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CULTURE 1 NFORMATI ON- GENERATI NG DEVI CE, CULTURE DEVI CE AND SCU
Techni cal Field [0001] The present i nventl on r \ | :
cul ture information-gener ati ng devi ce, a 10cul ture dew ce 'e '

met hod. Priority is clainmed on Jd panese Patent Appli cat i
2010- 15844, filed January 27, 201G, (Igglggl(f ffent of ; 'S |ncorporat ed
herein by reference. Background Art % When a target \ MM
produced using a virus, a virus into which a gene for| gener\m“‘m@ |f| o
protein is introduced is seeded and cultured in an ani\ mal cel | .ggocbhe li ke,
and the protein is separated fromthe cultured virus. en a
vaccine is produced using a virusTitepd Inyentian t sel f sonet i mes becomes t he
target to be produced, and is seeded and proliferated in a properly

cul tured arCUBRTURE INFORMATEONaGENERATING DEY]CRsCUDEUREJMRY Huie AXD
evaluating culture conditions, a nethod of sanpling a virus-containing

' 5 CULTURE METHOD

Technical Field
[0001]
The present invention relates to a culture information-generating device, a

10  culture device, and a culture method.

Priority is .claimed on Japanese Patent Application No. 2010-15844, filed
January 27, 2010, the content of which is incorporated herain by reference.
Background Art

[0002]

15 When a target protein is produced using a virus, a virus into which a gene for
generating.a specific protein is introducad is seeded and cultured in an animal cell or the
like, and the protein is separated from the cultured virus. Further, when a vaccine is
produced using a virus, the virus itself sometimes becomes the target to be produced, and
is seeded and proliferated in a properly cultured animal cell. In such a virus culture, as

20 atechnique of evaluating culture conditions, a method of sampling a virus-containing
cultur_e mediﬁm to count the number of the virus (titer measurement), or a method of
checking a state of cells in a sample using a microscope is génerally performed. An

_ example of such a vitus culture technology is disclosed in Patent Document 1 and
.Non-Patent Docurﬁents 1 to 3 below.

25 Citation List



"cul ture mediumto count the nunber of the virus (titer nmeasurenent), or a
met hod of checking a state of cells in a sanple using a mcroscope is
"general ly perforned. An exanple of such a virus culture technology is
di scl osed in Patent Docunment 1 and Non-Patent Docunents 1 to 3 bel ow

25Citation List 2 Patent Document [006%] [ Pat ent Docunent 1]
Japanese Eﬁﬁ%%ﬂkﬂﬁ@n at ent Application, First Publication No. 2002- 148258
Non- Pat ent cumen 0004] . [ Non-Patent Document 11 Mass production of

protein using i@ﬁﬁhOVirus-inSect cell devel opnent system Protein Science
Soci ety Archiv . 022 [ Non- Pat ent Docunent 2] Proliferation of Bombyx
-‘mori nucl ear pol vhedrosis 10virus, Report on_Sericultural |Insect Research
No. 7; 9-29 (19Baypnt DocumenibhlapanaseinpxreninedhPatent Apphicatiosi bistdhdlication
purification of an influenza henmaggl utinin-one step closer to a reconbi nant
pr ot ei n- bideXWORAIfA8ABMza vacci ne, Vacci ne 24P2176 (2006) Summary of

I nvention 15 Techni cal Problem _

5  Non-Patent Document

[0004]

'[N_on-Patent Document 1} Mass production of protein using baculovirus-insect
cell vdevelopme.nt system, Protein Science Society Archives No. 022

[Non-Patent Document 2] Proliferation of Bombyx mori nuclear polyhed_rosis

10  virus, Report on Sericultural Insect Research No. 7; 9-29 (1993)

[Non-Patent Document 3] Expression and purification of an in_ﬂuenzq
hemagglutinin-one step closer to 'a_recombinan_r protein-based influenza vacciné,
Vaccine 24P2176 (2006)

Surhmary of Invention
15 Techrﬁcal Problem
| [0005] |
In the conventional evaluation technology of culture conditions, since the culture
 target is the virus, the sampling must be operated in a sterilized and closed system, and
thus is complicated. In connection with this sampling, the culture tank may be
20  contaminated by bacteria. Further, since the titer measurement requires several days
and.is difficult, a measurement error may be occurred depending on a measurer, and thus
it is difﬁeqlt to secure timely measuremen'g and measurement accuracy. Furthermore,
the evaluation using the rhieroscepe cannot Wanant obj eetivity because a difference

between individual observers easily takes place.

[0006]

[\
(%]}



" [ 0005] In the.conventional evaluatlon t echnol ogy of culture
conditions, since the culture target is the virus, the sanpling nust be -
operated in a sterilized and cl osed system and thus'is conplicated.In
connection"wth this sanpling, the culture tank may be 20cont am nat ed by
bacteria. Further, since the titer rement requires several days and is

diffi PU| t, a maﬂ?etﬁ ?géﬁpﬂlvgl{t{ogrha?ggen%a&qg '\';'{J“egf tﬂ?&ﬁ&%‘ dufaRcdlE %‘13 rer. and

thus it is diffic 0 secure measur enen neasur eneht accuracy.

FurthernDL : gq eval uati on using the M croscope cannot warrant objectivity
because a#hithfLIIERS BREHEen i ndi vi dual observers easily takes place.

