO
dhfr cells gerived:ay thg net hog _of Urlagb et.%h g1989é1 30 Ve
'giéf nOM/exgégggea et FEYTHt BPFEPBR i n"QF 1 GZBYB2 cBPft8r Wid-type

m | t ted,w,th i SLE 1-i f
under the dorer of fopedihguilh' Snlu RibRater, FRE FaRE P dameRaty
”Eta"Oth'§&§£ﬂ R%?”Bﬁ?ﬁ e at (YBY18MIL)+o2,PEQ gﬁﬂ& ygeLclgncont rol of
pronmot &0 357 capabf e 0 %r|V|ng expression of The " Meo gené’1'n"both

E. coli and ppgpeligin6el! fo2R9c8 QUERBuELAELLHN POELT9RBCin non-

proportionality of the amount of the transported
organometallic compound to the amount of the carrier
gas rate.

15 Accordingly, for transportation in a high flow
rate, use of a plurality of containers for the
organometallic compound may be considered. For
example, for a required amount of the carrier gas of
from 1 to 10 l/min, 10 to 100 containers are required

20 on the assumption that 100 cc/min of the carrier gas
can be introduced per container. In such a case,
problems may be involved of size increase of the
apparatus, rise of the cost, and complication in
maintenance.

25 On the other hand, Japanese Patent Laid-open

Application No. sho-62-33769 discloses perforation of



having its own pronoter. Transfected cells capable of WO

96/ 30531 PCT/ CA96/ 00174

- 3- expressing [err]-interferon were selected by first exposing

cells to geneticin (antiobiotic G418L_Q€d thus elinmnating cells

| acki ng the neo gene and then exposing the surviving cells to

I ncreasing concentrations of a heavy netal ion. ° 5 The heavy net al

i on enhanced the MSV-nmMIl pronoter for the [err]-interferon gene, thus

i ncreasing Lephuhpedt & %roq'és at CHY 65 Y¥ e My dlia! il so
I nduced the human met al | ot hi onei n gene pronoter, causing expression of

hunman Mk bet kifFeeitivel o Wi bR neXdl 10 i dbPURT iy idie 10

cells against_the toxic effect of the heavy netal ion. The presence of
t he heavy nmibal viierosityr ethchhats (M8 e mats cannatoliwayd ksel ection of cells
whi ch had the transfecting vector, or at least the [err]-interferon
gene and t hefifecdrive foreteal lcotdsinmmes talgeive cowbaund hawise et ihdglpr onot er s,
15 integrated into their genone. The sel ected cells that had been
successfaul | yiscosgfansfected expressed [err]-interferon. Expression was

surprisingly |nproved when the cells were cultured in the
Japanese Patent Laid-open Application No. sho-

62-207870 discloses installation of an ultrasonic wave
generator having a magnetostriction oscillator onto an
organic metal container. In an example thereof, a

10 metal pipe for introducing a carrier gas is inserted
into a gas phase. However, generation of mist by
ultrasonic effect cannot be expected because a gas
which causeé cavitation is generally contained little.
Although the description is found in the patent

15 publication that the metal pipe for the carrier
introduction may be inserted into the organometallic
compound, sufficient cavitation effect cannot be
expected in viscous organometallic compounds because
bubbles are not readily generated at a high flow rate

20 of a carrier gas as mentioned above.

Further, for the case of organometallic
compounds having a low viscosity like TMG, the above-
cited Japanese Patent Laid-open Application No. sho-62-
207870 shows a method for transporting TMG effectively
at a high flow rate. This method, however, is not so

25
effective for organometallic compounds like DMAH



‘presence of Zn[err]. The [err]-interferon had inproved 20 properties, in
particul ar a higher bioavailability, than prior [err]-interferon.

These findings have general applicability. Accordi ngly, the present

i nventi on provides: a nucleic acid vector conprising: 25 (i) a
codi ng sequence which encodes a proteié of I nterest and which
Is operably linked to a pronoter capable of directing
expression of the codi ng sequence in a manmalian cell in the

presence; of yaN6RYYa T J1Ubosdky (i ithis is dddduile 3R Gt mar ker

sequence whi ch conprises a netallothionein gene and which is
operably |inkecddren H dmiidudiidl @ dfcarrier gas for ddratdd igh expressi on

of the netall othionein gene in a mammlian cell in the
presencé of of hemute8hubbles in theetadgdmmetaidic cdmpdund. a second
sel ect abl e marker sequence which _ conprises a neo gene and
whi ch i s operably |iJdgahese Patent LaNd-98/3033%plication No. sho-

PCT/ CA96/ 00174 - 4- _

5 60-131973 discloses a method for vaporizing a liquid
organometallic compound by bubbling of a gas in such a
manner that the gas is ejected through a bubble-
forming device having a plurality of gas-ejecting
holes at the tip of the gas ejection portion. Even

10 with this method, however, there may be caused
instability of feed of the gaseous organometallic
compound in vaporization of a large amount of the
organometaliic compound for rapid formation of a
"deposition film because bubbles of the introduced

15 large amount of gas combine mutually to form larger
bubbles and splash out of the liquid organometallic
compound caused by bursting of the larger bubbles, and
of the resulting accumulation of the liquid in a feed
pipe.

20 As discussed above, there has been no
satisfactory gas feeding device for feeding a large

amount of a starting gas employing an organometallic

compound having a high viscosity.

SUMMARY OF THE INVENTION

25 .
An object of the present invention is to



to a pronoter capable of directing expression of t he neo gene

in a mammalian cell; manmal i an cell s whi ch harbour a nucleic acid
seqguence conprising: 5 (1) a codi ng sequence which
encodes a protein of i nterest and which is operably
linked to a pr onot er éapable of di recting expression of
the coding sequence in a mamalian cell in t he presence
of a heavy netal ion; 10 (i) a first selectable mar ker sequence

whi t.hi d .whi ch
|s|gperably PFRrdde: 8 gaﬁrgﬁﬁgses gﬁ%ﬁ%% SPd 5%88Bs9%26n? llm'd:(r:ecting
expressi on O%o%ﬂ?ngeggkggéthnﬁhQGh do not 2 1pgelve aggﬁgah@ gtgggnallan

cell in the presence nme ptionally

(iii) - a sggogdzaekpetabke G%rK%% %%9%%3Qﬁswﬁhﬁhare capable of
conprises a neo gene and which is operably linked to a

pronot er ‘capébhfispbréingChi N8rge amount of start@KB’ §&& ewedf wiik® neo gene
in a mammlian 20 cell; a process for producing such.

cells, m@lchVEQGGQQSOrganometaaanbi&empounds. (a) transfecting manmalian
cells with a vector of the I nvention; 25 (b) exposing
the transfected cel | Anbthgenebiject bdf the present inekenmtioat dst hter eby cells
| acki ng the neo gene; and (c) exposing the cells that survive step
(a) to provide prggsefepddng deyvicesend eodepnsiitiponsidin-a
heavy netal ion to select thereby the desired 30 cells. -
use of a neofgeméngn@prawstus| whiicbndsncgpablesof transpordliogt &l e narker
genes in a single vector; and {
large quant1ty of an alkylaluminum hydride in high -
10 purity suitable for satisfactorily conducting a good
deposition film formation.
According to an aspect of the present |
invention, there is provided a gas—-feeding device for
feeding a starting gas for deposition-film-formation
15 by the chemical vapor deposition method, comprising a
container having a space for discharging the starting
gas containing an organometallic compound by
introduction of a carrier gas; a gas-introducing means
connected to the container and having a plurality of
20 gas-introducing openings for introducing the.the
carrier gas or the starting gas into the container to
generate the starting gas; and a gas generation-
accelerating means for accelerating the generation of
the starting gas.

25 According to another aspect of the present

invention, there is provided a gas feeding device for



- a process for the preparation of a protein of I nterest, which
process conprising culturing manmal i an 35 cells of the invention under
conditions allow ng expression of the desired protein and
recovering the desired protein,thus expressed. WO

96/ 30531 PCT/ CA96/ 00174 By using both
a neo gene and a netall ot hi onein gene as sel ectable markers in a single
vector, it is possible to select for transforned nmanmmalian cells, such

as Wil d-yypefeedifiQucetastingi 6his NBNL abhds Pt fos 0Pl B-PErhlEigxPression 5
vector stably integrated into their genones. This selection system

therefore fdoyl|thatesehhea pregpont deposition mécleddi fécmbi98i8§ ahably
transfornmed mammal i an cells such as the wild-type CHO cells and avoi ds
t he need foroxiydmometakkid scofipeundestdoingdnemhs sf@nadi schéiegsagh! e
expression 10 of genes such as the human [err]-interferon gene because they
have nul ti plheoptastingdgasldontainiegt ti29-dffamopme tsl bic nmore, of
these genes integrated into their genones. Mor eover, the use of
relativeby Pt rinteeduetion ofd esafriem gas 200 prurdMtyn the
sel ection procedure elimnates
of gas-introducing members for introducing the carrier
gas into the storing means; and a gas switching means
for turning on or turning off feed lines of the
carrier gas connected to the plurality of gas-
10 introducing members, and for distributing the carrier
gas through the turned-on feed line.
According to still another aspect of the
present invéntion, there is provided a gas—-feeding
device for feeding a starting gas for deposition-film-
15 formation by the chemical vapor deposition method:
comprising an organometallic compound-storing means
for discharging the starting gas containing the
organometallic compound by introduction of a carrier
gas; a gas-introducing member having a plurality of
20 small openings for introducing the carrier gas into
the storing means; and a ultrasonic oscillator
arranged in the storing means.
According to a further aspect of the present
invention, there is provided a gas-feeding device for

25 feeding a starting gas for deposition-film-formation

by the chemical vapor deposition method: comprising a



15 inadvertent mcrobial contam nants such as nycopl asnma t hat may
‘becone associated with the transfected cells during tissue culture
procedures. Thus, the present invention m nimses the possibility of
m crobi al contam nation of transfected cells. 20 Furt her, one
particul ar- pronoter/enhancer system ~ 8atcording to the invention
surprisingly gave a significantly higher |evel of expression than the
strong pronoter systens that have been used in the past. This

: ter/enh .is the MSV-mvIrl ' [ 25 t t f

Phe mousé MRS IRRR B ToTTRTES: dtopparQihe, B6%  SZarifef o mouse.
[ /S : tall othi [

dene, parti TSRS o FReRRtA RS BoBbeRae elhancer system can

be operabl Y jnerd dilieebd R Jo0ErPlel NGELEStng GH 236081 6H RDans

[err]-interferon gene or the hungn ryt hropoi eti'n”gene. A vector

conpri si ng of(ﬁfé'[siﬁ]b‘gﬁ'gé r i ngﬁggiyﬁcac 'gguﬁ&vgh af mgxpression of

t he gene pr type C Therefore, the I nventors have

identifigd a¢evs afth dINERPESSLEh yndpVer f ul expression system suitable
for use rn mammalian cells, 35 particularly wld type mammalian cells.

Products, such as aAcdw¥@ihg efdlaist el er@rtREs AypBotes¥t BrEPOI etin, may
be expressed wi th unexpected/ novel biological properties such

present invention, there is provided a deposition—-film-

forming apparatus for the chemical vapor deposition
method comprising:

10 (1) a gas—feeding device comprising a container having
a space for introducing and discharging a starting gas
containing an organometallic compound for formation of
deposition film by aid of a carrier gas; a gas-
intfoducing means connected to the container and

15 having a plurality of gas—introducing openings for
introducing the the carrier gas or the starting gas
into the container to generate the starting gas; and a
gas generation—accelerating means for accelerating the
generation of the starting gas;

20 (2) a reaction chamber connected to the gas—-feeding
device to receive the starting gas fed therein, and
(3) an exhausting means connected to the reaction
chamber for exhausting the reaction chamber.

Acéording to a still further aspect of the
25 present invention, there is provided a deposition-film-

forming apparatus for the chemical vapor deposition
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- 6- as higher bio-availability. Such properties may result in

hi gher efficacy/additional utility for the product. It is
therefore possible according to the invention to express genes such as a
[err]-interferon gene and others in 5 large quantities in wild-type
manmmal i an cells such as w | d- type CHO cells 'and to do so in a stable
manner, w thout the need for continuing selection and dependence on the
CHO dif r pethed resmpLisehgction system The invention can be appl i ed
to a large variety of mammalian cells. In this 10 way, it enables the
expressi on of1 ppprees | fé8ding 0dév Des eSompr i iy aam| yEasydnétanlpatt ern and
a cellular environnent unique to the cell type used. A vector
accordi Ng t ccdiponndestoring Sméamexfoeséisshargmgtthe stacoimgi ses three
sequences that are expressible 15 in mammalian cells. Thus a vector of the
invention gaszagutabsing théidrganometallik neprgsopumeddey conpri sing a gene

of interest whose expression is desired, for exanple the
human [ esr] -intreedesbiongent;a Xar¥iey gas for fdepasiiertfble nar ker
sequence conprising a . met al | ot hi onei n gene whi ch confers

resi stance tfpermation; a pluppbidy ref gasointradrming nemwkberen fedpper and
zinc, on mannalian cells expressing the gene of i nterest; and

25 (iii) IntreiiGiRe stheFanT g de rintR iR & WiRY SreRPS;
neo gene which. confers reEistance antibiotic kananycin

ypon transf GNP RS FTAreRing meér?s.tp‘.’er c‘é‘ﬁ%%’?—:%p?’és%ﬁ ng thE"Gene and
resistance tQedNog 1ines of thdOEhfdd NP Gld G 81 1 Hpohe mammal i an

cells

10 9gas—introducing means, and distributing the carrier
gas through the opened feed line,
(2) a reaction chamber connected to the gas-feeding
device to receive the starting gas fed therein, and
(3) an exhausting means connected to the reaction

15 Chamber for exhausting the reaction chamber.

According to a still further aspect of the

present invention, there is provided a deposition-film-
forming apparatus for.the chemical vapor deposition

method comprising:

20 (1) a gas feeding device comprising an organometallic
compound-storing means for diécharging the starting
gas containing the organometallic compound by
introduction of a carrier gas for deposition film
formation; a gas-introducing member having a plurality

25 of openings for introducing the carrier gas into the

storing means; and a ultrasonic oscillator installed



30 expressing the gene. Each of these three sequences

will typically be associated with other elenents that control their
expression. In relation to each sequence, the follow ng el enents are
generally present, usually in a5 to 3 35 arrangenent: a pronoter for

di recting expression of the sequéﬁc%oaﬁd optionally a regulator of the
pronoter, a transl ational start codon, the codi ng/ marker sequence, a
WD 96/ 30531 PCT/ CA96/ 00174

-7- pol aqﬁp | ation signal and a transcriptional termnator.
Further,lthéxho f%§%§?ﬁﬂg%c AN or either or both of the mar ker

Rl T R I & e qpdtfRiti

i ncreases the ‘expressi on obtaine con r onot er

Sui t abl e enhanegls ééu*ﬁ%%iﬁ%mkkﬁ %ﬁﬁ#§igﬁn§§gmgé@rfﬁéért Shkancer and

the Mouse Sarcoma I (M5 ancer . _ er, a vector
accordi ng t o 4)eyd WUAHEIPNI N | heans dOPAEM LY €OPIe SFeBEiGh MDre origins

of replication, for 10 exanple a bacterial origin of replication, such as
the PBRTIGNEW| for tdidiawdt DNG 189 &St O6n i chdmséer i al cel | s.
According to a still further aspect of the
preéent invention, there is provided a depqsition—film—
forming apparatus for the chemical vapor deposition
method comprising:
10 (1) a gas feeding device: comprising a container
having a space for discharging the starting gas
containing an organometallic coﬁbound by introduction
of a carrier gas for deposition film formation; and an
injection means for injecting the organometallic
15 compound in a mist state into the container,
(2) a reaction chamber connected to the gas—feeding
device to receive the starting gas fed therein, and
(3) an exhausting means connected to the reaction

chamber for exhausting the reaction chamber.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram illustrating an
example of the gas-feeding device of the present
invention.
25 Fig. 2 is a timing chart for explaining a

method for driving the device.



