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Abstract — The porcine epidemic diarrhea virus(PEDV) production yield in spinner flask cultures using Vero cells
immobilized on microcarriers was improved by the selective adsorption of ammonium ions in a Carberry type bioreac-
tor which was equipped with Phillipsite-Gismondine synthetic zeolite. Though the apparent cell growth seemed to be
lower than that of control due to the aggregation of microcarriers between impeller shaft and the adsorbent, zeolite was
found to not to be toxic to Vero cell, considering estimated glucose and lactate changes. Zeolite was observed to remove
ammonium ions effectively in both steps of cell growth and virus production. In virus production, the virus titer with
zeolite was two times higher than that without zeolite. Consequently, zeolite was found to be an ideal adsorbent for
higher production of virus vaccine with the effective removal of ammonium ions.
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MDCK AI2Z[11]= 4 mM o]32] i o] F=ollA Al @4

FEAES] el QlolA xR SFERS Fo Ty S doy)= Aog HuHrh GRE o] FF AL AR}
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7] gk o w2 AA 7 7HA) o] A=EHSITE A A= vk
N o] SFERE AR Ak wdstAY, SFENS
glutamateL} TR o] Ak, Bi= pyruvate?} 722> thE 222 T
Asto] AlPETAbel] RISk o] bRy o)) WS Eole= B
OJtH17-20]. -7 WARE $Fi o] 2o] A ER= FA] AR C 27 E
FA A8t PR o2 H24& WHshs WRo|th9,21,22].
o] 7 7K ¥hH B by o2 A4 A3 9 24 R &
g B0} A3e] Aot ofe] FEAEel 247} 2-gak=t
FAIZE AAY BAGo] MRl T TS HAlt o)F o
W Jeong®} Wang[9]°]l 218l 270% 34 zeoliteQ! Phillipsite-
Gismondine> 5+ ool tfgt Ay} F2 §5o] 3 5
S]] et Az wjokl o R ARy o]& A AlA
grozx Mz A7 gl AL S SR 5 vk A ek
SRl Al 483 7 vk Aol vk RERT gle] ol
ATh.

ulo]e] A WAl AAke]] QlJA] zeoliteol] O3 FHF o AA &
B gohr] fJEl & ATrellA] AR vtole = X R-Ed A
A} mjo]#) A (porcine epidemic diarrhea virus, PEDV)E. coronavirus®]]
£3%ith PEDV 7ol 2lsf sk =iA-5-38/3 HAPE (porcine
epidemic diarrhea; PED) o] A=} olu]2} S4J 4=, n]S=o
ME A Y AARE dod)E B4 vloley Addoltt23].
PEDVel 9t /42 XA vlo] 2 A (transmissible
gastroenteritis virus; TGEV) A3l &gt A3} fARSE A o
2 244 31tH24]. PEDV+ single stranded positive RNA genome
o2 G244 coronavirus® 2 740] 95~190 nmo| ™ FHe= WA}
oz wld® 18~23 nme] FEFS] spikeE 7HAAL Q1AL v
HloJu} == F+8o]t}25]. PEDVE Vero A3l trypsin©] 37
H|A]E o] &3] 145 Althato] Hoffman™t Wyler[26]01 23] 2]
ATk Fulell A= 1992 A5 0% 733 33 AA el PEDV
of thgh FINEEE B3l ZHIAIEE Vero Al3Ee) A& = Ald)st
o] Halalgi27].

mbA] 2 Arella= FAE) zeoliteE 17 S5 SAAIE A
&3 Carberry type2] B=WH87|5 o]-&-38to] Alsznjeka vto]2] 2~
AAE ol A bR o] & AAE FoEM Hiole| A Wil o
7t s A=At