25[ 0006] 3 The present invention has been nmade in view of the above
ci rcunstances; @nko Hesinavelupisiqubwiersgndiipecels virgsi ) To tinely evaluate
culture condi tions of a virus. (I'l') To provide a technique of
eval uating the @DHbqnend@mdthquObﬁahhﬂngﬂmumhmhubadﬁ@esuﬁmagnﬂbyhﬂé|V|ty
conpared to the related art. (I'1r1) To prevent a culture tank

from bgi ngecaAnk abjeb@tiBoMpaRAGb efd rRlated@rtit i on t o Probl em [ 0007] To
acconpl i sh the objects of- the present invention, the present invention

(III) To prevent a culture tank from being contaminated by bacteria.
Solution to Problem

[0007]

To accomplish the objects of the.present invention, the present invention

10  employs the following techniques:

(1) The present invention provides a culture information-generating deyice that
iﬁputs a rrieasur_ement signal indicating a change in concentration of a target component
of a gas exhausted from a culfure tank holding a \;irus-containing culture medium, and
performs predetermined information processing on thé measuferﬁent signal, thereBy

15 generatin_g culture information indicating culture conditions of a virus.

[0008]

(2)l In the culture information-generating device set forth in (1), when the virus is
seeded and cultured in a predetermined cell that serves as nutrition for the virus in the
culture tank, the generated culture information may indicate that a maximufn value of the

20  concentration of the generated gas is generated a predetermiﬁed number of times.

[0009}

(3) In the culture information-generating device set forth in (1) or (2), the gas
ﬁlay be carbon dioxide (CO»).

[0010]

o
Ot

(4) The present invention provides a culture device, which includes: a culture



" 10enpl oys the follow ng techni ques: _ (1) The present invention
provides a culture information-generating device that inputs a nmeasurenent
signal indicating a change in concentration of a target conponent of a gas
exhausted froma culture tank hol ding a virus-containing culture medi um
and perforns predeterm ned information processing on the neasurenent

si gnal , _t hat by dRASARK ?—%{;@Té‘dutt b0 TR AT LIS 6

condltlons o aviru

informatio ener at i vice set forth in (1), when the virus is seeded
“and cul tutﬂegfftrgaaem%s? B e bt farian bl S e e e vi r us
in the culture tank, the generated culture information may i'ndicate that a
maxi mum- v iegecagired Fsubrgribe pitle Indprmsttioptgsnegatieg aevaer shlorthsinganerarbd a
predeterm ned nunmber of times. [0009] (3) In the culture -

i nformati 6Ntg&herati ng device set forth in (1) or (2), the gas may be
‘carbon di oxide (CO2). [0010] 25(4) The present invention provides a culture
devices which ijpgjlydes: a culture 4 tank in which a virus-is cultured;

- exhaust gas anal yzer that anal yzes and neasures an exhaust gas exhausted

fromthe cul ture, Tﬁé‘&lt%?@taﬁk‘%?ﬂk%uﬁuﬂ%%@fé& SOEDfh $i @ @lay t%lﬁ% Icurk e

nmeasured result;” and the culture information-generating device set forth in

any one o 3 5 11 (5) The culture tank of the culture
devi ce se hef orfhaseg(%‘il} éuqmr‘tllnform ftzllf)e culture of the virus based.on the

culture infor rra[t)(l)lozr]l [0012]

(6) The present invention also provides a culture method in which culture of a
10 virtis is terminated based on a change in concentration of a tatget component of a gas
. generated by culturing the virus.
[0013]
(7) In the culture rrtethod set forth in (6); when the virus is seeded and cultttred n
a predetermined cell that serves as nutrition for the virus, culture of the virus may be
15  terminated when a maximum value of the concentration of the generated gas is generated
a predetermined nutnber of times.
[0014]
(8) In the culture method set fot'th in (6) or (7), the gas may be carbon dioxide
(COy).
20  Advantageous Effects of Invention .
[0015]
According to the present invention, it is possible to automaticatly detect the
eulture conditions of the culture tank on .the basie of the exhaust gas exhausted from the. _
culture tank in.an on-line state. As such, it is possible to timely evaluate the cu.lture |

25 conditions of the virus, and to provide a technique which evaluates the culture conditions



"(6) The present invention also provides a culture method in which culture
of a 10virus is term nated based on a change in concentration of a target
component of a gas generated by culturing the virus. [0013] (7) In
the culture nethod set forth in (6), when the virus is seeded and cul tured
in a predeterm ned cell that serves as “hutrition for the virus, culture of

the virus iy . . i I 0 he.concentration of
t he gener%ﬂ%évgg%égg%gg g?@%ﬁ%ﬂgﬂﬁ?%ggﬁgéﬁgﬁgﬁxﬁﬁr é?hg%of?ﬁég?w 6514]

(8) Inthe culture nmethod set forth in (6). or (.7), the gas nmay be carbon

di oxi de ()L 1515 PRIVAISHABESER the f—@&tr%ta&? famy Bring sontpmépsd with bacterge cor di ng
to the present invention, it is possible to automatically. detect the

cul ture cBref Prshgtief of Reevings ure tank on the basis of the exhaust gas
exhausted fromthe culture tank in an on-line state. As such, it is