"Alternatively or additionally, one or nore eukaryotic origins of
replication nmay be included in the vector so that replication is
possible in, for exanple yeast cells 15 and/or manmalian cells.

The vector may al so conprise one of nor £ introns or ot her non-codi ng
sequences 3' or 5 to the coding sequent or to one or nore of the
mar ker sequences. Such non-codi ng sequences ‘nmay be derived from any
organi sm or may be 20 synthetic in nature. Thus, they may have any

sequence, Such spgggnge?sPﬁysg@e'Qgigqgggégaﬁrgwﬁég$¥g¥§hgr do not

inpair correct expression o € Codl ng sequence or narkKer seqguences.

In vectors ofnédHigel Nvehh P8, of NEh& Ok 9 SEAEH (eI 25r tige Mar ker

sequences are each operably linked to a pronoter capabl e of directing

their expressi@fent Pnv@IPRbHAN cell . Optionally, one or nore of these
pronoters may al so be capable of directing expression in other cells,

for exanple non-PHgNed | 8 £ ukeligmat £c c@lagram uthi wst ygeshigcel | s or 30
i nsect cells and/or prokaryotic cells. "QOperably |inked" -refers to a
j uxt aposst i ositwhkrenothére gxamplerofinthe hgas-feedihgglemiderostetipence are
in arelationship permtting the codi ng/ mar ker sequence to be expressed
under the copxeggnbfinventhenpronoter. Thus, there may be el ements such as

5 non- 35 coding sequence between the pronoter and codi ng/ marker
sequence. Such sequeft®s cth 2 IMAIRIECRPME Bic (HiRgFayRe for explabying

enhance or dg, DOLeLiRAl in ' OF SRLESE LT SELEcPlve "Formation of the

AN

deposition film by using the gas-feeding device of the
10 Present invention.

Fig. 6 is a schematic diagram of a deposition-—
film-forming apparatus to which the gas-feeding device
of the presént invention is applicable.

Fig. 7 is a schematic diagram of a’

15 conventional gas—feeding apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferable gas—feeding devices of the present
invention are as described below.

20 The gas—feeding.device of the present
invention comprises a container having a space for
discharging the starting gas containing an
organometallic compound by introduction of a carrier
gas; a gas-introducing means connected to the

25 container and having a plurality of gas-inlet for

introducing the the carrier gas or the starting gas
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codi ng/ mar ker sequence by the pronoter. Any pronoter capabl e of
enhanci ng expression in a manmal i an cell in the presence of a heavy
metal ion such as Cd[err], Cu[err] and Zn[err] may be operably linked to
the coding 5 sequence. A suitable pramtger_is a netall othionein gene
pronoter. The nouse netall othionein gene | (nMIl) pronoter I's preferred.
Sui t abl e pronoter/enhancer conbi nations for the encodi ng seguence

i nclude the mMIr'l pronoter flanked 10 upstreamw th MSV enhancer (MSV-mVIl)
and the conhinfat thle confailia RYV gty @Yl dd- MM/ e dRd . a MEV- MMITL
IS preferred. Simlarly, any pronoter capable of enhancing

expr essi on igasa gemetatian-eeide liardtimgmesanc efaf scdebayatling netia@l 1 on
such as_Cd[err], Cu[err] and Zn[err] may be operably I|inked to the

net al | ot hi ogenergdriens whh tde @ taurtdimgratas | ot hi onein gene. Preferably,
the marker sequence gene is a human net al | ot hi onei n gene, such as the
human net.al | ot hi oneiTie gasgdieeding Qﬁﬂkﬂﬁfﬂisﬁh@;nﬂﬂﬁﬁﬁbnnter 20

The second sel ectabl e marker sequence is a neo gene. More than one type

of this GendPFANIEN r’rsné&atPraé’learﬂf feeding g H@I‘r% YRR EEH Be ¥sed in a
vector of th nventlon r ef rred neo ne is the_ E.coli neo gene.
The pronot ef 0% 975, SFaRS ¥ g“’p éﬁﬁ?ﬁg’% &ptR8si on of the
e L) "%ggg'n; Lol inc> e anaart%@tgeas G ldf; Gyt omegal ovirus

accelerating means. The gas-feeding device of the
present invention is capable of transporting a large
10 quahtity of starting gas even with a wviscous
organometallic compound without causing problem of
disadvantageous. size increase of the apparatus.
The deposition-film—-forming apparatus of the
present invention cdmprises the aforementioned gas-—
15 feeding device, a reaction chamber connected to the
gas—feeding device to receive the starting gas fed
~therein, and a gas—exhausting means connected to the
reaction chamber to exhaust.the reaction chamber.
The deposition-film-forming apparatus

comprising the gés—feeding device of the present

20
invention is capable of feeding stably a large
quantity of a starting gas into the reaction chamber,
allowing formation of deposition film of high quality
at a high deposition rate.

25 An example of the present invention is

described in detail by referring to figures.



*SV40 pronoter, the nouse manmary tunour virus pronoter, the human

el ongation factor 1 [err]-P pronoter (EF-1[err]-P), the SR err]

pronoter and a netall ot hionein gene pronoter such as nMIl. 30 The pronoter
‘may al so be capabl e of expressing the_nfé) gene in bacteria such as
E.coli in which a vector of the I nventi on may be constructed.

Wi | st the protection against antibiotics conferred by the neo gene is
gqualitative in the sense that once 35 expressed neo gene will confer

antibiotjc resistancg WYederibedClatetd NCaHOtBFid Al A0Eh NSyare@yy netal s
conferred by the metal | ot hi onein gene is quantitative. The greater the

WO 96/ 30531 (DMAH) gives a deposit of Al or an ECIELAPOIOPIIH high
9 | evel of expression of the netall othionein gene in a cell, t he

greater”the qpadlitsy mstslivitee tisetmwaherwyctbdmlon a surdtmse celas having a
hi gh copy nunber of netall othionein genes will be expected to have a

hi gh resi st @lestmomadonatingmaterial by usiierk¥dregerets sai ncl udi ng nmany
copi es of a vector of the invention have a higher resistance to heavy
met al s than reaction gadnpriiRe nvepee Pregsyryy ebprke DMEoigingly, it is

approximately 1 Torr at room temperature, so that it
is readily transported in comparison with TIBA (vapor

pressure: approximately 0.1 Torr at room temperature)

o

-which has been used as the starting material for Al in
10 CvVD.

In the case of deposition-film-forming
apparatus according to the vacuum CVD method in mass
production,'the amount of the carrier gas used is
reduired to be as large as 1 to 10 Q/min. DMAH, which

15 has a high viscosity, involves the problems that the
transporting gas flow tends to become pulsated to
result in hindrance of the continuous transportation,
or the gas flow becomes tubular as mentioned before.

Accordingly, this example has the constitution

20 below.

Fig. 1 illustrates an example of the
constitution of the gas-feeding device of the present
invention.

The metallic container 10 is made of SUS. The

25 inside surface of the metallic container is preferably

coated with Si0; or the like because an organometallic



possible to select for transfected cells having high copy 10 nunbers of a

vector of the invention (and therefore high copy nunbers of the coding
sequence for a gene such as human [err]-interferon) by progressively
i ncreasing the concentration of heavy netals to which the cells are
exposed. Thus, cells having progressrvéﬁyfhigher copy 15 nunbers of the
vector according to the invention. are sel ected. Therefore, the
conbi nati on of sel ectable markers found in the vectors of the. invention

al | ows a t\/\%ﬂsntg% eq suc%ela%ctdﬂq{ %(rg%%lc??@ ?’a}:ﬁlt r r&s.jm%gotseégfé}elal s of interest.

20 First, ce are éexposed to gen | obi ot whi ch

elimnates gally lQGdue tit}xetf_li_%);ﬁ%%%r@?ad dieydiden edef kT ddle vect or

of the invention altogether. e neo gene serves no further function

after this gtRBerature to ¥RFM GinrtAHdrqN d1kahid &l a tfbdHLHH essivel y

25 increasing levels of heavy netal ions, which selects cells havi ng
mul ti pl e copinds thle 1i&ke/eCtAyy xheeHationd lof adld Tontaid N My ti pl e copies

integrated into their genones. In this selection process, cells that
survi ve shi gpluraldayceft mdipeEnsaref dremngedetial hoarizoetaless net al | ot hi onein
30 to a high degree, for exanple because they include a | arge nunber - of
vectors of thieechient iimn sppdoxinzdedys equzd distesctes wirthvddteors t hat have
integrated into their genone are in a chronosomal |ocation that
encour ages gasodgdschargimoe opieningss directad, upniardsi.e Remarmigml i ons nmay
be used. Thus, any heavy netal ion that is toxic to cells of the
i nventi on ag8s 6 iso iptiredugedemons &8d inded! IPdPe dndion fgame confers
bubbles 3. The wvapor of the organometallic compound 2
10 is transported along with the carrier gas through an
outlet pipe 5 to a reaction vessel (see Fig. 6). A
gas—switch 19 selects the gas introduction routes from
pipes 11 - 1? inserted into the organometallic
compound 2 to introduce the carrier gas féd from the
15 inlet pipe 4 to pipes 11 - 17 in pulse with delays in
timing. The gas-switch is constituted, for example,
of valve bodies placed in connection portions of the
respective pipes such as electromagnetic valves
operated by electric current; an effector for the
20 valves; and a control means for the effector.
Although seven pipes are shown in Fig. 1, the number
of the pipes may be more or less than seven. The
timing for switching is adjusted depending on the
length of each pipe (11 - 17) from the gas switch 19
25 to the outlets. In this example, the gas-switch 19

serves as a gas—generation-accelerating means.



- 10 -

| protection may be used. For exanple, zinc ions (Zn[er

copper ions (Cu[err]) or preferably cadmumions (Cd[err]) may be
used. Concentrations of a heavy netal ion of iron 5 to 100,

to 200, [er

rIMmay be applied to effectg & selection. A concentr

from130 to 170 [err] M preferably about 150 [err]M Zn[err] is

sui t abl e.
t hese i ons

In order to effect selection using heavy netal
may be provided as salts, in conbination with any s

r1),

ndeed up
ation of

i ons,
ui tabl e

counterijon such as $ulgphat ehomwschl aimdag PAttern fBecdwnteocticadiond cel |l s
are resistant to the toxicity of heavy nmetals which, as it hap _
i nducers of offhé¢he caprdest g@asf do tthe Edgesgidequélice, Inh&igxpr2assi on of the

protein of
170 [erT] M

interest can be maxim sed by heavy netal ions such
Xhee heltolieidc poartd ongd ghews the thae19f flemdingr of the

addition to the neo_and netall othionein genes, the vect or may
contai n one98€ b dbpyuregPecsdrecPipes- Thepflel getes ifor examp

anpicillin
t r ansf oSman
may be
vectors of
manmal i an ¢
l i near or c

resi stance gene for -the ident|ficatiqon of bacteri al

Fespsgtive Bipgs: Rre, BOUYRIG Pnbo RAUAI B, WP tHS e
RNA, f o] . 4th t b
TRy cBFESoPERG B MatiLE SRREBEIOR Of he BomES:i B

ich it_is nsf vector b

gkgﬁl a PBPWF22§%0E%giéggnﬁpe%kgﬁets§6P§g%&§f BOTEES as

vector, tYPhGAkh¥ carrielVgal' d2Mifle OrBhAbAELEY 1RLAETHBNEH Hay' S

10

15

20

25

not communicate the outlets with the gas layer. In
the timing chart of Fig. 2, the carrier gas flows
through 6 pipes at any time as the simplest example,
wheré the one sixth of the carrier gas introduced
through the inlet pipe 4 is distributed to each of the
six pipes of the pipes 11 - 17,

In the case where the pipes have respectively
one opening, the gquantity of the carrier gas
introduced into the respective pipes 11 - 17 is
preferably not more than 100 cc/min for DMAH. 1In a
more preferable example, where plural small openings,
not a single opening, are provided for each of the tip
of the pipes 11 - 17, the carrier gas flow rate in
each pipe may be larger than 100 cc/min. When small
openings of n in number are provided in each pipe,
then the carrier gas flow rate in each of the pipes is
up to n X 100 cc/min. Specifically, for each of the

pipes 11 - 17 of 3/8 inch or 1/4 inch in diameter, the

pens, are

as 130 to
In

al so

|l e an

ic acid

essi on

with the

ein

md
pMMIC
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vector is t
which is w
i s pBR322.
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into a host

EXDFESSIOH

Fig 3). Those of skill in the art will be able to
suitable vectors starting with widely avail able vectors 30
be nodified by genetic engi neering techni ques such as those
y Sanbrook et al (Mdlecular 1 — Coning: A Laboratory Mnual;
ar as plasmd vectors are concerned a suitable. startlng
he plasm d pRSN (Low et al (1991): JBC 266; 19710-19716), 35
dely available. A further suitable plasmd starting vector

number isVewirer preffdrdebd iynvert irmrerehhare 1dhl e 1H tHd ect

PCT/ CA96/ 00174
numbegr dis drergfersoridheo rf catnied foulidias mayt aiamizioial witfuence
cell genonme or they may remain free in the host cell.
| nt egr af i ve eacdt othear drphdigh mewbatlilsl tw. bddta®y ratahdy give stable

of codi ng sequences such as 5 that of the human

[err]-int er Megsirgefhould be takpge 89 dhatedihel hubbigs fieied may be BHK,

CCs, VERO,
| ynphoblaast

10

human fi brobl astoid such as C10, HelLa, or hunman

sremcdihes e of [thePipe fifgh Mfoidinc dqgethpr to form

a tubular gas phase communicating with the above gas
layer.

In the device shown in Fig. 1, bubbles are
formed sequentially from the respectivé pipes 11 - 17
nearly continuously as a whole without pulsation of
the starting gas 7 discharged from outlet pipe 5.

By use of the gas-feeding device of the

example, the size of bubbles from the respective

15

20

25

openings can be made smaller by appropriate selection
of the flow rate of the carrier gas introduced through
the plural gas-introducing means and intermittent feed
of the carrier gas to respective gas—introducing |
member with a recess time of T2, whereby the
organometallic compound can be vaporized sufficiently
into the gas, and a large quantity of the starting gas
can be fed.

Fig. 3 shows another example of: the
constitution of the gas—feeding device of the present
invention.