possi-ble to tirfBdy]eval uate the culture 25conditions of the virus, and to

_ provide a techni que which evaluates the culture conditions 5 of the virus

and the obj ect ipIG! ¥istf bIwéd @ilgrlam JnBRAVERE copiRRMes §fQ difatcuRfretdieictel at ed
~art. Further, it is possible to prevent the culture tank from being
contami n a&&grd{\ﬁé !% Jﬁa&ﬁﬁdhﬁent %lfitlleefprgg%ﬁpirni\/%tio?ln of Draw ngs [ 0016]
FIG. 2 is a flowchart showing the operation of essential parts of the virus culture
device aécording to the embodiment of the present invention.
FIG. 3 shows measured results showing a change in concentration of carbon
10  dioxide (COZ) and oxygen (Oz) exhausted from a culture tank in the embodiment of the
. present invention.
| FIG. 4 is a characteristic diagram showing a change in product concentration
ratio over culture time in the embodiment of the preéent inVentién; |
Deécription of Embodiments
15 [0017]
Hereinafter, an embodiment of the present invention will be described with
reference to the drawings.
As shown in FIG. 1, a virus culture device A according to the embodiment
includes a culture tank 1, a virus feeder 2, an exhaust gas analyzer 3, and a culture
20 information—gencratiﬁg device (culture condition information generating device) 4.
This virus culture device A seeds a virus incorporating a gene for generating a
predetermined target protein in an insect cell, and cultures th;e virus, thereby producing
the target protein, or proliferating the .Vi.l'l_ls itself.

[0018]

[N}
S]]

The culture tank 1 is equipment for culturing the insect cell and the virus, both of



"5FIG 1 is a block diagram showi ng the configuration of a virus culture
devi ce according to an enbodi nent of the present invention. FIG 2
is a flowhart showi ng the operation of essential parts of the virus

cul ture device according to the enbodig;nt of the present invention. FIG 3
shows nmeasured results showi-ng a change in concentration of carbon 10

i oxi de (R AIChi QAR O oAU R R T RS LRy e

enbodi nen res I nve rac eristic

di agr am show a chan e in t- concentration ratio Qv lture tinme
e S he eSS roTRE i & Btk G o TR SPliER! BF ot rent o

15[ 0017] Herei nafter, an enbodi nent of the present .invention will be

descri bedThtish thesfudesigek { andlyres gn agitaigisthat agitates asgltaieovgdivm irfig tank

virus culture device A according to the enbodi ment includes a culture tank
1, a virusodyeadexyg2n feadeethhoftsds gageanauirzé for3he aritiratocttit tankebody, and a
20i nf or mat i on- generating device (culture condi-tion informtion generating

devi ce) 4tempbiabur¥icbmtfol et tHabiRimdaué R tAhkSRR St an ¥ptiMEmi tBGPERAFATI e @ gene
for generating a predeterm ned target protein in an insect cell, and

cul tures gy rﬂ%ertelnli'g?QZST 'ilﬁg knﬂ)rtnlik‘:t‘ar{‘g@rtﬂgttcal'ljiégto%'t Qgr_}ta‘t)ir nl?lrsr(il iferating

the virus |tself e cu ture tank 1 1s cal turing

the i nsecziera 10n wf?liloqlt Elrll] ggll/ It(grulss genera y%nown as a type of the culture tank. In the

present embodiment, any type may be employed as the culture tank 1.
[0019]

10 The virus feeder 2 feeds the virus to 'tlle culture tank 1 at a predetermined timing
after culture initiation. A gene for generating a specific protein is incorporated into the
virus. The protein lis a ﬁnal_product of the virus culture device A. The culture tank 1
cultures the insect cell at its initial stage. However, when the virus is fed from the virus
feeder 2 at the predetermined timing after culture initiation, the virus seeded in the insect

15 cell is thereafter cultured in the tank body.
[0020] |
The exhaust gas analyzer 3 is a device that analyzes and measures components |
and concentration of an exhaust gas exhausted from the culture tank 1 in the culture
process in an on-line state.

20 This exhaust gas analyzer 3 analyzes and measures concentration of, for
instance, carbon dioxide (CO») among the components included in the exhaust gas, and
outputs the result as a_measurement signal to the culture information-generating device 4.
As this exhaust gas analyzer 3, for instance, an thical_ on-line gas detector using a .
difference in optical absorption wavelength- based on a difference in lg.as component may

25 be us.ed.



"which are culture targets, and is an installation that cultures the culture
targets while keeping an environnment in a tank body (culture environnent)
optimal for the culture. That is, the-culture tank 1 includes an agitator
~that agitates a culture mediumin the tank body, an oxygen feeder that
feeds oxygen required for the culture to the tank body, and a 5 tenperature
control | er thatyygiintai ns the tank body at an optinum tenperature for the
culture. Acertain'type of culture tank, for instance, that carries out

agi tation using.aeratiaon.wthout an agitator,. i s erally known as a type
of the cul tur eg]{hgfﬁ?ﬁuﬁednﬁoﬁrga%?%g"é}?fatgl%ﬁ%ﬁiCﬁé’n‘f?nbcggaf?‘ffée%ﬁfi ‘BUPENHT oyed as
the culture tank 1. [0019] 10The virus feeder 2 feeds the virus to the

cul ture t4rike Yirug cultuss deyd¢etni ned timing after culture initiation. A gene
for generating a specific protein is incorporated into the virus. The-
protein is a fiAmthopmodlrt®. bfthe hdturé mismoationtgeserdtng devidk 4 Fhassoctudft ur e t ank
1 cultures the insect cell at its initial stage. However, when the virus is
fed from tdeputerttist if esdaialR midedpeofRhaaraaidmnpdctssitigh@itatataal aGrigy e
initiation, the virus seeded in the insect 15cell is thereafter cultured in

the tank baey,. [PR2AQIrTRB.EERRESIngdRS ANRbYLSSs tBe nRadirdfMl SEnhinat hanal yzes

and neasures conponents and concentration of an exhaust gas exhausted from

h I . j .cl . i -1 . 20Thi
the oul tUER AUkl il SHLEUGS, BLASRRS: koAl ALLORAAN B, 070