The metallic container 10 is made of SUS. The

inside surface of the metallic container is preferably



*Preferably, however, the cells are CHO cells, particularly 10 wld-type

CHO cel I s. Desirably, transfected cells wll have all or part of

a vector of the invention integrated into their genones. Such cells are
‘preferred because they give stable pression of the coding sequence
contained in the vector. 15 Preferably,” one or nore copies of the entire
vector wll be integrated, with cells having nmultiple integrated copies
of the vector, for exanple from20 to 100 copies or nore, bei ng

particularl x?a&shemgﬂ BGAUSS LRRSA %R bedBii @an ordiindheilaAll R | evel of

expression of the coding s@quence 20 contained in thé vector. However,
cel I's havi ngomh@ssntihdtich asCOMARE! @nseaiMaoRs 19f aeehPlosedfatt ke i nvention

i nt egrated into their genonmes are also included within the invention

i f they arembtagt sapFace dauithel presehcReldss a@tiogen! B¥en ateriddne vect or
integrated into their genones, in the sense 25 that the integrated
sections of tehperatue ewvalfloen tneeldssary sl kane sush 3 eedinihesequence
and to be selected for by t he use of heavy netals, as described above.
Thus, cell sand teehillkiei.ng partial integration of vector of the invention
are included in the invention if the integrated element or 30 elenents
“incl ude the codi ng 8egleamred idyerdblay smaldedprenings 5 araspowivaidsdl pr onot er

and the netal | ot hi onei n marker sequence operably linked to its
associ at ed feynoeer discharge ophdheemetatnpipe tr dnseadesd I3y aany suitable
met hod, such as the nethods disclosed by Sanbrook et al (Ml ecular 35

lLoning: A PEESRARERINERUECEPPYEY)- A-GRradi&THIoes Jecedested conprising
el el g £ 2050 Al Mpenindd! Pl Buiy P Packaged into
10 openings may be provided either in a uniform interval
or in irregular intervals. The pipe 4 inserted in the
organometallic compound, although illustrated in
linear form in Fig. 3, may be in a circular form or in
a serpentine form so as to distribute the positions of
15 the openings uniformly in the organométallic compound
container 10.
In particular, if the organometallic compound
2 is DMAH having a high viscosity, the carrier gas
flow rate through the respective small openings 5 is
20 preferably not more than 100 sccem. A larger flow rate
than 100 sccm may destroy the bubbles of the carrier
gas ejected from the small openings, forming an open
gaseous path from the small openings to the surface of
the organometallic compound in a tubular form, which
may retard the cavitation effect generated by a

25
supersonic oscillator emploved in this example.
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- 12 - such as retroviral particles. The vectors may al so be

i ntroduced by el ectroporation, calcium phosphate precipitation or by
contacting naked nucleic acid vectors _with the cells in solution. ~
Preferred nmethods of 5 transfection i'nclude those described by Low et al
(JBC 266; 1 9710-19716; 1991). The i nvention al so provides a
process for producing protei ns encoded by the codi ng sequence in a

vector pf the | RN W1 a st RIRCEERESi SPNPdadiildd Wing cells 10
transfected with a vector of the invention under conditions that all ow

expr essi on cafv it ieRdidFF eTRI U Goriith e COMR IBilbb les | horntisy g oduced
protein. Preferred proteins that nay be produced in this way include

I nt er f 2r onsi sftolo fe xhiEp log-dantae tal 1 i O iciipiai® . frdertte i sliefdsd ons are
preferred and human [err]- 15 interferon is nost preferred. Qher proteins

are "1 nodr Iteek orgaptmetadd iion toonpuad - ec hisrsly charheni
gonadotropin, growth factors, human growth hornone and human

eryt hr gooi eflitrasealilc werhddes cgomzonde provided in pphuoteel sy and ot her
proteins of bionedical relevance. 20 The sel ected cells may be

cul tured uddeespegtdyielaplof the amalivl rasdnigvesaildatern t8 ainl t hese
condi tions_may vary depending on the cell type and the type of protein
bei ng Figduded. MPFeoyiedntide okt RafoniR i IRf St aaaPode a

installed on the side face of the organometallic
compound. In this example, the ultrasonic oscillator

10 8 serves as a gas—generation-accelerating means for
forming the starting gas effectively.

In this example, small openings provided and a
limited flow rate of carrier gas ejected from the each
small opening realizes the generation of fine bubbles

15 in the organometallic compound and formation of mist
on the liquid surface. However, the effective
generation of fine bubbles cannot be achieved
sufficiently only by providing the small openings. In
particular, for a wviscous organometallic compound like

20 DMAH, the carrier gas is desired to be ejected from
the respective small openings continuously and at a
flow rate lower than a certain level.

In this example, DMAH having a high viscosity
can be transported by the carrier gas flowing out from

25 the organometallic compound contained in the metallic

container 10 containing an amount corresponding to the



constitutive pronoter so that the protein encoded by the 25 codi ng sequence
is expressed in the absence of a heavy netal ion. The cells nmay however
be cultured in the presence of a heavy netal ion, particularly in an
anmount which is not toxic to the_pqés; That can lead to higher
expression of the desired protein. 30 The concentration of the heavy
nmetal ion in the culture nmediumis typically from 100 to 200 [err]M
“Cel I s may therefore be cultured in the presence of from 100 to 200

'][e”]'\/' 1 SheRrieaw P sifle G L DM ByCAl Sl ind Wi le oyl Znlerr]

or exanple from 130 to 170 [err]M of the "heavy netal 1on. A 35 wuseful

concentrat i @@tieS odbae Lalith' Igds RAfdIt@d Frlon ¥R It penindeawy met al

ion is Zn[err]. The use of Zn[err] has a beneficial effect on the
yield of [erb] approsdigataand oy WdtwRiAieldnmploying a caRHB6Ici531

PCT/ CA96/ 00174 - 13 - producti on.
Unexpect edl uf fielctwa¥ alseiasetiidhaisdiliation,l leven whei aterttgl oducti on
was increased two- to three-fold and human eryt hropoi etin production
was i ncreasearttieee gaso intrdduwoed dal.the metallithegrtatisiar tiatis s
produced may be recovered by any

in an amount as large as 10 slm (standard liter per

minute).

No method has hitherto been found for

2

transporting effectively an organometallic compound by
10 such a large amount of a carrier gas. In particular,
in the vaéuum CVD method, the number of wafers used in
one deposition batch depends on the efficiency of
transportation of a large amount of viscous DMAH. The
use of the gas-feeding device of the present invention
15 in a deposition—~film—-forming apparatus shown later in
Fig. 6 makes feasible the deposition of an Al or Al-Si
thin film on 100 - 200 wafers of 4 inches in one
deposition batch at a high deposition rate.
In the gas—feeding device shown in the present
20 example, a mist of an organometallic compound is
generated in a great number of fine bubbles or in a
gas phase of the organometallic compound-storing means
by selecting appropriately the carrier gas flow rate
for each small opening (e.g., approximately 100 sccm
o5 or less), and further by causing cavitation by an

ultrasonic oscillator installed in the metallic



sui tabl e means known in the art and the nmethod of recovery may vary

dependi ng on the type of cells enployed, the culture conditions and the
type of protein being produced. Desirably, the protein produced will be
purified after 10 recovery. Substanti al pure protein can thus be

obt ai ned. The present inventi enabl es a novel human [err]-
interferon to be provided. This [err]-interferon has a high degree of
sialylation. Like natural human [err]-interferon produced by primary

di pl oi d ;h t I , it h
h: ghglr b| ggggflflt;g&’l%m %%tr&'aj{rﬁdr?s \Qg r?axj%rgzlﬂé[&%??&] -1 nt e%’egr Irecoﬁ;i ﬁant
[err]-interigpopy tﬁ)%r it dt 1G9 o ARE'UN be containdd® hi gher

bi oavai lability o -|nterferon can be characterised. Wien 1.5

x 10[err] IRherpat tc%&ahek!mgta% @Jéét)edefz%(l)n tde 'dHr&releféln irs dpj ected

subcut aneously into the back a rabbit of about 2 kg: (a) [err] 128

.U /m of theunkt %‘bfofe@i)ondldgs weterd Pl tddtdd erriupradsddiae | abbi t
after 1 hour, and/or (b) [err] 64 1.U./m of the interferon is

detectalgle in t lae sagnUMatifo e reatahigl eafdfercdndditneeicib of the The

maxi mum | evel of interferon is typically observed after 1 hour.

Accordi ng t gakafeedierefdEvdcel2§ tthe2¥Feseny dpventisuchisas 140 to 190
.U./m of the interferon may be detectable in the rabbit serumafter 1

hour Af t er 18 Insirated igcdoixti fg to (b), [err] 70 I.U./m such as [err] 80
.U /m of the 30 interferon nay be detectable in the rabbit serum

Typ| cally accor & @RERnOPe tadd IGGARPNg e TGS i3P the range of

64 to 128 | ../, such as 80 to U/nm can det ect ed.
Addi ti onal | }18P1§I SATa e mettﬁéilrﬁ é:rqnetradﬁ‘efagﬂbe 5 @it eri sed by

LS e SRl ehpchtR MBRe 0. DASRSARLAY LY Ln e panae of
serun1a|bunkglg58%§ %trlc atomizers) employing a piezoelectric
element as an ejection-energy-generating means spray
the organomefallic compound drawn up from the metallic
container 31 in a mist state into a metallic chamber
15 33. The piezoelectric atomizer 34 is preferably
provided in plural numbers. Five atomizers are
provided in the example in Fig. 4. The atomizers 34
are connected to a driving circuit (DR} for supplyving
a driving signal to be controlled by the driving
20 circuit. In this example, the piezoelectric atomizers
34 serve as a gas—generation-accelerating means for
generating the starting gas effectively.
The organometallic compound is ejected in a
size of several um or less in a mist state from the

25 piezoelectric atomizers 34. Although the atomizers 34

are installed at the bottom of the metallic chamber 33
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- 14 - The specific activity may be from5 x 108 to 6 x 10[err], for
exanple fromb5.2 x 10[err] to 5.8 x 10[err] such as from5.3 x 10[err]

to 5.5 x 10[err], |.U. per ny equi val end, of bovine serum al bum n
protein. 5 The specific activity can be referenced to a standard,

In particular the G23-902-531 standard distributed by the Natl|. Inst.
Al lergy and Infectious D sease, NI H USA Specific activity is

determ ned aGEOoMl NGidre, Mgy 1A} 1Y instPl1dd QIR0 G Qe AFdi@d T ONG
(1971) in which 0.2 [err]g/m of 10 actinonycin Dis included in the viral

chal | enge angk tdie chambed - | MhIGeEbia FE. o tiferF caithhlig Retde1edti@ssay cells

wer e MRC-5 fi brobl asts. The [err]-interferon nay al so be

char act éri segy/dyy »oie ritural Pprise aisédie fol | ow ng properties: 15 1. The
[err]-interferon according to the present invention typically has
an apparent nol ecul &thevsingidefwall 300 the metal ks detasrreme’B bis 15% sodi um
dodecyl sul phat e- pol yacryl am de gel el ectrophoresis (SDS-PAGE)

2. Wieh | refenphly cortad inik tlavamoirs bR ting materml such agbbit, the

half |ife of the interferon is typically .
S 02 or the like because an organometallic compound

such as TMA and DMAH will decompose at a metal surface

of SUS in the presence of hydrogen even at room

temperature to form unnecessary aikane such as methane
10 and the like.

In such a device, a carrier gas 6 such as
hydrogen, argon, nitrogen, and the_like is introduced
through an inlet pipe 37. The carrier gas comes to
contain the organometallic compound in an amount

15 correéponding to the saturated vapor pressure while

passing through the metallic chamber where the

organometallic compound is sprayved in a mist state,

and flows out from an outlet pipe 9 as a starting gas

7. The organometallic compound is in a mist state

20 having a size of several um or less, which is
contained in the carrier gas effectively.

The organometallic compound which has attached
to the inside face of the metallic chamber 33 is
recovered through a recovery pipe 36 to the metallic

25 container 31 containing the organometallic compound.

The use of a piezoelectric atomizer allows



in the range of from12 to 15 m n such as about 13% m n. The bol us

Is injected into the rabbit ear vein and bl ood sanples are

wi t hdrawn fromthe rabbit ear artery. Rabbit serumis assayed for
the antiviral 25 activity of the jnterferon according to the

nodi fication of the nethod of Armstro‘ng”( 1971). 3. The antiviral
activity of the interferon in a human hepat obl astona cell |ine
(Hep&) is at least equal to and, typically, about 1.5 tines the

; o : : , dh
L0 pbfpy top, SR el Sdd A SNSRIV Lol puren
effective tE?@%@?%@f%k@nd %ﬂﬂﬂ“&%gddghf#¥”%o that th&el s against a vira

chal | enge. act I's agai n determ ned according to the
modi fi ed rrebh@@n%ﬁa.etaumofcoﬂﬁaim@r&r( Jt%laonémxsémrw&w &wﬁepm tted in
t he antiviral determnation in Hep& cel

ol i gosacchargta@e%fmaw@u@d iWddperderd €YY |of Ntles fﬁsszsny of theV\D

96/ 30531 PCT/ CA96/ 00174

- 15 - 5 oirganemetaditicocanpowido inceteie seattiel agag -doeer f er on.
The [err]-interferon carries oligosaccharides which can be

not pass through a liquid, no fluctuation of the flow
rate is caused of the carrier gas 7 containing an
organometallic compound. Thus pulsation of the flow
can be completely prevented which will be caused in

10 transportation of an organometallic compound of high
viscosity. By the method of transporting an
organometaliic compound of this constitution, the
transportatibn of DMAH can be effected in the state
that the carrier gas contains DMAH in an amount

15 corresponding to the saturated vapor pressure thereof,
even if the total flow rate of the carrier gas is as
much as 10 slm (standard liter per minute).

No method has hitherto been found for

transporting effectively an organometallic compound by

20 such a large amount of a carrier gas. In particular,
in convéntional vacuum CVD method employing DMAH, the
number of wafers usable in one deposition batch
depends on the efficiency of transportation of a large
amount of viscous DMAH. The use of the gas-feeding

25 device of the present invention in a deposition-film-

forming apparatus shown later in Fig. 6 makes feasible



‘characterised by one or nore of the follow ng features: 1. Neutral (no

acidic substituents): 5 to 15% preferably 5 about 10%

Acidic : 95 to 85% preferably about 90% 2. The total desialylated

ol i gosaccharide pool is het er ogeneous with at |east six distinct
structural conponents present” i4” the pool. 10 3. Matrix-Assisted
Laser Desorption lonisation - Tinme of Fli ght (MALDI - TOF) mass
spectronetry and high resolution gel perneation chromatography data
are fall osition

Cal cul at ed t%ng&; ul \F‘quiﬁ-} ooil det'e %154\1 si \¥h film on jl\%g‘?s) 1786. 2
SHex, 20197%fers of 41:Inri]ches in one de os1t1&l‘% dt a

2AB, Na 5Hex, | dHex, 192

4Hex NAcC, h]_gh deposj_tlon rateAB, Na 20 2295.5 6H€X, 2293
14.5 1dHex, 5HexNAc

1 2AB, Na 2660.The gas—feddeing device Hbdwn in the lekdmple

1dHex, 6Hex NAC 1 2ABg Na 3019.1

8Hex, 5 tr30@ports an dizghometallic compound imiexiiquid
7HexNAc, '
state from a container storing the organometallic
compound, and ejects the liquid organometallic

compound in a mist through an ejection means like a

£
oot
ot

piezoelectric nozzle intoc a space, thereby discharging

10 an introduced gas which contains the organometallic
compound in an amount corresponding to the saturated
vapor pressure thereof.

The'gas—feeding device described above is
suitably used with a deposition-film—forming apparatus

is described below.

Fig. 6 illustrates a schematic sectional view
of a deposition-film-~-forming apparatus of the present
invention.

An external reaction tube 50 made of quartz

20 forms a substantially enclosed space for deposition
film formation. 1In the interior, a plurality of
substrates 57 for formation of a metal film mainly
constituted of aluminum, silicon or the like as the
deposition film are fixed by a substrate holder 56 at
a predetermined position. An internal reaction tube

25
51 made of quartz separates the gas flow in the



1 2AB, Na 25 The carbohydrate noiety of the [err]-interferon of
t he I nvention consists of bi-, tri- and tetra-antennary conpl ex type
NI i nked ol i gosacchari des. These ol i gosacchari des contain repeating
“lactosam ne(s). About 30 to 80% for _ ,gxanple 35 to 60% or 35 to 50% of
the oligosaccharides are WO 96/ 30531

PCT/ CA96/ 00174 - 16 - bi - ant ennary
~oligosaccharides. About 15 to 65% for exanple from25 to 50% or 25 to
40% of i heextedinagosaaividliatuly 50/ i -AMEtHEl 3¢ of igagacshari des. About

5 to 55% for exanple from15 to 45% or 20 to 40% of the 5
ol i gosacchaldeesace toparss am apeEning| oot cdweredssl reactionThe
[err]-interferon of the invention exhibits antiviral activity, cel
growt h 1 egultatbey pOact iBhea \subatrzatesid7 tgre owlacedgin atket he production of
I ntracel ] ul ar enzynes and. ot her cel | - produced substance. Accordingly,
the [err]-i Pubstaiade Raider e arrapges tinathe dntrricr reeag@khicBncol ogic
di seases such as hepatitis B, hepatitis C _viral_ encephalitis, viral
5 tube 51. The substrate holder 56 is preferably made
of guartz.
In this apparatus, the temperature of the
substrates is controlled by a heatér 59. The pressure
in the reaction tube 50 is controlled by an exhausting
10 system connected through a gas exhausting outlet 53.
The apparatus shown by Fig. 6 has a mixer 62
which is connected with a first gas system for a gas
fed from a gas—feeding device, and a second gas system
for Hz or the like, and further a third gas system for
15 SizHB or the like, from which the resulting starting
gas mixture is introduced through a starting-gas-
introducing pipe 52 into the reaction tube 50. The
starting gas reacts at the surface of the substrates
57 while passing through the inside of the interior
20 reaction tube 51 as shown by arrow marks 58 in Fig. 6,
resulting in deposition of Al or A-Si on the substrate
surface. The gas after the reaction passes through a
space formed by the internal reaction tube 51 and the
external reaction tube 50 and is exhausted from an
exhausting outlet 53.

25
To take in or out the substrates, the metallic



pneunoni a, viral warts, Al DS/ nasopharyngeal carcinoma, |ung cancer,

nmel anomas, CML renal cell carcinoma and brain tunours as well as
di seases like nultiple sclerosis, 15 hemangi omas and cervi cal
i al neopl asi a. Phakgaceuti cal conpositions that

i ntraepithel
contain the

[err]- interferon of the invention as an active princi pal

w | | normal |y be fornmulated with an appropriate pharmaceutically

acceptabl e carrier or diluent depending upon the particular 20 node of
adm ni st nat i 6hahgeng4uiedlowkered nsgether withpahensebslrbakenul ati ons are

usual Iy injectable fluids that use pharnaceutically and physiol ogically

accept abl e fhoilder 56 enéhthe phpsitgiasgscall byl meensbealfamped salt

sol utions, or the like as a vehicle. Oral fornulations, on the other 25
hand, may beed6vR¥Sr éngt shpre: dnoitheafdgues) &P mpyei dt to Sol utions or
The interferon of the invention will usually be formulated

suspensi ons.

as a unit doEE@@eFGFﬁ#PHQtP031té8ﬁtalns fron110[err] to 10[err],
usually 10[err] to 10[err]

dose
be admi nistered to hﬂﬁﬁﬁsspﬁh ai §8P?66§uﬁaHH€P§ &Beh as orally,

i ntravenousl
i ntradernal |
adm ni strati

ohys ol an- 1 kP ST AL SOREcAAnEr A~ ar £rath ZPE B TOPRERo pari ent, he -

di sease and
are usually

10

15

20

25

ntra éu ar |

i ntr.aper.itoneal | i,nt.r anasal
$oxpmentiene ipe hea

88§F§¥1?Hefﬁ CEBEPAPOGHRAH Lons,

nor e
The interferon may

Y,

Ligadh 888860 L8 LAYOkkSlrs 1n ERL LBLAAEGs VI Tal Infections

rea
As described above, the gas—-feeding device of

the present invention is particularly suitable for
apparatuses for forming deposition films by use of an
organometallic compound having a high viscosity like
DMAH in a large amount. Naturally, the kind of the
oréanometallic compounds, the constitution of the
deposition—-film—-forming apparatuses or the like
matters are not limited to the above examples.

According to the present invention, excellent
deposition films can be formed in a large quantity at
a high throughput since present invention enables
stable transportation of a large amount of starting
gas without problems such as size increase of the
apparatus even when an organometallic compound having
a high viscosity is employed. Thus the production
cost of the semiconductor device can .be reduced
remarkably.

Specifically, the gas—feeding device
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- 17 - or twice daily doses over a few days to a few weeks;

whereas tunor or cancer treatnent involves daily or mul tidaily doses
over nonths or years. The i at ggf eron may be conbi ned with other
treatments 5 and may be conmbined with or used in association wth other
chenot herapeuti c or chenopreventive agents for providing t her apy

agai nst viral infections, neoplasns, or other condi tions agai nst which
it is efif ecilyestFatedndinafde,. ilnis sutitabdgseppfl ilkdr pes an rus keratitis
treatnment; therapy with 10 interferon has been suppl enented by

t her nocaut eapparatuge ffordéiventvagunum CVD mertdiody Hilduss reltexdap\for

The followi ng Exanples illustrate the invention. In t he acconpanyi ng
drawi ngs: 1€xample,FiguFdgl &hvhd chhdsr eapabd eoPfi wlddigor dexigesi s
carried out on CHO cells transfected with DPPIV sequences under the
control “of papbeusofr WaELELs (substratesyi g as timep andydeppsdttdngraps of

pl asm ds pMMIN MMIC and pBPV respectively; 20 Fi gure 5(a) shows
t he reséltsAbeSDﬁngeE ($spye theyAgpesisien 9§rﬁﬂ|@€ @338l FN[err]. The
nmol ecul ar wei mar ker s are fromBi,oRad (California). The nol ecul ar

wei ght g?ﬁ%°ﬁﬁr?¥r§ SPEIpAEi CEREFIPR RYa2 ?ﬁétgﬁoﬁﬁPCGFOBSBS-

| FN | ) U, 10 .U 25
L s 1 TerdBFiay EuBRledsd! BuBract e oRELAL-SY soo ke Lo ]

deposited from DMAH and H2 {or further with an Si
starfing gas such as SiZHB) by a hot wall type of the
10 Vvacuum CVD method in which the substrate only is
heated.
In the film formation, Al or Al-Si deposits to
a thickness of 100 - 200 A only on an electron-
donating subsfrate under conditions of the reaction
15 tube pressure of fronm 1(‘)—3 to 760 Torr, the substrate
temperature of from 270 to 350 °C, DMAH partial
pressure of from 1 X 10 ° to 1.3 X 10 ° time the
reaction tube pressure, (or further Si H6 partial
pressure of from 1 X 10 7 to 1 x 10 % time the
20 reaction tube pressure). For improvement of film
thickness uniformity in wafers, the reaction tube
pressure is preferably from 5 X 10"2 to 5 Torr, and
the DMAH partial pressure is preferably from 1.3 %
107% to 1.3 x 107% time the reaction tube pressure.
25 The preferable substrate temperature is from 270 to

300 °C for suppressing surface migration and preparing



“serumal bumin in lanes a, b, ¢, d, e and f are 5 [err]g, 3.5 [err]g,
2.5[err]g, 1.5[err]g, 0.5 err]g, 0.25[err]qg. Fi gure 5(b) shows the
results of a Western Bl ot of purified GS38-1FNerr]. Purified I[FNerr]
produced by primary 30 human diploi.d_fibroblasts (lanes 1 and 2) and
GS38-1FN err] (lanes 3 and 4) were subjected to SDS-PAGE (15% . The
proteins were then blotted onto nitrocell ul ose frenbrane and probed with
an anti-IFN err] nonocl onal antibody (Accurate Chem New York.) The
amount sy of 4N EfadtoEYi vohyinwohder8dmyari ous | anes are 0.1 x 10[err],
0.05 x 10[err], 0.14 x 10[err] and 0.56 x 10[err] 1.U. in lanes 1, 2, 3
and 4. The nol ecul aFurtherpi the Sgas-kdadhng dedicat etlustideedi ghre.

WD 96/ 30531 ) PCT/ CA96/ 00174

- 18 -° Fig. 3Hguaksé suitabhyl spphied tachmngepabhatuatbgram of the

ol i gosacchari des associated with GS38-1FN err]; Figure 7 is a hplc
ani on exchatriye whcwamt O¢P ame tiiod hellustodtedsafehaekxamslassini ated with
GS38-1FNJerr] after 5 neuranmm dase treatnent; Figure 8 is a high
resol ut$on Ed. perwipieh obs capahlenaf odgebdind 2 htange gewmbena®f des

associated with GS38-
wafers {substrates) at a time and depositing Al or Al-

Si. Since the deposition of Al or Al-Si undergoes by
a surface reaction at a heated electron—-donating
substrate surface, Al or Al-Si can be deposited from
10 DMAH and H2 {or further with an Si starting gas such
as SiZHG) by a hot wall type of the vacuum CVD method
in which the substrate only is heated.
In thé film formation, Al or Al-Si deposits to
a thickness of 100 - 200 A only on an electron-
15 donating substrate under conditions of the reaction
tube pressure of from 1()_3 to 760 Torr, the substrate
temperature of from 270 to 350 °C, DMAH partial

5

pressure of from 1 X 10°° to 1.3 x 1()—3 time the

reaction tube pressure, (or further SizHG partial

7

o0 Pressure of from 1 X 1077 to 1 x 10™% time the

reaction tube pressure). For improvement of film
thickness uniformity in wafers, the reaction tube
pressure is preferably from 5 X 10 2 to 5 Torr, and
the DMAH partial pressure is preferably from 1.3 X
os 107% to 1.3 x 10? time the reaction tube pressure.

the preferable substrate temperature is from 270 to



| FN[err]; Figure 9 shows the nol ecul ar weight distribution of 10
the de-acidified glycans rel eased from GS38-1FNerr] by MALDI - TOF mass
spectronetry. Figure 10(a) shows the serumlevels of IFNerr] in
rabbits - after subcutaneous injecti@g with 0.7 x 10[err] I.U. of

| FN[ err] produced by GS38 cells ([err]), primary human diploid 15
fibroblasts ([err]) or E coli [betaseron ([err])]. The wei ght of

rabbits injected was about 1.5 Kkg. Figure 10(b) shows the serum

| evel s af | BBPercC] for sappbressing suirdacsubdgrartdons andg gateparigg h 1.5 X
10[err] 1.U. of IFNerr] produced by GS38 cells ([err]), primary human
di pl oi d 20 sabisfhesosy( pentlinuousEfddim. [ bet aseron ([err])]. The wei ght of
rabbits_injected was about 2.0 kg. Figure 11 shows the decay of -
serum | FN[ err] | eveB$iid furthgphi tthe( gosaferdigo dgvdsieed i ntravenously
with 0.7 x 10[err] |.U._of three different kinds of |IFNerr] prepared
from GS38 258ldeptxatpdr ip) Figri fady RdSen syiifedily AppdsdadSs 8 err]) or

E. coli %betaseron Figure 12 shows the dosage effect

of subc® an8BREFgtus f?%f%%%é&ﬁé&?@-Pﬂﬂ[ Pog iddusknadgd s I8 circul at i ng
GS38 /1 EN oL l, f i GS38- FNl e | s in 30
Fabbits (2 ROPUPAPeciBAFdfin i 2RAGHSRS GPBROLS S, hodend @ Tengs) "

, 2. 0 , 1Q0.1 o6 . J.). of GS38
N i1, 2 Ruliobl BE balrekh \eBhEORaRE) B o S0, lant OBt o1 e 1

fromuild tuRcoEricely o biaBs eekefidbbstitadiens/aqt g 3 ggontaining the

EPO instead of the IFNJerr] gene. Ce i ndicated clones (lane _.

| to 14) wepgasegeed gPta 30rficel ReactidndBR! & heitlddl el gditiid®s- Upon G
confluency, 1 m of culture

10 donating substrate surface, Al or Al-Si can be
deposited from DMAH and Hz-(or further with an Si
starting gas such as Sizﬁs) by a hot wall type of the
vacuum CVD méthod in which the substrate only is
heated.

15 In the film formation, Al or Al-Si deposits to
a thickness of 100 - 200 A only on an electron-

donating substrate under conditions of the reaction

3

tube pressure of from 10 ° to 760 Torr, the substrate

temperature of from 270 to 350 °C, DMAH partial

5 3

_pressure of from 1 X 10 ° to 1.3 X 10 ° time the

20
reaction tube pressure, (or further Sisz partial

1 4

pressure of from 1 X 10 ' to. 1 x 10 - time the

reaction tube pressure). For improvement of film

thickness uniformity, the reaction tube pressure is

preferably from 5 X 1072 to 5 Torr, and the DMAH

5

25

partial pressure is preferably from 1.3 X 10 ° to 1.3
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- 19 - medi um was added to each of themand cultured for 24 hrs.

The nedia were harvested and 10 [err]| of each, together with a cont rol
50 ng of human erythropoietin (lane 15) re resol ved by SDS-PAGE and
anal yzed by Western blot using the 5 Anersham ECL detection system
EXAMPLE 1 I dentification of MSV-nNT1 as a powerful pronoter for wld-
10 type CHO cells The strengths of 5 pronoter/enhancer systens
wer € o] <k @?ﬁ@etﬂgrﬁeactlon tuﬁguﬁﬁeggﬁ@é|0tfh8”e'” gene 1

pr onot er flanked upstream nouse sarconma Virus enhancer

(MSV-nMT1: rgidsdsatfe substP&Gért@ﬂ epat&anyslkﬁostzﬁb £é988p Mature 292,
267- 269; MsV is describ Dhar et al (1980) PNAS 77,

3937-3941); for suppﬁé&bﬁﬂéoﬁﬁﬁﬁé@élﬁﬂéréﬁibﬁ fhanptepat YY) ;

RSV- SV40 (a fusion between the rous sarconma virus 20

[ RSV] enhancer

and SV40 eardytjsfamtery; continuou®Syilmuse manmary tunour V|rus | ong

term nal
5 The method for deposition film formatlon,
namely, the CVD method utilizing an alkylaluminum
hydride, particularly an alkylaluminum hydride having
N a methyl group is described in detail.
-

In this method, a gas containing an
10 arganometallic compound, specifically
dimethylaluminum hydride (DMAH):

{Chemical formula) CH3

Nal-#
v

3
15 or monomethvlaluminum hydride (MMAHZ)

CH

{Chemical formula) CH3

“Na1-H

e

is used as a starting gas containing at least one atom

to be a constitutional element of the depos

ition film,

20
6r further a gas containing Si atom as a starting gas,
or further additionally hydrogen as the starting gas
are used. An Al or Al-Si film is formed selectively
on the substrate by vapor deposition.