exhaust gas ana ana es®conéentration o or rnstance,

carbon di gxi de (CO2) anong. the nponents included in the exhaust gas, and
out puts t VRS etcuiﬁre OH&}}QH? ‘éﬁgﬁfu]é‘frﬁﬁ?égett% ﬂfq{él?tﬂ:‘{ﬂ ek i and outputs the

i nformati on-generating device 4. As thi's exhaust gas anal yzer 3, for
i nst ance, SensTabpst suwdtare wienmagien fxa beiditiaor sepanagitlygpravided displandevipn(ngpt i cal -
absorption wavel ength based on a difference in gas conponent may 25be used.
[ 002110  shown) afiffer thelctilinre tankf br Mtid oragemet 4b istgsedavimdactdr menorymade
characteristic conponent in the virus culture device A
up of a non-volatile memory region that stores the culture information-generating
pfogram and a volatile memory region that t_empbrarily stores the calculated results.
[0022] -
Next, an operation of the virus culture device A configured in this way will be
15  described in detail with reference to FIGS. 2 to 4.
[0023]
The virus culture device A initiates culture with only insect cells held in the .
culture tank 1. Then, when a predetermined time has lapsed from the culture initiation,
the virus feeder 2 is operated to feed viruses to the culture tank 1. In the culture tank 1,
20  the insect cells and the viruses are agitated and mixed by the agitator, and the insect cells
are fufth_er cultured. When a constant time has lapsed from the culture initiation, the
culture of the insect cells is terminated.
[0024]

Changes in concentration of carbon dioxide (CO2) and oxygen (O,) exhausted

25  from the culture tank 1 between the culture initiation and termination of the insect cells,



"As Shown in FIG 1, the culture information-generating device 4 is a sort
of Sconputer that is essentially Made up of an information processing unit
4a. and a storage unit 4b. The information processing unit 4a processes the
measur ement signal on the basis of a certain culture infornmation-generating
program generates culture information“%how ng the culture conditi.ons of

the cul t%ﬁic@ %fe%%%agﬁled‘r@&ﬂtﬁ Wt Sk éaslanaw}gr 93%@&&& fﬁe%g&%ﬂﬁiﬁi gl cul ture

i nformation t-1n or separatefFy provide I spl'ay devi ce (.not

10shown) ‘and/or. the cul ture talrk 1. The st.o;__ e u% 4b is a. sem conduct or
Menory tE‘H“Bﬁ‘“%‘?fg < POFALFY 2 ARATTR) VR &Y g‘%  hat/ et Hiealond Fdotfe ur e

i nformati on-generating programand a volatile nmenory region that

t enpor ar i Mythg chings 1n Hie araatioeaf thesarhos dipodefONethe viranfeedlds i on of the
virus culture device A configured in this way will be 15described in detail
wi th ref esperatal dta gehifESf tilne wheh 43 BiZ8have lapsed fidme theiculisrecnibibiore devi ce A
initiates culture with only insect cells held in the culture tank 1. Then,

when & pregeéns Menghstd 48 (e thaddade fnRM, i@ty bsh & bdickli@t inQRe the virus .
feeder 2 is operated to feed viruses to the culture tank 1. In the culture

tank 1, Z0tQecdpsegherfilséd clé‘IF‘@L érxﬂ%tl’{l'[kjrcﬂﬁ&%d%fo‘?n Qi AL GiRRshiThxed by the

agitator, and the insect cells are turther cultured. Wen a constant tine

has | apsed fromthe cul ture.jnitiation,..t ul ture.of the i sect- cells is
For mi nat derep B gsapreqiialh S e comRhfkint Brogm Etbaf bl d&s “and
oxygen (02) exhausted 25fromthe culture tank 1 between the culture

ini tiati oWEEhYIRUEFIG 94FYTS AN SIS T Yisidthe c@qegtration of the carbon dioxide

(CO,) at the time df seeding.
10 : [0025]

The concentration of the carbon dioxide (CO,) forms a rising curve because each
insect cell continues to be proliferated after seeding. Thereafter, the rate at which the
concentration of the carbon dioxide (CO») rises is gradually reduced. and forms a falling
curve at a pbin£ of time when 75 hours have lapsed from the culture initiation. That is,

15  the cdncentration of the carbon dioxide (CO») represents a ﬁfst maximum value after
seeding, as indicated by a circlé. | This change in the concentration of the carbon dioxide
(CO,) is caused by the fact that, after seéding, the viruses gradually infect the insect cells
(primary infectioﬁ) and interfere with the proliferation of the insect cells, or the fact that
the destructed insect cells due to'the proliferation of the viruses in the insect cells

20  gradually increase.

[0026]

Then, the viruses proliferated to a predetermined numbgr in the insect cells
separate from the insect cells at a point of time when 100 hours have lapséd from. the

culture initiation, and then infect other insect cells (éecondary infection). In the event of

Lo
Qt

the secondary infection, the viruses proliferated in the insect cells go out from the insect



"8 which are neasured results of the exhaust gas anal yzer 3 between the

culture initiation and term nation of the insect cells, are as shown in

FIG 3. Wen attention is focused on the change in the concentration of the

~ carbon diokxide (C2), the virus feeder is operated at a point of tine
when 45 hours have | apsed fromthe culture initiation. 5Thereby, the

“viruses he fu Ly ed in the
i nsect c:‘f sff&% ﬁll% ns%%%” é{iﬁShl%gmsﬁlrln%(I) h?gyggﬂ?luggg% ctef?tl%?ﬁ) ture

i nitiation, ncentra f the rbo di oxi de. IS

o adual | YRR EGRY R SoaPIG PO L AR o (’F‘F%‘?tf?&oé ve of
‘the concentration of the carbon dioxide (CO?). at the tinme of seeding.