25 The substrate applicable to this method has a

first substrate surface material for providing a



enhancer/ pronoter (RSV-MMIV); and - SR-[err] pronoter (Yutaka Takebe

et al (1988) Mol . Cell. Biol. 8, 466-472). 25 For this
conpari son, an EcoRI-Xhol cDNA encoding full - | engt h di pepti dyl
peptidase IV (DPPIV) (Hong and Doyl e (1988) J. Biol. Chem 26.3
16892-16898) was cloned into the ?Qspectlve expression vectors so that
DPPI V expressi on was under the control of MSV-nMIl, CW, RSV-SV40,
RSV-MMTV, or 30 SR-[err], respectively For MSV-nmMTl, the DPPIV
Hammm r tl.s of r (Fig.2); for
cw, the WQ&r %%%n%ﬁg §§é8sﬁ§é? g%lg? bf hﬁ oFﬂagﬁgg §§8§§tes of

Rov. sva0, SHSTEaferBarods iy t6h g} SFek b efos 5% Ho90809%e) ) for
RSV- MMV, AfESiragfﬁétffﬁét'Qﬁﬁél?gte sub@heetH§t5P9£1XEQ| sites Of pMAMheo
vector (from C ontech:

PCT/CAgG/Q%M@bsed of an electron-donatlng subs@ane cat al ogue nunber
6104-1; described by Lee et al (1981): Nat ure 294, 228 and by Sardet et
al (1989): J. cel|Th&, electron-donating property is explained in
detail.
An electron—-donating material is such a
material that free electrons exist or free electron is
intentionally formed in the substrate: for example, a
10 material having a surface on which a chemical reaction
is accelerated by electron transfer with a starting
gas molecule adhering on the substrate surface.
Generally, métals and semiconductors are the examples.
Me&als and semiconductors having extremely thin oxide
15 film on the surface are included thereto, since the
electfon transfer between the substrate and the
adhered starting molecule occurs to cause the chemical
reaction if the oxide film is extremely thin.
Specific examples thereof are semiconductors
20 ..such as single crystalline silicon, polycrystalline
- silicon, amorphous silicon and the like; III - V group
compound semiconductor and II - VI group compound
semiconductor composed of binary, ternary or
quaternary combinations of Ga, In, and Al as the Group

05 I1ITI element and P, As, and N as the group V element;

metals per se such as tungsten, molybdenum, tantalum,



271); for SR-[err], the fragnent was inserted into the Xhol- BanHl
sites of pSRal pha/ neo vector (Yutaka Takebe et al 5 (1988) MCB 8, 466-472;

Nilsson et al, J. Cell Biol. 120, 5- 13, 1993). Each
expression vector was transfected i nt_osg:g cells and stably transfected
cells were pooled for each vector. e strength of each expression

vector was then neasured by 10 the protein | evels of DPPIV using
i mrunobl ot analysis W th t he amount of DPPIV detected giving an

i ndi cati é?gyﬁ 1&Yst

Innunoblgt ana §¥?“t5§ et ect dgé n tﬁ ese trans (ﬁ%? T I?s was
performed asth‘ée%‘ﬂdv@%e%él@%&i e &%%é&ﬁ@nﬁ%ﬂf&%&ﬁ%&ﬁ;
8474-8479). Briefly, cells were d with Tris-buffered saline (TBS)

(20 MM Tri s sipHEide, tank2uiMNAGQideanth Iiemextd Acterian th 1% Triton
X-100 in TBS with 1 mM PMSF. The extracts were cleared of cel

debris by cetttarfingatdidicibies, @ra abe diteentam instadls tden@lliningracts was
determ ned using a BSA kit (Pierce Chem cal Co.). About 100
[err]g of prorione of rde ebdvaomatsspentdlveas alumignef exikibare] | s were
resol ved by SDS-PAGE and then anal ysed by inmmunobl ot as previously
(Hong et al al1gggum3 iRrddwnissiumime @PRRIR4 Ahuminye tartAtwnshown in

Fig. 1 show t hat the MSV-nmMI1l expressjon systen1(|ane 2) is much
stronger t h&UHeuTe SHildiGRR HARRSF ySympifeun silicortdpaEym 3o

Description Qf plasmd Based on. t he ove, ower f ul
expresgl on \?3 5 Wq%%s t&&r?é‘(lt”&b 6y ﬁmlhc drive the
expr essi on of ?{el on with two selectlon mar ker s

es | nct i
(the neo gene for t c%&@%ﬁﬁq§9 lh PgLffRls having

10 surface on which Al or Al-Si does not selectively
deposit, namely non-electron—-donating materials
include usual insulating materials; silicon oxide
formed by tﬁermal oxidation, CVD, etc.; glass or oxide
films such as BSG, PSG, BPSG, and the like; prepared

15 by the thermal CVD, plasma CVD, vacuum CVD, ECR~-CVD
methods; and the like materials.

On the substrate of such cohstitution, Al or
Al-Si deposits by only a simple thermal reaction in a
reaction system of a starting gas and hydrogen. For

20 example, the thermal reaction in the reaction system
of DMAH and hydrogen is considered basicaliy as below:

CH H CH

3 3
Nl N\ T o
Al Al +H, —> 2al \L+ acH, T_+ H, ']‘
N/ N\ !
CH H CH,

25 The DMAH has a dimer structure at a room temperature.

The addition of SijzHg or the like causes formation of



35 netallothionein gene I A for cells that have integrated mul tiple

copies of the vector into their genones). pMMIC (Fig. 3) is a
manmal i an cel | expression vector. WO 96/ 30531

PCT/ CA96/ 00174 - 21 - The gene to be
expressed is cloned into Xhol and/ or~Ndf 1~ sites so that the expression
of the gene is driven by a ~control region (MSV-nmMI1l) that conprises the
nouse sarcona virus enhancer (MsSV) and the nouse netallothionein gene 1

> Promoyer . afhes o pé@sefggﬁozemw@l&alx@s&x&aw@m site serve

to term naté I on ropér control of

post -transc t e s flanked
pst r cam wi T1F HEBE SEEREe decomppse Y o P Paca TR car

pronot et angbdOr SONNSHE SRR byeémt Y4 0s $pis CiRGorpEr8tedandntbethe
pol yadenyl ati on site. This neo expression unit confers transfected

manmal i an ceilm. r eBr6h AMMEH ] caedet hEgh qedl1BYy Alasdualisbeconfers upon
transfornmed E.coli. resistahce to kananmycin. 15 The pBR322 origin
of repl pcatdepogred. seiorvsves, tMMAH,, which has a vapor pressure

as low as 0.01 to 0.1 Torr, cannot readily be

transported in a large amount, thereby the upper limit

of the deposition rate being several hundred A/min or

below. Therefore DMAH, which has a vapor pressure of

10 1 Torr at room temperature, can be preferablv_used.

The aluminum film prepared by the above.method
assumes a single crystal structure, excellent in
surface smoofhness, anti-migration characteristics,
etc., having low resistance and extremely superior

15 characteristics for wiring and use of electrodes.

In deposition of an aluminum film from an
alkylaluminum hydride, the temperature of the
substrate is selected within the range of from the
decomposition temperature of alkylaluminum hydride to

20 be used to 450 °C, more preferably from 200 to 350 °C,
still more preferably from 270°C to 350 °C.

The mechanism of aluminum deposition is
considered as described below referring Fig. 5 at the
moment.

When DMAH reaches, with its methyl group

25

directed to the substrate sides, a substrate in a



‘origin for autononmous replication of the plasmd DNA in E. coli. The

human netal | ot hi onein structural gene Il A which confers resistance to
heavy netal ions such as Cd[err] on manmal i an cells, was used to sel ect
for mammalian 20 transfectants that have integrated nultlple copi es of the
pl asm d. Construction of manmal Tad3expression vector pMVTC

Plasm d pRSN (Low et al., JBC 266;19710-19716, 1991) 25 was cut with the
restriction enzynme BanmH and resol ved by agarose gel electrophoresis. A

oot a1 ad"F Medte 200 Br8Rogen 2rdRS, f8e Bifatndd o 3 FRERLFRRAITN
col |5 and EygohisndQouo = ELaSTh BB Voh PRILEBEL 20 &1 AUYERGNUTDET 27 4390,

see Fig. 4 an ription) was cut wt restriction
enzyme Bam*élé@%éﬁ@ﬂ(ﬂ&at §ﬂ) Wi mecaiéctroh%ESEh@%usékﬁétae phosphat ase
(ClLAP). After being resol ved by agarose gel el ectrophoresis, a BanH

fragment 35c@ts adénd Hotheenog1gRinGMr ahded. mdbhel 4§¥8upp (Figgnent
contains the pBR322 origin of replication in E coli, the Ampicillin
(ATp) resi s$BNaed 0BDE. anth@m €XPt €681 98 a8sselow.
(CHB).ZAIH + 2H + 2 — 2CH4T + Al-H
The similar reaction proceeds with the hydrogen
remaining on aluminum having deposited and having free
electrons (Fig. 5D). If hydrogen atoms are
10 defficient, a hydrogen molecule being the starting gas
decomposes to supply hydrogen atoms. On the contrary,
on a non-electron—-donating surface, the above reaction
does not proéeed owing to lack of electrons, causing
no deposition of aluminum. Incidentally, Figs. 5A to
15 5D are to aid understanding of the reaction mechanism,
so that the numbers of H, e and Al are not consistent
Exanples of experiment regarding gas
transportation by using a gas-feeding device of the

present invention are described below.

20 Experimental example 1

Into an organometallic compound contained in
the metallic container 10 of Fig. 1, hydrogen gas was
introduced through the metallic pipe 4 af a flow rate
of L sccm. By utilizing the gas switch 19, hydrogen
gas was fed to each of.the pipes 11 - 17 at a flow

25
rate of (L/6) sccm in pulse at a timing shown in Fig.
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- 22 - conposed of the npbuse sarcoma virus enhancer and the nouse

nmet al | ot hi onein gene 1 pronoter followed by a nultiple cloning site and
the SV40 splicing junction and polyﬁgenylation signal. 5 Thi s 4570
bp fragnent was ligated to the above 2685 bp BanH fragnment. The
resulting plasmd was naned pMMIN (Fi g 2). Aplasmd phMr (Karin et al
(1982): Nature 299, 797- 802) was cut with Hndlll and blunt-ended with
Klenow 1 fr.agneito GadiNi 115d y NEli@SGas . wés 3468 bpr f4 agimatoers 1, cont ai ni ng

t he human netal | ot hi onein gene Il A was gel- purifi ed. Pl adni d pMMIN

was cut w tdndcdie (gds ofas sstopied fortaectimpiof IT%n r'Blsé spantialene),
treated with Cl AP, and then ligated with the 3100 bp fragnent obtai ned
from phM. pressure T DMAdt was oicasiised | yat the oas 7rbhewbngedutnto E. 15

coli. Selection was perfornmed for kananycin resistance (conferred by

t he neo gerd@emrihengrlekininety Qﬁu‘éa’é‘be@h'él andjhsertion of the 3100 bp
fragment into the structural_ gene for Amp resistance). The final

pl asmi d5const ruct s Shown il Fakte pi . r%%‘?’ill%‘flbﬁ‘\eeﬁz%erﬂae@fi on and was
named 20 pMMIC. pMMITC i s about 10350 bp in | ength. GENECOLOGY: pBPV
(12516 bp) hydrogen g(%cqfecﬁ%es?ﬁmbe?%er%ﬁ‘%ﬁ ‘t’%s ARt inedi At tRe

ref erence) 25 N%y enhancer ﬁg%ﬁ) Dhar, R_et al, Proc, Natl.
Acad 7 yin the outgqjpg frydnogen

gas, which is equal to the saturated vapor pressure at
room temperature. The variation of flow rate of the

10 outgoing hydrogen gas was within 1 %.

Table 1

L {(sccm) 100 100 300 300 600 600 800 800
15 T1 {sec) 30 60 30 60 30 60 30 60

Tz (sec) 5 10 5 10 5 10 5 10

DMAH partial

pressure (Torr) 1 1 1 1 1 1 0.8 0.8

20 Experimental example 2

Measurements were made in the same manner as
in Experimental example 1 except that argon gas was
used in place of hydrogen. The results were similar
to those in Table 1. Even at the flow rate of 600

o5 sccm, the DMAH was transported with the outgoing argon

gas at a partial pressure equal to its saturated vapor



*BamHl / Bgl | |

bp) Nuc 1-295 *3'-end of netallothionein pronoter (368 bp)
Ganville, N et al Nature 292 267 (1981). 35 Nuc 300- 68
*Multiple cloning site and additi onal cl eotides from construction
CTCGAGCCGCGECCECTTCGAGG WO*9%6/ 30531

PCT/ CA96/ 00174 - 23 - *SV40 snal
T-antigen splice (612 Patent Bulletin No.) and pol yadenyl ati on (235

Patent-Bpll%géggg%églsignals

Vi ruses,

4713- 4102 apgrdiisieandd exampddy 3genone (7945 bp)
Nat ure 299, 529 (19827~

d Spring Harbor Laboratory, pg 799 (1980), 5

Nuc 4451-7945 and 1-4450 *pM.2:

derivative of pBR32ZAnriy.a 1delLhictaibelipRehaRasnes five small

10

15

20

25

openingé-was used as the tip of the respective pipes
11 - 17. Into an organometallic compound contained in
the metallic container 10, hydrogen gas was introduced
through a metallic pipe 4 at a flow rate of L sccn.

By utilizing the gas switch 18, hydrogen gaé was fed
to each of the pipes 11 - 17 at a flow rate of (L/6)
sccm in pulse at a timing shown in Fig. 2. Into each
pipe, the gas was fed for time T1 and the gas was
stopped for time Tz. The partial pressure of DMAH was
measured in-the gas 7 flowing out from the outlet pipe
5 at varied T1 and TZ'

As shown in Table 2, even at the flow rate of
hydrogen gas of 3000 sccm, the DMAH was contained at a
partial pressure of 1 Torr in the outgoing hydrogen
gas, which is equal to the saturated vapor pressure at
room temperature. The wvariation of flow rate of the
outgoing hydrogen gas was within 1 %.

The carrier gas may be an inert gas, nitrogen
gas, hydrogen gas, etc. For aluminum deposition,
hydrogen gas is especially preferable since hydrogen

atoms affect directly the aluminum deposition.

Buchman, A.R et al DNA Tunor

a

| i nker -CCGGATCTG 30 *5'-end of netall othionein pronoter (295

Nuc

Chen E. Y. et al



10 1,095 and 2,485 (2,632) bp) (1) Balbas. P., et al Gene 50.3
(1986) . (2) Sarvor. N. et al Proc. Natl Acad. Sci USA

79, 7147 (1982). Nuc 376- 1095, 2485-4363 and 1-33 15 *Bgl |1/ BanHi
| i nker GAGATCCGG EXAMPLE 3 _lpsertion of human [err]-interferon
expression DNA into pMMIC The ?err]-interferon codi ng sequence was
retrieved from20 human genom c DNA by PCR with two ol i gonucl eotides. The
5' ol i go ( GGGGTACCATGACCAACAAGIGICTCCTC was nodified in such a way
that the segmsnsez (CCACCATG around the initiation ATG codon favours
efficient translational initiation (Kozak (1984): NAR 12,857-872). The
sequence of the 3' oligo was 25 GGAATTCTTCAGITTCGGAGGTAACCTGI. Thi s
nodi fi ed exXpression sequence for Jerr]-interferon was inserfed into the
Xhol and L {Neddmpites of pOMMTC300hes0Oses00080Q0OA3000r €0D0OKDEDE at i on

was confirmed by restriction mappi ng, PCR or sequenci ng. The resulting
pIasnid'masrfahsdchWﬂCYIFN[éﬁr].GGO 30 EX®0PLE3@  60Est &bl i sbgent of CHO
cell clones that constitutively secrete high levels of functional hunman
[err]-iﬁtefrfrbmeC) CHGbcel18 wer® trafsfecbed Wbth pMMICABFN err] as
35 described (Lowet al., J. Biol. Chem 266;19710-19716, 1991). Cells
wer e sel ectRMAH no@a18al800 [err]g/m) for 7-10 days to allow growth of

stably transfected cells. The
pressure (Torr) 1 1 1 1 1 1 0.8 0.8

Experimental exanmple 4

10 A gas—-feeding device illustrated in Fig.3 was
employed. In the device, the metal pipe 4 inserted in
the organometallic compound had 100 small openings 5.
Hydrogen gas.G is introduced through the metal pipe 4
-at a flow rate of L slm. The DMAH partial pressure

15 contained in the hydrogen gas 7 flowing out from the
outlet pipe 5 was measured.

As shown in Table 3, even at the flow rate of

hydrogen gas of 10 sim, the DMAH was contained at a
partial pressure of 1 Torr in the outgoing hydrogen

20 gas, which is egual to the saturated vapor pressure at
room temperature. The variation of flow rate of the

outgoing hydrogen gas was within 1 %.

25



WO 96/ 30531 PCT/ CA96/ 00174

- 24 - cells were then incubated in nediumw th 50-100 [err]M Zn[err]
ions for 24 to 48 hr to induce the expression of human met al | ot hi onei n
and then incubated in a mediumw th step _ W se increasing concentration
of Cd[err] (final concentration 5 200 [err]M. Individual colonies was

cl oned and expanded. The culture mediumfromthe cloned cells

accurul ated [err] - interferon to a concentration of 106 |I.U./m or nore
and 0] eabliel 3U. or nore of [err]-interferon was secreted by 10[err]
cells in at nost 24 hr. 10 Exanpl e 5 Production of human
[err]-interferon in CHO cells Wl d type Chinese hanster ovary
cells CHO K1 Iine (ATCC CCL-61) were propagated in Dul becco's M ni nmum
15 Essenti all. Nisdim)m (DVEM) contai @5y 10% f%t al Sdl f sdradm 12.0Cells were
grown at 37[err]C in an atnosphere of 5% carbon di oxi de. These cells
wer e transf &MAEd parttiatlhe pMMIC/ | FN err] plasmd to secrete
constitutively high I evels of functional human [err]-interferon. Cells
wer e sel®ct edpaesgager (Bexrln 20 Béanple 4 1 Buring @48 sel ection
with Cd[err], clones of transfected cells were nmeasured for the
antiviral activity

Experimental example 5

Measurements were made in the same manner as
in Experimental example 4 except that argon gas was

10 used in place of hydrogen. The results were similar
to those in Table 3. Even at the flow rate of 10 slm,
the DMAH was transported with the outgoing argon gas
at a partiai pressure equal to its saturated vapor
pressure.

15 The gas—-feeding device employed in this
experimental example was found to be preferably
applicable to a deposition-film-forming apparatus of
vacuum CVD for selective deposition of an Al or Al-Si
film of superior quality on a substrate as an

20 electroconductive deposition film in the same way as
the gas—-feeding device employed in Experimental
example 1.

Experimental example 6

A device illustrated in Fig. 4, in which five
25 piezoelectric atomizers 34 were installed, was used

for transporting an organometallic compound, DMAH.



of [err]-interferon to show that they were constitutively secreting

hi gh | evel s -of functional human [err]-interferon. 25 Antiviral activity was
nmeasured according to the nethod of Arnmstrong (Arnstrong, Applied

M crobi ol ogy 21, 723, 1971) modi fi by including 0.2 [err]g/m of
actinonycin Din the vi ral challeﬁg and reacting the viral -induced
C.PE directly. Fromthese neasurenents, individual colonies 30 were

i sol ated and expanded. |ndeed several |ines were found to produce

1oLt i 1L 14 thdiggled shlndl ofoTen gl o 10

plastic ro ottles. ese C I'I nes,

Tai Al nod 441 o SIS OV S NP A Gdrdid Pidddyrg 0 R ntal n @

35 consi st ent evel of [err]-interferon production. e (S38 cel

line vwas Maidd ajdifirddd RIASHIHE WpdidEdh fdaske1dbiliglout from AEM
containing 10%fetal calf serum 100 [err]g/m WO 96/ 30531
PCT/ CA96/ OQtdiet pipe 9. - 25 - penicillin, 100
[err]g/mM streptomycin, 2.5 [err]g/m anphotericin and 150 [err] M zinc
sul phatg ("regul ar yeEdhowy .indEalskedi Ngeven @ thde ik Fotd | &F
(1700cnferr]) was done by adding a culture

hydrogen gas of 10 slm, the DMAH was contained at a

partial pressure of 1 Torr in the flowing-out hydrogen
gas, which is equal to the saturated vapor pressure at
room temperature. The wvariation of flow rate of the

10 outgoing hydrogen gas was within 1 %.

Table 4

L {slm) 0.5 1.5 5.0 10.0 12.0
15 DMAH partial

pressure {Torr) 1 1 1 1 0.8

Experimental example 7

Measurements were made in the same manner as
20 in Experimental example 6 except that argon gas was
used in place of hydrogen. The results were similar
to those in Table 4. Even at the flow rate of 10 slm,
the DMAH was transported with the outgoing argon gas
at a partial pressure equal to its saturated vapor

25 pressure.

The gas—feeding device employed in this



flask (80cnferr]) of GS38 cells into one 1700cn? roller bottle 5 and the

~cells were maintained in 200 m of regular nedium The medi um from
the roller bottle was discarded on day 2 and day 4 and replenished with
200 m of fresh regul ar nmedi um eachgdinme. On day 6, the regular nmedium
was di scarded and the roller bottle was replenished with 300 m 10 of
serum free DVEM nedi um which contained 2.5 ng/m - of human serum al bum n
containing the list of additional ingredients listed in Table 1
("ser Umfre%iﬂ’éy'ﬂﬁ@ﬂtal examﬁ_ﬁe{;’lv@as1 fcound to be ref&f&‘@ﬂj‘ent _
Conc. Penicil | [ er r‘i Streptonycin
100 [eﬁfﬁigé:mléoto é\r@é@éeﬁm@-ﬁlm—fomﬁg 5apparat{1§r61=g/ m
Znsg err] [err] M EX- CYTE (trade nmark) 1:1000
Transfefrin vacuum CVD Qoﬁ Selectivs rdgpodition dNsak iml or Al-Si 5
[err]g/m 25 EX- CYTE i s an aqueous |iquid supplenent from human serum

sol d by Bayefilm|df rmaperiiBA quality on aGubstrdte tdee amrum free nedi um
was di scarded and 30 repl enished with another 300 ml of serumfree medi um
n day &lecrecondudtive ndeposd tben afblm i sthe deamerday asrepl eni shed
wi th another 300 m of serumfree medium On day 9, the serumfree

nedi um (300 tHS RS fREIERY Ieuice employed in Experimental

examples 1 ~ §.

10

15

20

25



repl eni shed by another 300 m of serumfree nedium This 35 harvesting

procedure was repeated daily for another 14 days. From each
roller bottle, a total of about 4.2 litres of GSSHﬂ lﬂdmﬁﬁmxnkel
[err]-interferon (or GS38-1FNerr]) was harvested. I”}H'H‘“Wﬁ 30531
PCT/ CA96/ 00174 - 26 - 106 to
3.6 x 10[err] I.U. of [err]-interferon was obt ai ned per

harvest from GS38 cells. This is equivalent to 1.35 ng to 2 ng of

GS38- IFh[er . roller bottle of GS38 cells from about 5
ng to 6. “hAﬁe ADGED 38-1FNJerr] from21 litre of crude harvest
per day. _The cryde %S%A-Fﬂ\é[e-afd délﬁibé)tfdilﬁiadﬂxd]%ngenelty had a
specific activity of 5.37 x 10[err] % U /nmg of protein (bovine serum

al bum m) , stangardig Eggaé ¥ B i bh-SBl st daition by athdll H reference
standard di stri buted the Natl. Inst. 10 Allergy and Infectious

Di seases; Ndiendiol vapor depddit iar westhed, wanter 3538y I&N err] was pool ed
and subjected to purification by a conbination of affinity and i on
exchanges colanmtechherndisogiraphy gnadd i ot i disgieargislg sthe starting

gas containing an organometallic compound by
introduction of a carrier gas; a gas—-introducing means
connected to the container and having a plurality of
gas—introducing openings for introducing the the

10 carrier gas or the starting gas into the container to
generate the starting gés; and a gas generation-—
accelerating-means for accelerating the ggneration of

the starting gas.

15 2. The gas;feeding_device of Claim 1, wherein
the gas—generation-accelerating means is a gas-—
switching means which fgrns on or turns off feed lines
of the carrier gas to the plurality of gas-introducing
means to distribute the carrier gas tﬁréugh a turned-

20 on feed line.

3. The gas-feeding device of Claim 1, wherein
the gas-generation-accelerating means is an ultrasonic
oscillator.

25

4. The gas—-feeding device of Claim 1, wherein

QT



J. Biol. Chem 254, 8067-8073, 1979; Edy et al,
5934-5935, 1977; Knight et al PNAS USA 73, 520-

J
Thi 3,..1976). Pure
GS38-1FNerr] was obtained with about 70-80% regy as ged
GS38-1FN[ err] when anal ysed was found_tg be ho tﬁ ing to the
following criteria of honogenei ty: b - As r mass of

an apparent nol ecul ar wei ght of 26,300 was observed on SDS- PAGE
(15% (Fig.5a). This is simlar to the nol ecul ar wei ght of

a natural] ([ehé]ghdl§ehErLPiHROHNEE e PNt Ph MRENNEUIBNan atomizesl Pl 0i d
foreskin fibroblasts after the superinduction 25 procedure of Tan et

al (1970 ande&&f@%iﬁgeé Pigzobbectric elemeiot €ot 8féct hendroad range

nol ecul ar wei ght narkers obtained fromBlI O RAD were slightly

di fferent frongahiemetallic compsundefinas pisvi ststg.reported by oursel ves
and others. The identity of these [err]-interferons (GS38- 30

| FN[ err] "and human fi brobl ast-produced [err]-interferon) were

verified by Western Blot (Fig.5b) to belong to a si ngl e average
mol ecul ab mass of 269300The gas-feg@ingsdeyéeecdftdnyippre (PEW ett Packard
1090) C18 . col um chronatogra%hg, t he groifln geak of .the 35
materi al corPE8WRdLdTAi fectRGTRI R HEPROGERNOPPERLLIIC Compound; {fty of

i nterferon. dimeéhy1¥%§£13381ﬁ%&%fdé? am no aci d sequencing, the

Biol--15- Chem- 252,

N 6. The gas-feeding device of Claim 1, wherein

10 the carrier gas is hydrogen.

7. A gas feeding device for feeding a
starting gaé for deposition-film—formation by the
chemical vapor deposition method, comprising an

15 organometallic compound-storing means for discharging
the starting gas containing the organometallic
compound by introduction of a carrier gas; a plurality
of gas—introducing members for introducipg the carrier
gas into the storing means; and a gas switching means

20 - for turning on or turning off feed lines of the
carrier gas connected to the plurality of gas-
introducing members, and for distributing the carrier

gas through the turned—on feed line.

25 8. The gas—-feeding device of Claim 7, wherein

the feed lines of the carrier gas to the plurality of

L



WD 96/ 30531 PCT/ CA96/ 00174
- 27 - mat eri al had the sequence of ([err]-4 rferan
The amount of GS38-1FN err] produced by GS38 cells oleehEl’tS IﬁaS%ee" ¥y laceﬁi/\/as
found not to change nuch. The cells progduced from 2[ HWHIE EO[err]
.U /m of GS38-1FNerr] throughout that 5 period. | ogi cal
activities of GS38-1FNerr] were assayed. The [err]-interferon from
primary human fibroblasts referred to bel ow was produced fromearly to
m d- passpge gRs-TR-ddutERg menbres kire fidrmdd ani orcaafBdmE® the
superinduction nethod 10 of Tan et al (1970) with additional primng of
cells by 10&ith deldysofof] arimingit erferon about 16 hours before

superi nducti on. The resulting [err]-interferon was purified by affinity
chromat ography. The five activities which were assayed are: 15 1.
Antiviral activity of [err]-interferon was assayed on, ei ther human MRC5
fibrobl asts or humaf?-heg@coassitaading |device Qe Qi) grhepeime

nodi fi ed nmet hod of Arnstrong (1971). Accordingly, the %gecific activity
of GS38-5 FNE&GH Afadhs plurality) gf, 9as7infygqpoing aspRera i8S & in MRCS
human fi brobl asti,zo O&nd ref.erenced to the N I-é_%e r]-interferon standard.
The ant IRl 148t of OFSor EEESUERE Fe i pfr@ e ixe 4 | east
equal to or 1.5 tinmes.nore effective than natural [err]- i nterferon
from human &5 dlS’Ité.’s?‘hgeﬂrganegﬁﬂﬁrﬂ[ceﬁﬁmq%u 'S0 about 2.2 tines nore

effective than betaseron (reconbinant 25 human [err]-interferon produced
in E.coli) in protecting HepQ& cells against a viral VSV chall enge.

2. Cell growth inbighi i gB-a333% Wy [RVicd HY idiing a

10 starting gas for deposition-film-formation--by the
chemical vapor deposition method, comprising an
organometallic compound-storing means for discharging
the starting gas containing the organometallic
compound by introduction of a carrier gas; a gas-

15 introducing member having a plurality of small
openings for introducing the carrier gas into the
storing means; and a ultrasonic oscillator arranged in

the storing means.

20 11. A gas—-feeding device for feeding a
starting gas for deposition-film—formation b§ the
chemical wvapor deposition method, comprisigg a
container having a space for discharging the starting
gas containing an organometallic compound by

25 introduction of a carrier gas; and an injection means

for injecting the organometallic compound in a mist

I



{(Tan, Nature 260, 141-143, 1976) on the human hepat obl astoma cel |l s as
described for primary human cells 30 but applied to Hep& cells was

performed. However, the assay was perfornmed™inm 2 tnferr] wells
containing 1 m of regul ar nmedi um an initia & cell count of 3
to 5 x 10[err] cells/well. Accordingly, GS38- g eplacedf f ect i ve
as natural primary human di ploid fibroblast [ ﬂ H f in 35
inhibiting Hep&Q2 cell growth as nmeasured by this i say.

3.  Phaf macaldeietino ofhs Ubsataieewsl y injected [err]- WO

96/ 30531 . PCT/ CA96/ 00174

- 28 - interferon was perforned in rabbits. Purified [err]-interferon
fromeither GS38 or primary human fibroblasts, or betaseron from

E.coli, "was separat €13. r cllonsgasvfeedimg denied dfirlaim 1terum al bunin in
1 m of phosphate buffered saline (0.15M 5 NaCl) pH 7.0 contai ning 20 ng
trehal ose. OEeneiln@ greans for dengrating |energy égrith%rferon was
separately injected subcut aneously into the back of albino rabbits of a
wei ght 5 Jmigsfiton meags ot aiezoeleriripisnany. Whol e

bl ood (500 [err]l) was withdrawn fromthe rabbits at

13. The gas-feeding device of any one of

Claims 7 to 12, wherein the organometallic compound is

£

dimethvlaluminum hydride.
10
14. The gas-feeding device of Claim 13,

wherein the carrier gas is hydrogen.