10[ 0025] the carbon gipxidedhdhtapaescots agecelemedmyahy ditcoRiede theaepyndest ns a
‘risings curve because each insect cell continues to be proliferated after
seedi ng. iffeetieabf the,vitukes. rat e at whi ch the concentration of the carbon
dioxide (CO?) rises is gradually reduced. and forns a falling curve at a
poi nt sof time \Weav}75 hours have l'apsed fromthe culture initiation. That
is, 15the concentration of the carbon dioxide (CO?) represents a first

maxi mum val ue a{}&fo &@?%t@ﬁls dudig g(%ﬂ&%%d%{ R VituS &l Eertalhrdidailange in the

concentration of the carbon OXIde i's caused by the fact that, after
seedi ng,

i r.uses radua 4 i nf sect..cel.l s cti on)
and 1 neervanet by PR ERsRr aéf%wt@ﬁfle SRR R BBt P P
t he destructed ect ceI | s due to the proli ferat| aon of th viruses in the
i nsect cel P%ehf ‘iﬂ&éﬁ?r 3 W%%%Vé lapsge Segpm the Shture frEtiqny s glerﬁﬁﬁ?rp therated to
a predeterm ned nunber in the insect cells separate fromthe insect cells
at a poi mrotsinst(prasiugisiere EOBluaby icréred With pheldpferad tntch endcare remarkablyt i ati on,
and then infect other insect cells (secondary infection). In the event of
25t helts eciandtased ih ifeesteh 00T, the pamaty m$e&siop and tHeaseaindaryiinfettien. | Mheat wb@i s go
out fromthe insect '
the secondary infection is terminated, the protems (products) are extremely reduced.
- This reduction o'f the proteins (products) after the secondary infection is considered to be
because the proteins (products) in the viruses are drastically decomposed by protease
(proteolytic orpeptidolytic enzyme) secreted from the destructed insect cells.
15 Accordingly, to efficiently produce the proteins (products), it is very important to detect
the generation of the secondary infection in an accurate and precise manner.
[0028]
The aforementioned change in the concentration of the carbon dioxide (CO,) is
the result analyzed and measured by the exhaust gas analyzer 3, and is supplied from the
20  exhaust gas analyzer 3 to the culture information-generating device 4 as the measurement
signal. The information processing unit 4a of the culture information-generating device
4 is-operated on the basis of the culture information-generating program.  Thereby, the
information processing unit 4a sequentially stores the concentrations of the carbon

dioxide (CO,), which are indicated by the measurement signals input from the exhaust

25  gas analyzer 3 at respective times, in the storage unit 4b as time-series data, and detects



"9 cells for a while. As such, as shown in FIG 3 by a circle, the
‘concentration of the carbon dioxide (CO2) is abruptly increased and
reduced. That is, the concentration of the carbon dioxide (CO2) represents
~a second maxi num val ue due to the secogﬁary infection of the viruses.

5[ 0027} Anong the proteins (products) generated in the viruses,
. t H .
or ol 1  or aft seapiH & gk ?%?fé‘éimﬂf@ LR b P SRR S A b e v er 45

- hours have Ia d nith tiation Thereafter rot.eins
Cor octucs comaRBguthE oed bl b S ing SISRRS Fieclilindr gis
remar kably 10increased in the event of the primary infection and the
secondar yihg se@iencohownHaphe ipwsehartind Fdecdndary infection is terninated, the
proteins (products) are extrenely reduced. This reduction of the proteins
(products) aft¢002%e secondary infection is considered to be because the
proteins (products) in the viruses are drastically deconposed by protease

(proteol ytic orTheepfor@iot procebiay MRk 48 detethi@ds Whettd digod @sistetii@dcdunsect
cells. 15Accordingly, to efficiently produce the proteins (products), it is

very i npofiamfe fufein@tdioh I'Gﬁqg § p)e r QP fhe 'aelgimi-nlaﬁ‘or§ goqndany. hfRGlbON i n an

accurate and precise manner. he af or ement i oned change in the

concentration_of t bon d| s the sul t anal and -
reasar ed By RnDeapaad b hfree‘ C?@erpa“?%rvs"a SERIeRR I RO S0exnaust
gas analyzer 3 to tEe culture |nfornat|on- eneratlng device 4 as the

measur enent  si §HAF. THECTHUGR PEIETINIBLC S HE R Y IHET 6T nelHel2Rie (i

i nformation- eneratlng device 4 is operated on the basis of the culture

i nf or mat i (slcymgdinag Phytipeogitenthe Thisurebyitiatidnempighesrapresed Mirpy tse@digieny unit 4a
sequentially stores the concentrations of the carbon dioxide (C01), which
are ilodi cttadd, iy ihhendepasintena nimcs) therab g detagmihing i ddoaesocheuld seeding.

Then, the information processing unit 4a checks on the bas_is of the time-series data
whether or not the concentration of the carbon dioxide (CO,) after seeding is changed
from a rising curve into a falling curve, there'by determining the occurrence of the
priinary infection.