15. A deposition—-film-forming apparatus for

15 the chemical vapor deposition method comprising:

(1) a gas—-feeding device comprising a container having
a space for introducing and discharging a starting gas
containing an organometallic compound for formation of
deposition film by aid of a carrier gas; a gas-

20 introducing means connected to the container and
having a plurality of gas—introdgcing openings for
introducing the the carrier gas or the starting gas
into the container to generate the starting gas; and a
gas—generation—-accelerating means for accelerating the

25 generation of the starting gas;

(2) a reaction chamber connected to the gas—-feeding

L



10 15 nmin., 30 mn., 1h, 2h, 3h, 4h and 5h. Serum fromthe-- - -drawn bl ood
was then assayed for the antiviral activity of i nterferon

according to the nodified nmethod of Arnstrong jiﬁiths are
[

presented in Fig. 10 (a) and (b) shgyi ng t hat

hi gher bio-availability than 15 [err]-interferon pr

human fi brobl asts and bet aser on. The maxi mum | evel of
GS38-IFNerr] (128 - 256 I.U./m) occurred after 1 hour, and

signi fi cant dexdste o XBBIBiveNtherftartipgigagsfedUtherpiner anfiound for at
| east 5 hours in the 20 serumof rabbits injected with 1.5 x 10[err] I.U.
of GS38-1FN €t} ]an exhapstingsmepespeepBeacted tq ‘gléﬁeraacymnom t hat

subcut aneous or intramuscul ar injection of human éerr interferon
resul ts in fPIRPLeHW R reFRPBFEIRIoFNE| FERAFRIPRGC ambﬁﬂnan
[err]-interferon. 25 4. Phar macoki netics of a neat intravenous
bol us of [err]-interferon in rabbits was al so perfornmed. 1 m of each

ki nd of -interf GS38- | F t | { d d
from pr i Fary. hL”mﬁrff%?Bbﬂfla%t% Sriesathy; dEvigd ok ch riﬁiﬁﬁra. ning

i mat el t f ' f 10 U
was. i nj ect od IR @1”%’3%%%3%‘@ Bk opcrreoLFbaE RS obtde 17 PuHEDa { hat awn
at 5 mn, 10,y Yy 2 Th0rn@0 00r T dendNSe 2OELTN g o2y e Tor

t he antivira ac% VI err eron accordi ng

The half-11 14 ?’i‘f%r%f@%‘%‘“’ %ﬁﬁ%‘?f EREEEEY oF S9E ndiotlerhd o Thary

human fi br obl&asis pwcwféa@r{ﬁifé 1 CE4LF PO gas (élﬁféﬁ&n “a’tfrfbgL or

betaseron (t[err] = 3.8). According to
10 on feed line.

17. The gas—-feeding device of Claim 15,
wherein the gas—generation-accelerating means is an
ultrasonic oscillator.

15

18. The gas—feeding device of Claim 185,
wherein the gas-—generation-accelerating means is an
atomizer employing a piezoelectric element to eject
the organometallic compound in a mist state.

20

19. The gas-feeding device of any one of

Claims 15 to 18, wherein the organometallic compound

is dimethylaluminum hydride.

25 20. The gas—feeding device of Claim 19,

wherein the carrier gas is hydrogen.

R

i
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WO 96/ 30531 . PCT/ CA96/-00174
- 29 - st andard net hodol ogy, the total anount of [err!-interferon

i njected was divided by the blood vol ume to esti mate Hyjgheet Has L
concentration of [err]-interferon at tinpe zero. The L was
assunmed to be 5% of the body wei ght of The 5 rabbit. cay to

50% of this starting concentration was tferr]. 5. The dosage
effect of injecting increasing anounts of GS38-IFN err] was

I nvesti gat ed. Rabbibﬁ.of g?g§gsgt§g W%&?m—fothB?f%@ﬁg?gaﬁ#iQQﬁpusly W th

I ncreasi ng amounts of GS IFN[err], in par 1.2 x 10[err]

.U, 2.5 X4l ehehikald. vﬁ%@r depb@ik ibnl bl kboMpralsideds-1 FNLerr]. The

results in Figure 12 show t hat increasing doses of GS38-1FN err]
injected  (13ubCybangeedingPHepatel eoripriding easorigamomasiial e | evel
of GS38-IFNerr] in the serumof the injected rabbits. 15 Exampl e 6
Anal ysi s of compaasdeshtaridgs meansc fatred isichiargSag th @tgrting
GS38-1FNJerr] is a glycoprotein. The oligosacchari des . associated with
GS38- | FN er gpsweeatgdavingt ghev organemesdadd igngomporadovwar ed. The N and 0
li nked glycans were released by = treatnment with anhydrous hydrazine. In
this proceddpdrodystion gfofeCRTFAERHOFE ifOTCc SPPostiddomifd i no acid
hydr azones. | nt act reducing§glycans are separated, recovered and

a

| abel | ed f| §6FPRELLPPGaR PLRFER 13YaREngRS AR rgducing members for

introducing the carrier gas into the storing means;

and a gas switching means for turning on or turning
10 off feed lines of the carrier gas to the plurality of

gas—-introducing means, and distributing the carrier

gas through a turned-on feed line,

(2} a reactibn chamber connected to the gas—feeding

device to receive the starting gas fed therein, and
15 {3) an exhausting means connected to the reaction

chamber for exhausting the reaction chamber.

22. A deposition-film-forming apparatus for
the chemical vapor deposition method comprising:

20 (1) a gas feeding device comprising an organometallic
compound-storing means for discharging the starting
gas containing the organometallic compound by
introduction of a carrier gas for deposition film
formation; a gas-introducing member having a plurality

25 of openings for introducing the carrier gas into the

L



25 More specifically, a sanple of GS38-1FNerr] (1-2 ng) was

subj ected to vigorous sanple preparation, involvi Lhd.S@at i on (<50
mll Torr, > 24 hours), introduced to a €] yC(l)‘mgShwHaéI)!é3 55 alcerﬁig d yco
Systens, GB) and the ol i gosaccharggles were reﬁ%ﬂﬂﬂlﬂﬁ gver ed using
the 30 "N+O' program The sanple was fl uorescent!l |

reductive am nation wth 2-am nobenzam de. The sanpl e was then
applied to Wiat man 3MMV chr omat ogr aphy paper and subjected to ascendi ng
paper 1 stiordmea swpanshy angd @y ul-inasowid a@sehbldver eingalled. The 35

| abel | ed sanpl e remai ning at the origin was subsequently eluted with
wat er. Thild! g SHAEeREE0S t he guantitative (and non-sel ective)

recovery of the total_ pool WO 96/ 30531 .
PCT/CA@B/d@ﬁ%@ reaction chamber connected to thqxgas—feedfﬁg

ol i gosacchari des associ at ed th the GS38-1FN err], sanpl e as
D it mobe G Seadda <l o St Fed tnéigtn e 88d ot | apel | ed

| i id f ti t ed d I d foll : 5 Th
abol 160 g e EREIAE o FE o SR 1o Chete FoaGhiPBe i otri buti on

by h pI ¢ arc]:IhC)arx]x:bee)(I'C r}g%x%%ru%@tn%g rt@!%h yreac t ion chamber.

23. A deposition—-film—-forming apparatus for
the chemical vapor deposition method comprising:

10 (1) a gas feeding device comprising a container having
a space for discharging the starting gas containing an
organometallic compound by introduction of a carrier
gas for deposition film formation; and an injection
means for injecting the organometallic compound in a

15 mist state into the container,

{2) a reaction chamber connected to the gas-feeding
device to receive the starting gas fed therein, and
(3) an exhausting means connected to the reaction
chamber for exhausting the reaction chamber.

20

24. A gas-feeding device suitable for use in
chemical vapour deposition or a compment therefor
comprising means for accelerating a gas and/or switching
means between a plurality of gas supply lines and/or an

25 ultrasonic oscillator that can act on a starting
material and/or means for injecting starting material

into a mist and/or means for exhausting a reaction

B

chamber.



‘Accordingly, an aliquot of the total pool of 2- am nobenzam de-| abel | ed C;
ol i gosacchari des was subjected to hpl ¢ ani on exchange chronmat ography on
a AdycoSep C colum 10 (Oxford dycoSystens, GB) using acetonitrile and
anmoni um acetate as eluent. The | abalzl ed gl ycans eluted fromthe
colum were det echSJFEEDING! bEVECBHOARDEDEPOSE TIEN I'E E2AF IEGRMING
[err] enF450mm The resul t ARPARATOSBEMPLOYING THOVSANE Fi g. 6. | t
is showmn fromFig. 6 that the oligosaccharides 15 associated with
GS38- | FN[ er ABSTBASTSsOFoTHEODASOBROSURE and aci di c conponents. To
determ ne the nature of the acidic substituents, an aliquot of the
total pool of fluorBrovadeg is a| gberfeaddnggdenichafpdeferddnoneaubat ed
Wi t h neur am ni dase (derived from Art hrobacter ureafaciens). An aliquot
was 20 agalﬁt§U§P@€t€§St§°€l9§§s§pt€0§hfé%ﬂrégraﬁhyonTh§ the resul tant
chromataogramis_shown in Fig. No aci di ¢ ol igosacchari des wer e
det ect abl e @hemical VPH@HbQ?P@ﬁlﬁPPH pRELALYr GARRF484BI Bence, the
ol i gosacchari des  t hat carré an aC|d|c suhstituent do so 25 only because

[

they poSsesSORt@iGeFeheryPi Ak8RarEn? PEdG&FﬁBarangeFﬁ?néFaGGP f.armsialic
aci d residue. el.ative no nt of neué 83 and acidic
d~by

oI|gosaccha??ﬁegopgafﬂéngo?ﬁlorganBBSQaigécng@PﬂFﬂ integration of the

h t k h I R :
Neutral 0 8Bk EaousrRBa e 5 Bpbhiet GalroH! bigSE R« f8ah8:HE"Poatly |
s.d. = Standééﬂngé¥éétk@nthe3éonga1ne§'éﬁddh§§ih§5 B@u?élﬁﬁ? et al pool of
ZfaC|d|f|ed ol i gosacchari des rel eased from 38- | [err An

Fquot of ghe-1AtabANEYhgObpdAdshdi FbediRtroducing the the

10 carrier gas or the starting gas into the container to
generate the starting gas; and a gas generation-
accelerating means for accelerating the generation of

the starting gas.
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WD 96/ 30531 PCT/ CA96/ 00174 %
- 31 - am nobenzam de | abel |l ed ol i gosacchari des was subjected to

hi gh resolution gel permeation chronatography using the RAAM 2000
(Oxford dyco Systens, GB). The resul ti gel perneati on chromatogramis
shown in Figure 8. As a note of 5 explaﬁitlon the fluorescently |abelled
deacidified ol i gosacchari des were suspended in an aqueous solution of a
partial acid hydrol ysate of dextran, and applied to a RAAM 2000 (el uent
of water, maintained at 55[err]C, constant flow 80 [err]l/m n over 10.6
hours). Detection was by an in-line 10 fluorescence flow detector (to
detect fluorescently | abel | ed sanple), and an in-line differential
refract omet er (to detect individual glucose oligoners).

Nunerical superscripts in Figure 8 represent the el ution position, of
the non-fluorescent, co-applied, 15 glucose oligoners in glucose units
(gu), as detected si mul t aneously by refractive index. The hydrodynam c
vol ume of individual 2-am no-benzam de | abelled ol i gosaccharides is
measured in terns of glucose units calcul ated by cubic spline

i nterpol ati on between the two 20 gluzggﬁfﬁllg mers imedi ately adjacent to
the fluorescently




t abel | ed ol i gosacchari de. It is clear that at | east 6 discrete

ol i gosacchari de are identifiable within the dextran calibration range,
and their effective hydrodynam c volunmes are as follows: 25

20.7 gu 14. 5% 17.6 gu 23. 4% 14.5 gu

29. 8% 12.2 gu 26. 4% 3Q /7 11.1 gu 2. 1%

1.0 gu 3.8% Annot ati on of hydrodynam c volune is
accurate to + 0.1 gu for all volunmes [err]20gu. The conjugation of the
gl ycans 35 with 2-am nobenzam de (2-AB) decreases the hydrodynam c

vol ume of the glycans by a constant value. The hydr odynam c vol unme of
the 2-AB | abell ed glycans ([err]f) is WO 96/ 30531

PCT/ CA96/ 00174 - 32 - cal culated from

hydr odynam ¢ vol ume of the unreduced

FIG. 2
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glycans ([err]) using the foll ow ng equation:

[err]f=1.2[err]-1.96 5 3. Molecular weight distribution of the
de-acidified gl ycans rel eased from GS38-1FN err] Si nce
peaks were detected outside the dextran calibration range (Figure 8) and
particularly in the void vol une, ig;ﬂrs necessary to obtain a nol ecul ar
wei ght 10 distribution in order to establish what carbohydrate speci es
were present. An aliquot of the de-acidified gl ycan pool was prepared on
a matrix of 3.5- di hydr oxybenzene. A Matri x- Assi sted Laser Desorption

| oni sation-Tinme of Flight (MALDI-TOF) mass spectrumwas 15 obtained in
positive ion node (i.e. nolecular ion plus sodiunm). The follow ng ions
coul d be assigned to car bohydrates (Figure 9).

Mol ecul ar 1on Na 20 1929.9

2292.5 _ 2660. 1

3019.1 25 4. SUWMVARY The d ycoprotein GS38-1FNerr] carries

ol i gosacchari des with the follow ng structural characteristics: (1)
Neutral (no acidic substituents) 10% + 0.8% Acidic

90% + 0.6% 30 (i) The tot al el yl ayed ol i gosaccharide pool is
het erogeneous, with at [east 6 distin fG _?
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structural conponents present in the total pool. (rii) The MALDI - TOF

mass- spectronetry data and t he RAAM 2000 data can be

sumari sed as follows: 35 Mass Conmposition Calculated gu

equi val ent det ect.ed Mass WO 96/ 30531
PCT/ CA96/ 00174 1,_/7 - 33 - 1786. 2

5Hex, 1782 11.1 4HexNAc 1 2AB,
Na 1929.9 5Hex, | dHex, 1928 12.2

4HexNAc, 1 2AB, Na 2295.5 6Hex, 2293
14.5 1dHex, 5HexNAc

1 2AB, Na 2660. 1 7THex, 2658 17.6

FIG. 4
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1dHex, 6Hex NAc 1 2AB, Na 5 3019.1
8Hex, 3023 20.7 1dHex,
7HexNAC, 1 2AB, Na Hex=Hexose,

dHex- deoxyHexose, HexNAc=N- Acetyl hexosam ne, 2AB=2- am nobenzam de,
Na=sodi um i on. 10 NB. The peak whg}z’f;l elutes at 1.0 gu will be included
in the matrix in MALDI - TOF mass spectrumand is therefore not

det ect ed. EXAMPLE 7 15 Expression of human erythropoietin in CHO
cells using pMurc cDNA encodi ng human erythropoietin (EPO was
derived by PCR with pfu polynmerase using human ki dney nRNA t hat had

been reverse tragSi@edﬂe nucl eoti de sequence of the 5" and 3'
priners are as fbl : 5'PCR Primer:
5' GTGGATCCGCCGCCACC ATE GGEE GTE CAC/ GAA/ TGT/ CCT/ &Cd TG 3 (the

CCGCCGCCACC sequence before the ATGinitiation MeH2 codon was desi gned
for optimal tranbl atibn of the resulting WRN'A}/ and 25H3' PCHl Pri ner :

PCR

5' - GATCTAGACAGT TCTTGTCAAY GAGGT TGAAG: 3'
Si02 H H H H H
Si e e e e e

114
1
d
m

e



The PCR product was gel-purified, cut with restriction
SUBSTI TUTE SHEET ( RULE 26) WD 96/ 30531

BCT/ CA96/ 00174 - 34 - enzynmes BanH and
Xbal, and then ligated into pGEM 11Z pl asm d that has been cut with
BanH and Xbal. After confirm ng t@y nucl eoti de sequence of the EPO
codi ng region, the cDNA was retrie eg frompGEMI1Z plasmd by 5
cutting with Xhol and Notl. The EPO cDNA was gel -purified, and inserted
into the Xhol-Notl sites of pMMIC, giving rise to a plasmd referred to
pMVITC/ EPO. WIld type CHO cells (CHO K1) were transfected with
pMMIC/ EPO and initially selected with G418 for 7 days and 10 then with
gradual ly increased concentrations of Cadm um (4, 8, 16, 32, 64 and 92
[err]M. About a few thousand col onies were obtained after the initial
(418 sel ection. Wen the Cadniun1concenaF%L€3n ' 64 [err]M about 100
col oni es remai ned vi able. Anpong these 100 oni 60 were 15

i ndividual ly isolated and expanded, and- assayed for the
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| evels of EPOin their culture nmedia by Western.blot, resulting in
identification of 8 high expressing col onies (referred to as E15/1,

E15/3, E15/8, E15/10, E15/13. E15/ 18, E15/26 and E15/30, respectively).
20 The remai ning col onies were further selected in nedia with 92
[err] M Cadm um and several col onies remained viable after this

Cl0, C11, C12, Cl14 and

sel ection, fromwhich 6 col onies (ternel)/¥5,
Cl15, respectively) were individually i sol ated and assayed for the

| evel s of EPO expression. The 25 | evels of EPO secretion by the 8 high
expression col oni es after 64 [err]M Cadm um sel ection and the 6

col oni-es after 92 [err]M Cadm um sel ection were further conpared by
Western bl ot. Cells of the selected colonies were seeded onto 35
mm (in dianmeter) culture dishes. Upon confluency, 1 ml of 30 culture
medi um was added to each of them and cultured for 24 hrs. The nedi a
were then harvested and 10 [err]| of each, together with a control 50
ng of EPO (|l ane 15) were resol ved by SDS PAGE and anal yzed by Western

bl ot using the Amer sham ECL detection system The Western blot B shown
35

in 35 Figure 13.
CLAI V5 A nucleic acid vect or conpri si ng:

FIG 7
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o li3orp TPOS

(i) a codi ng sequence whi ch encodes a protein of

interest and which is operably linked to a 5 pr onot er
capabl e of directing expression of t he codi ng sequence
in a manmalian cell in the presence of a heavy netal

i on; (i) a first selectabl e marker sequence which

conprises a netallothionein gene and which is 10 oper ably
| inked to a pronoter capabl e of directing sufficient

expressi on ofgalde FREDING DEVICE ANDE!SEPOSPHEONQ! NFEEME FBRithReSal d

manmmal i an APPARATUS EMPLOYI®® lrHEN sl presence of a heavy netal ion to
~confer resistance to the said ion on the said 15 cell; and

(rii) a second sel ect abl e marker sequence whi ch

conpri ses a RASTRACT @FJ THE OTISCLOFUREADI Yy linked to a
pronoter capable of directing expression of the neo gene
in the said 20 mammal i an cel | . 2. A vector
accordi ng to cl ai Mrbvigest cish & hgaprbfreddng defvdcet dwofkedin®gaence i s
the pronoter of a netall othionein gene. 3. A vector according
to clai m2 weksaitinghegppondedr Il timn st faumatiom hbgneFhegene |
pronot er . 4. A vector _according to any one of the preceding
claims, wher &hemigalyr GFRARRF fGFPPﬁétE:BBl nJeddffencLIPEERT  Bperabl y

| i nked to an enhancer éor ﬁccordln to claim4 wherein
the enhancer S5 533 RSt Hayidg §aF€8ﬁ§ @PFU 18RRaRELRY the Startﬁng A vect or

according to an oneH%f .the precedin wherein pronoter for

the first na 388 ﬁ&gng % he Qﬁﬂﬁﬁé%%giﬁa §FP8t onef# gene.
7. A vector aGeOIMING d 03Ny 8£L9r:gé nﬂ%es-pre&%' Eﬂt?f%dﬁ 3hEEmedfigrein the

first marker "Sequence conpri ses
connected to the container and having a plurality of

gas-introducing openings for introducing the the
carrier gas or the starting gas into the container to
generate the starting gas; and a gas generation-
accelerating means for accelerating the generation of

the starting gas.

FIGURE 1
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Xob3z8-0

Vﬁm m T&n‘\lﬁj‘a&gene 8. A vectg accordlyg t_'
H “Luenb g ‘.ti-hej Dat ile promoter for the TR

nmet al | ot hi onei n: :gene. 9.{ A véBror accordlng torany one'of theﬂiﬁ e
precedidigins clarms vvh1-ch~~+~s—a~~DNA plasmid. 5 10. A vector
according to any one of the preceding cl ai ms, whereih the: CGd]ﬂﬁﬁﬁ“7w
sequende. endodssssttemecoferi§ing a vmseoﬁsromgenonskaﬂlecymbmmmmnd|and

11. Manmmal iagaseifesding devids flor fredigig aagitentddqiogas campnisiiging: 10

(i) a cetichcorppund cfoni depentbien-fiphofermagion by a chemical
interest andapfieh depefidrian yethndd said system comprising: pronoter
capabl e of directing expression of t he codi ng sequence

in the said marmmdd i agontainer  (10)  whigh| g q’?tn'%%ng é'srl%ce Vdfsc%i’%avy
metal ion; 15  ©rg r}tqgtall]&p rrrpeuld &80 ARL has Ref §€ﬁp
conpri ses a net aldht [ Elpﬁeﬁéneognd:%l Sfrarting gas com rlsm‘l)p |y

linked to a pro rectin sufflclent

P |.e dj
expressi on of thd25-tntrocucing mea Qﬂ%(ﬁQHQﬁ? ?#5%%&ng b E%QQ?r

manmal i an and having a plural gas-

(11-17) for 1ntroduc1ng in use a carrier gas lnto the
container to vaporise the compound, thereby producing
the starting gas, said introducing means being arranged
in use to introduce the carrier gas into the container
at a flow rate of 100 sccom or less; and
accelerating-means (19) for accelerating the generation
of the starting gas by controlling the introduction of
the carrier gas so that in use the carrier gas is
introduced to the plurality of gas~introducing openings
(11-17) intermittently at a different timing for each
opening.

2. The system of claim 1, wherein said accelerating means (19)
comprises gas-switching means which in use turns on or turns
off feed lines of the carrier lines of the carrier gas for
distributing the carrier gas through a turned-on feed line
to its respective one of the plurality of gas-introducing
openings.

3. A system comprising a viscous organometallic compound and
a gas-feeding device for feeding a starting gas comprising
said compound for deposition-film-formation by a chemical
vapour deposition method, said system comprising:

a container (10) which contains the viscous
organometallic compound (2) and has a space for forming
an atmosphere of the starting gas comprising the
compound;

gas—-introducing means (4) connected to said container
and having a plurality of gas-introducing openings
(305) for introducing in use a carrier gas into said
container to vaporise the compound, thereby producing
the starting gas, said introducing means being arranged
in use to introduce the carrier gas into the container
at a flow rate of 100 sccm or less; and
accelerating-means (8) for accelerating the generation
of the 'starting gas, said accelerating means being an
ultrasoni¢ oscillator which in use assists the
formation of fine bubbles in the viscous organometallic
compound (2)

.

4. A system comprlslng a viscous organometallic compound and

. a gas-feeding device for feeding a starting gas comprising

3~ said compound for deposltlon—fllm-formatlon by a chemical
' vapour depos1t10n method, sald device comprising:

HIIlIIl IR A ll IIII
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20 cells in the presence of a heavy
confer resistance to the said ion on the said !
(iii) a second sel ect abl e marker uence mthhm___ . .
conprises a neo gene and which is opeT ty 25 T TTirked to a
pronot er capabl e sofcotitedaeimd 31) which contains é¢her siscousotompeundy gene
in the said a chamber (33) whexeé iim use hy. atmospheré X f aCeItbstangordi ng
to claim1l, whi @gasacemprligdingpehe cappowsk isafiersedovaing ddid visgous
13. Cel I s accor ¢inggnogegiadilicl campomd virameithe gontaimemndtdd) f or the
codi ng sequence ia® dmd el dddiedndo Fhe champerot(Biddndior gegarrier gas 14.
Cel | s according ta@dclaﬂm%l%er(&)n fremprigiet ehambers {B3) ndfige the
net al | ot hi onei n q&&& NG GABF e P¥E¥alltY'P§ nogziles 3¢bhridinay tbwahghone of
Wﬂﬁﬂ

oper oy 1 g ‘é‘%ﬁéﬁf’:?’lﬁr‘ﬁ"mm ARSI 2o
Wj“i CO\M‘(&F Fﬁg eﬁﬁéﬁg
V]

into t
ohe rfzfﬁs‘;‘;i ‘izzgg n@,cé;ﬁgm;g@gw%éf jorlos
sequence is the

5. The system of claim 4, wherein piezoelectric atomisers (34)
are provided for ejecting the organometallic compound
through the nozzles (30).

any

6. The system device of any preceding claim, wherein the
organometallic compound is dimethylaluminum hydride.

7. The system of any claim 1-6 when used to produce a starting
gas which contains dimethylaluminum hydride in a carrier gas
which is hydrogen.
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*

5 pronoter of a netallothionein gene. 18. Cel | s accor di n@tstze anyes

one of clains 11 to 17, wherein the first marker sequence conprises a
human nmet al | ot hi onei n gene. : 19. Cells according to claim 18,
wherein the pronoter 10 for the first marker sequence is the native
pronoter for the human net al | ot hi onei n gene. 20. Cells
according to any one of clains 11 to 4o- wherein the nucleic acid
sequence is a DNA seguence. 21. Cells according to any one of

clainms 11 to 20, 15 wherein the codi ng sequence encodes hunan

[err]-interfeg OﬁEED:Eﬁé’“%ﬁdﬁhr%' ebbggsxnmv FIif rdM[& cordi ng
NG

to any one of g&i?v vector Is |nteg into the
genone of th e? g A process for the preparation of
cells as defined in cIa|n111, mhlch process conpri ses: (a)
transf ecci ng zggwEdd@or s Deddr.gentaet or as defined in any
one of clains 1 to 10; (b)  exposing the transfected cells to
genericin to 25 elimnate thereby cells |acking the neo gene;
and (c) oywsider the aeckas-feaiditd \derelad efof afekding a
progressively increasing concentrations of a heavy metal ion

to select thesteixstide desirdrcedéposition-filR4formptdorsswmcdtdeding to
claim23, wherein the cells 30 in step (c) are exposed to from5 to 200
[err] M of a iehemiqrk al vapori odepoisdtion f masictler r fompuleiny add zZn[err]

25. Use of a neo ene and a netal |l ot hi onei,n gene as selectable mar ker
genes in a siiRpt diaving a spacs; fox &g the &1&G on of a
protein of 35 interest, i ch process conprises. ¢ulturin ian cells
b dof i ned | @3y m@t&rl eR] (QFIIACREE ib?ese%@g % Y heavy
metal ion and, [eCoVe said roteln th

ntro a carr er gas; a gas introducing means

connected to the container and having a plurality of
gas-introducing openings £for introducing the the
carrier gas or the starting gas into the container to
generate the starting gas; and a gas generation-
accelerating means for ggcelerating the generation of

the starting gas.

FIGURE 1




27.. A process according to clai m 26@szo wes

& 8kt urad, 'i"'pu he presence of from10 to 200 [err]M
LU -'-«-E-‘fnPQniCd[err], Cu[err] and Zn[errh rgd -
, Hdtor ditigat o ol 7; wherein the cells are cultu

28. A process accordirngst.o ¢l al; 7,

t he pregéngﬁ--qf _about '150d[?”']PhM e orenrt 1R S,

- fer&3cEr acterise qyna =1 ACE

i?,n![ EE ?rergn 1S | %écf.‘ed'subbf]{‘?anegys' y into the back REPLACEMENT SHEET

1 Lsingiik ofischas direfanemaRalsideLs |0, the
about 2kg: “T0 a gg;%;fggf\%‘;vwfgwtﬂmffeedsix@rga[ﬁarﬂti%lbab- gg'ggggsix’%
' nkh

-38- efpreSSEd :
wherein the cells . . 7

of a heavyi: - netdl i‘oh .sel ected

serumof the ra

EY
. . BFn " . .
nterteron " YR, Soppound: orshpus ooy iha:cobmetion By ¢ DRt

BOPRd: fersdepasitiont fillm-Eobhat i t 5Y cal ]
, . i valent to bovine serum al bum n
to 6.4 x 10[err] |.31y. P n & U'_i AL8Df er shieht aigemttaidsy &her OCefscous
proteln. °1'§Q e fgmpgund (2) and has algpage oyt Dormingt i n

according to any oneag etre .. i oppriisifg. the
obtai nabl e by a procesfip@dng ACCOr di NG t‘fff%nf;@"él"ﬂhg‘f?agfuf‘?m | y3
33. A pharmaceuti cal gaoRDREkddud e WY S 1%)2 conne®tdy 86 sat container
acceptabl e carrier oandihareirg an ld3a1dty of gas-introducing openings ]
(11-1?) for introducing in use a carrier gas into said
' container to vaporise the compound, thereby producing
the starting gas, saig introducing means being arranged
in use to introduce the carrier gas into the container
at a flow rate of 100 scem or less; and
. . accelerating-means (19) for accelerating the generation
of the starting gas by controlling the introduction of
the carrier gas so that in use the carrier gas is
introduced to the plurality of gas-introducing openings

(11-17) intermittently at a different timing for each
opening. _

2. ~ The system’of claim 1, w_whereiix said accelerating means (19) .
comprises gas-switching means which in use turns on or
turns off feed lines of the carrier gas for distributin

openings.

3. A system comprising a viscous 'organometallic compound and
a gas-feeding device for feeding a starting gas' comprising

said compound for deposition-film-formation by a chemical
vapour deposition method, said system comprising:

a8 container (10) which contains the “viscous
organometallic compound (2) and has a space for forming
an atmosphere of the starting gas comprising the
compound ; '

gas-introducing means (4) connected to said container
and having a plurality of gas-introducing openings
(305) for introducing in use a carrier gas into said
container to vaporise the compound, thereby producing
the starting gas, said introducing means being arranged
in use to introduce the carrier gas into the container
at a flow rate of 100 sccm or less; and -
accelerating-means (8) for accelerating the generation
of the Starting gas, said accelerating means being an
ultrasonic oscillator which in use assists the
formation of fine bubbles in the viscous organometallic
compound (2).

4. A system comprising a viscous organometallic compound-and -
2 gas-feeding device for feeding a starting gas comprising
said compound for deposition-film-formation by a chemical
vapour deposition method, said device comprising:

U



active prineipal, human [err]-interferon as defined in any one of "’

claims 29 to 31. 25 34. A pharmaceutical conposition conprising a
pharmaceutically acceptable carrier or diluent and, as an active
principal, human erythropcietin as defined in claim 32. 5 crp3B A
conposition according to claim33 or 34 which:is 30 suitable f6rﬁoﬁh€-or

I ntranasal adm ni stration.

: . REPLAGEMENT SHEET
a container (31) which contains the viscous organometallic
compound; a chamber (33) where in use an atmosphere of a
starting gas comprising the compound is formed using the
viscous organometallic compound from the container (31); an
inlet (37) into the chamber (33) for a carrier gas and an
outlet (9) from the chamber (33) for the starting gas; a
plurality of nozzles (30) through which in use the viscous
organometallic compound from the container (31) is fed into
the chamber (33); and atomizing means (34) which converts
the viscous compound being fed into the chamber (33). into
a mist, the viscous compound flowing out with the carrier
gas to provide said starting gas. : ' C

5. The system of claim 4, wherein piezoelectric atomisers (34)

are provided for ejecting the organometallic compoun
through the nozzles (30). g J pound

—
€. The system device of any preceding claim, wherein the
organometallic compound is dimethylaluminum hydride.

7. The system of  any claims 1-6 when used to produce a
starting gas which contains dimethylaluminium hydride in a.
carrier gas which is hydrogen. :
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