15 [0030]

Tlién, if the determination of step S2 is “Ye.s,” the information processing unit 4a
determines whether or not the .secondary infection occiirs (step S3). Thatis, the
information processing unit 4a checks on the basis of the tinie-series data whether oi not
the concentrétion of the caibon dioxide (CO,) after the primary infection has again risen

20  and then fallen, thereby determining the eccurrence of the secendary infection. If the
occurrence of the secondary infection is detected in this way, the information processing
unit 4a generates culture information indicating the occurrence of the secondary
infection, and outputs the generafed culture ihforination to the outside and to the cultixre

tank 1 (step S4). When the culture information is input from the culture

1o
Qrt

information-generating device 4, the culture tank 1 rapidly terminates the culture to



'25gas anal yzer 3 at respective times, in the storage unit 4b as tine-series
data, and detects 10 the generation of the secondary infection on the
basis of the tine-series data, i.e. the concentrations of the carbon
. dioxide (C2) at current and past tinmes, in accordance with the sequence

" shown in the flowchart of FIG 2. [0029] 5The information processing unit

4a determ ether .or net the seedi occurs after the culture
initiatioﬁgﬁg?g%mépfpﬂﬁ?n?ﬁ%o%@FéPﬁ§H3§'on is "Yes," the information
processi ng unit ﬂgiﬁeternines whet her or not the primary .infection occurs
(step S2). [005 re, the informati on processing unit 4a determ nes
whet her or not a lapsed tine (clocking time of a tiner) after the culture
initiation mat chetbisangmes ¢he mfarmstidrepedcessing unyt 406 ¢t dubigre f or i nstance, an
internal timer, thereby determ ning the occurrence of the seeding. Then,

t he i nf or neforoatiprgmessingdevits 4 isdperherdksthonatiner thasuBuref the tine-series
data whether or not the concentration of the carbon dioxide (CO') after
seedi ng i SnfohARURdednkRfih  pfdoind Butl Ay @l [ y
determ ning the oc%urrenggﬁggmgﬁg&g§$ﬁ%?§5?%€%é?#%%&g%éFﬁéggT&Q8Fﬁg Then,
if the de Lwhatian.: of - 2 4.8 tYes,". the informti.gn processing unit -
4a detern%ﬁgghaﬁé%ﬁg?&£?§%§?ai%%hgg8§ﬁ'§P§§9% gett'al 8%§UP§°@¥F8§“ . That

is, the inf.grmation..pr.oc ing .unit 4a checks gn-the basis of the ,
tine-seri Sgﬁt?a‘iaéb(\%ié‘gﬂg‘? &3(52)’ ‘gtﬂlc ROIECATRARTIALF B exhaushgascahpesieddiroRi de
(CO'") after the primary infection has again risen 20and then fallen, '

t her eby. déisesiurs ek £ hHa apeadinesitte diccpiinglpasaetding to tiedtisonltutef t he
occurrence of the secondary infection is detected in this way, the

i nf or mat i davipe d¢ 83sporgiblemtotcorhalegrdn exsalve sheproblems ocafreingtt therclakediagat i ng t he
occurrence of the secondary infection, and outputs the generated culture

i nfor mat i and torimbly coblustediee @drd @nlRNS b thehaul ankyrthebHbRPIt fossiiiay t he
culture information is input fromthe culture 25i nformati on-generating

devi ce 4, prBd b hiGud PHikh Lvdi@Ridhy cﬁlﬁfrgjc&?&iﬁ&lst&?hec\ﬂms%%ﬁ i
objectivity of which is improved compared to that of the related art.

[0032]

The present invention is not limited to the embodiment. For example, the

15  following modifications may be considered.

(1) In the embodiment, the culture information-generating device 4 generates the
information indicating the occurrence of the secondary iﬂfection as the culture
information. 'However, in the present invention, the culture information is not limited to
this information. Fpr example, the cultur¢ information-generating device 4 may be |

20 | cénﬁgured to generate a trend graph representing the change in the concéntratidn of the
carbon.dioxide (CO») as shown in FIG. 3, and to output the trend graph as the culture
information to the built-in or separately provided display device anci/or the culture tank 1.

- When this trénd' graph is generated as the ¢ulturé infonﬁation, a worker determines on the

basis of this trend graph whether or not the secondary infection occurs, and takes

ro
(o]

predetermined procedure for terminating the culture in the culture tank 1.



"11 prevent deconposition of proteins(products). [0031] In this
manner, the information processing unit 4a of the culture '

i nformation-generating device 4 is operated on the basis of the culture

5i nf or mat i on- generati ng program thereby automatically detecting the
occurrence of the secondary infection &h the basis of the time-series data
associated wt 8(t)sle)gjhconcentration of the carbon dioxide (CO2), which is one

conponent of t aust gas exhausted fromthe culture tank 1, .in an

on-line state. Accordingly, according to the virus culture device A it is
possi bl e to corpl 8t BV ieddlyé afiee therassrmense of derserdine isflatorauinesh Hied art
10and to tinely evaluate the culture conditions of the virus. Furthernore,
it is posdétbimanedowhetheri aaohtheerimiry ideation d perswdion af dw filsemexintum walue)
conditions of the virus and the objectivity of which is inproved conpared
to that ofindthe s¢@hddirgdnfaction (gB3@]on of the second matineurprelsendecuiventi on i s not
~limted to the enbodi nent. For exanple, the 15foll ow ng nodifications nmay

be consi dﬁb%&er, the determindtion BssbdiStc® WRBAhEB & urreh&EL1GHE Lddifig may be
i nformation-generating device 4 generates the information |ndfcat|ng t he

occur rencg af it h‘?ha':‘tel?, qgggﬁr%{%éé%féﬁﬁeism rﬁ%&ﬂ% f&ﬂn’é bf ceon‘cé(__}{t%l"ti?ﬁ,'&)%g%e{%g ver, |

in the present invention, ure informatiron 1s n his-
i nformation. For .exanple he, culture informati.gn-generating device 4 may
be 20conf e%juwngilﬂ%a BBy Eorier I be tSBHRAIER P LE TG Pt BRARGS P ¢ he
concentration of the ' .

times as in the embodiment, and may be a predetermined number of times other than two.

[0034]

10 (3) The change in the concentration of the carbon dioxide (CO,) as shown in
FIG. 2 is measured for a specific insect cell and a speciﬁc virus. However, the primary
infection and the seéondary infection are similarly generated from a variety of viruses
and animal cells other than an Iinsect cell. As such, the first maximum valué and the
second maximum value are considereci to be generated independently of a relation.

15  between a virus and a cell, sﬁch as (;m insect cell, that serves as nutrition for th¢ virus.
Accordingly,l the present i.nvention is not particularly limited to the relation between the
virus and the cell that_ serves as nutﬁtion for the virus.

[0035]
(4) In the embodiment, when the culture information indicating the occurrence of

20  the secondary.infection is input from the culture information-generating device 4, thé
culture in the culture tank 1 is terminated. The control of the culture. conditions of the
virus based on the culture information of the culture tank 1 is not limited to this |
termination control bf the culture. A control other than the termination control of .the

culture may be carried out on the basis of a variety of culture conditions which are

o
[S108

“ sequentially supplied from the culture information-generating device 4 to the culture tank



‘carbon dioxide (CO') as shown in FIG 3, and to output the trend graph as
the culture information to the built-in or separately provided display
device and/or the culture tank 1. Wen this trend graph is generated as the
~culture information, a worker determ ”‘f% on the basis of this trend graph
whet her or not the secondary infection 0ccurs, and takes 25predeterm ned
procedur e, f t l.nakhi Jre | ] | Lyr ' 033]
2y s shbwn ors SRR il EeordedhE et} ol Ml e bined e
it is determ ned et her or not th rimary infectiaqn enerati on of. the
st o TTROG DR CAE haniTaty SHAsiop ERrSeiTos o Bms Pk Mo ot Meh S e ond
maxi mum val ue) occur. 5 However, the determ nation associated wth the
occur r encroyide threganeetidney tes/inbumetpa teeilie critere tank 1, epé theuwbere tatk 1 i nes t he
maxi mum val ue of concentration of generated gas, which is a paraneter for
deci di ng mhe mtodiffritina¢ulimne afndithoas oulthabasis dfshaweteibeditlmde indortwabionhi mes as i n
‘the enbodi nent, and nmay be a predeterm ned nunber of tinmes other than two.
[ 0034]5 10(3) Theoxhange in the concentration of the carbon dioxide (C2) as
shown in FIG 2 is neasured for a specific insect cell and a specific

virus. However ,(s)tmh@&ma%ehmﬁe%m% ARAmaA6n %eggﬁaq&mqni tfgée ﬁigsfi; Sipéare

simlarly generated froma variety of viruses and ani na s other than

an insect _cell,. .As ch, ,the,.fi.rs Xi.mum val ue and the, second X1 mum
val ue ar ecoé’(?ﬁrglraa@?é’gHleodabbeongdé%’%g%{%(ggiorﬁggepe a‘éstﬁtg'r‘%ﬁ usgeq* é?‘&‘ttﬂ%ﬁ‘ﬁ%ﬁet ween
a virus and a c&bl , such as .an.insect cell, that serves.as nutritjon for
the virustaiiadcol BF REgPSRt IRYsBLQR sk imitsd éhthioepniiguRgen paf ks ¢aNCERFafiop ni t ed
to the relation between the virus and the cell that serves as nutrition for
t he vi r usof § @oaBReltptherihantbe sabonl divsde (Cihemay e mxakurad es long@s thet | on

i ndi cating the occurrence of 20the secondary infection is input fromthe
cul turee i edngpomeht ioa-ggeaanpdnenrefyemtihgd, spedial chahgdlinecontentfdogtd there tank 1
is termnated. The control of the culture conditions of the virus based on

the cul t ugeni 6 tRE PREaBNnGctibASndbt the sEcohd idfeb§odiot Iimted to this
term nation control of the culture. A contfol other than the term nation

control Ofndgﬁﬁalciﬁsptl%ﬁliﬁpy be carried out on the basis of a variety of
culture conditio I Cn are :
[0037]
According to the culture infqrmation-generating device. the cultu_re device and
15  the culture method of the present invention, it isposéible to timely evaluate the culture
conditions .of the virus, and to provide a technique of evaluating the culture conditions of
the virus whose objectivity is improved compared to that of the related art. Further, it is
possible to prevent the culture tank from being contaminated with bacteria.
Reference Signs List
20 © [0038]
A: virus culture device.
1: culture tank

2: virus feeder

3: exhaust gas analyzer

o
o

4: culture information-generating device -



"25sequentially supplied fromthe culture informati on-generating device 4 to
the culture tank 13 1. For exanple, the culture information-generating
device 4 may generate the culture information indicating the prinmary

i nfection {generation of the first naxhgun1value) and provi de the generated
culture information to the culture tank™ 1, and the culture tank 1 may

nodi fy the cul tyr LEl ‘basis of the received culture

i nformation. 5ﬁ%0§g?ﬁﬁﬂbﬁbﬂﬁ?ﬁﬁﬂyﬁﬁfhe enbodi ment, the culture information
.1s generated oq_the basis of the concentration of the carbon dioxide (CQ2)
of the exhaust Ga¥°B%Rd0%ted fromthe culture tank 1. The present invention
is not limted to this configuration. The concentration of a conponent

ot her than the carbon dioxide (CO2) may be neasured as long as the ~
10conponent is a gas conponent representing a special change in
concentration in the event of the primary infection and/or the secondary
infection. Industrial Applicability [0037] According to the culture-

i nformation-generating device, the culture device and 15the cul ture nethod
of the present invention, it is possible to tinely evaluate the culture
conditions of the virus, and to provide a technique of evaluating the
culture conditions of the virus whose objectivity is inproved conpared to
that of the related art. Further, it is possible to prevent the culture
“tank from being contam nated with bacteria. Reference Signs.List 20[ 0038]



"A. Vvirus culture device 1: culture tank 2: virus feeder 3: exhaust gas
anal yzer 254: culture information-generating device 4a: information
processing unit 4b: storage unit - 15 CLAI M5 1. Aculture '
i nformati on-generating device that inputs a nmeasurenent signal indicating a
change in .concentration of a target conponent contained in a gas exhausted
froma culture tank holding a virus- @Bml?['ﬁni ng culture nedium .and perforns
- predeterm ned information processing on e measurenent signal, thereby
generating culture information indicating culture conditions of .a virus.
2. The culture information-generating device according to claim11, wherein,
when 10the virus is seeded and cultured in a predeternined cell that serves
as nutritlon fof culigeypiormation-ganeratinedgyise thep lpuistemgesyesmanesigeall t ur e
information indicates that a maxi numvalue of the concentration of the
gener at edindmstinga glemege at ecdmantpert@detfertmngataﬂbnmmﬂamrconfamedn’ea gad&thatitted cul ture
i nformatl on-generating device according to claim1 or 2, wherein

"5 from a culture tank hold1ngav1rus -containing culture medium, and performs

predetermined information processing on the measurement signal, thereby generating

culture information indicating culture conditions of a virus.

2. The culture information-generating device according to claim 1, wherein, when
10 the virus.is seeded and cultured in a predeteﬁnined cell that serves as nutrition for the

virus in the culture tank, the generated culture information indicates that a maximum

vélue ‘of the concentration of the generated gas is generated a pfedetermined number of

times.

15 3. The culture information-generating device according to claim 1 or 2, wherein

the gas is carbon dioxide (CO2).

4. A culture device comprising:
a culture tank iﬁ which a vims is cultured;
20 - an exhaust gas analyzer that analyzes and measures an exhaust gas exhausted
from the culture tank and outputs a measurement signal indicating the méasured result; -
and

the culture information-generating device set forth in claim 1.

25 5. A culture device comprising:



"the gas is carbon dioxide (CO2). 4. A culture device conprising: a culture
tank in.which a virus is cultured; 20an exhaust gas anal yzer that anal yzes-
and nmeasures an exhaust gas exhausted fromthe culture tank and outputs a
measur enent signal indicating the neasEéed result; and the culture

i nformation-generating device set forth'in cIa|n11 16 a culture tank in

which a virus igs,( %}gwﬂg% wh1chawrusq§'c|¥iﬁﬁ'9d15t gas anal yzer that anal yzes
and nmeasures an aust gas exhausted from’the culture tank and outputs a

measur enent si gna i cati neasured, result; and 5the culture

T or matt on- gedBig ébﬁwggﬁfema@%%@@ g exgaussqgaémxﬁw&eddev. ce
conprising: a culture tank in which a virus is cultured,

exhaust alragu)iues tank and awRN{sAas castranA Signagndipatingihemeasyred réSGWaust ed
10fromthe culture tank and out puts a nmeasurenent signal indicating the
measur ed angdsul t; and -

5 the culture information-generating device set forth in claim 2.

6. - A culture device comprising:
a culture tank in which a virus is cultured;
an exhaust gas analyzer that anélyzes and measures an exhaust gas exhausted
10  from the culture tank and outputs a measurement signal indicating the measured resul;c;
and

the culture information-generating device set forth in claim 3.

7. The culture device according to claim 4, wherein the culture tank terminates:

15  culture of the virus based on the culture information.

8. The culture device-according to claim 5, wherein the culture tank terminates

culture of the virus based on the culture information.

20 9. The culture device according to claim 6 wherein the culture tank terminates

culture of the virus based on the culture information.

10. A culture method in which culture of a virus is terminated based on a change in

‘concentration of a target component of a gas generated by culturing the virus.



“the culture information-generating device set forth in claim3. 7. The
culture device according'to claim4, wherein the culture tank term nates
15cul ture of the virus based on the culture information. 8. The culture
devi ce according to claim5, wherein the culture tank term nates culture
the virus based on the culture informatfion. 209. The cul ture device

of

accor di ngy 0 Al furHGh 8k dedding ) Lt 1§ A lifN PRARKEBirf Mk L RAOT the

virus based on the culture I nfornation. ‘Aculture ne rch

ou 0 Sl LR BTSSRI R, SOLES AT 7,2

culture nethod according to claim 10, wherein, when the virus is seeded and

cul t ur ed YIRS sradBiss Wagiermagimum paluc gpthgeangeatratiny ofithe gerferted gas 1% r us,
culture of the virus is term nated when a maxi num val ue of the
" concent r sgenontedfa prhdetgameedbedberad tinkesgener at ed a predet er mi ned nunber of

times. 12. The culture nethod according to claim:10 or 11, wherein the gas

i s camrbon dioxide (CQ2).

12. The culture method according to claim 10 or 11, wherein the gas is carbon

dioxide (CO2).