2-1. M= S M|ZEHH Y

2 ARof] ARg3E HEFE WA dB] AREE]= Vero A|3E
(African Green Monkey Kidney cell, ATCC CCL-81)5 AM-3ISIth

M EakS 21519 10% Fetal Bovine Serum(FBS, JRS), 30 mM
NaHCO;,(Sigma), Streptomycin sulfate(100 pg/mL, Sigma), Penicillin G
(100 units/mL, Sigma)”} 371 DMEM:F-12(Sigma)S A&-51¢9,
37°C, 5% CO, incubatorol| ] ¥ Fa}ATH AlE2] Atujaks $a}
o] $100 mm tissue culture dishll 1x10° cells/mL2] FEZ 10 mL
A wjoksh ) 3 714 0 2 AtsFSit). Heamocytometers ©]-8-3+

trypan blue exclusion method& ©]-83to] M¥E5EE ST

22. HIORIAZ 3 Hio[2{AHHY
Aol AbgE Hlolel AT S SRR AAPEE Qo) of

=5k =X G S vlo]#] A= (Porcine Epidemic Diarrhea
Virus, KPED-9)=H, (F)HA m = A 74-0] AEwials 7795t
ARE3FS S, —80 °C deep freezerol] RESIITY

Seed HIO|HAE A48 218191 $100 mm tissue culture dish
o] 1x10° cells/mLY] HE2 10 mLA Vero MXEE HEslo] 347
wjekst & wljx|5 A Ak, 0.1 MOI (Multiplicity of Infection)Z
A 37°C, 5% CO, incubatoroll ] FEH 07 EE0|FH |
AIRE E_E SAAIZATE F2 1AIRE 3 vfole vt 2 vl E A
AstaL, vlolg) A AANAE AEreF F] g} FAEA EoFd
T} 247131 BRF Hlo]HAE AAE 3 vlo]H A A4t culture vessel
< deep freezerell Yl 33] T8 T H O Z A3k E st $ 3,000
pmOE 1027 Yl Elsto] A AENE seed Hlo|H A AL
33t

2-3. OIS B2

AErokS 913 v]HHAZ Cultispher-G 0.17 g& Ca®t, Mg?'-
free PBSZ overnight S-8-A1ZTE B-&¥ Cultispher-GE 121 °C,
207t 71PE stk B Cultispher-G= 10% FBS-DMEM:
F12 92 33] A13 % 37°C, 5% CO, incubatoroll ] 1A]17HE<t
i FskiTt. 1A17E 3 nlEA9l Vero M3EE 100 mL spinner
flaskell 50 mL YL, on/off timerE ©]-8-(33 on/ 303 off)ste] 24
A7 F<F 40 rpm o2 HEA 02 wHlshHA] wg kAol |37t
A =5 SIGITE 24417 - vlA] 50 mLS F7kete] WA F-9)
100 mLZ 9E $ 60 rppm 2 AE52] 02 wRESFAA Hljokst
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2-4. Zeolite T™SISER| M= 2 X2

2 AFelAE Table 13 22 2814 RS 2he 22 FEHI
Phillipsite-Gismondine synthetic zeolite(IW-85, UOP)E Park &
28291] AFER W E o FejE wAsste] ol g5t v
Fele] 133 A= T4 (retain MLW. 12,000, Sigma)s &
2 Bl 3~4r13F B2t o] glycering A ABEL, 100 °CollA
103237 3291 of& 29t slte] 0.5 g Phillipsite-Gismondine
synthetic zeolite® FHAIAA AMESIATEH SdE v Jej o] 14
3152 Al= 100 mL spinner flask®] impeller shaft &l 172
B 2E FAske] w2 7 Eatsleltt. Zeolite] 285 918t
o] 100 mL spinner flask®lX] Vero AI3E2] vlj%F 4824171 Fig. 1
of| X9} o] v Feje] 1Y SF2A7F 7215 impeller shaft® 1
grato] Fdrt.

Table 1. The physical properties of Phillipsite-Gismondine

Typical Oxide formula : K,0Al,043.6Si0,5H,0
Typical Unit Cell Contents K [(AlO,)4,(Si0,)5]107H,0
Symmetry Cubic

Density 2.18 g/mL

Unit Cell Constants a=20.1A

Unit Cell Volume 8072 A°

Framework Phillipsite-related

Void Volume 0.22 mL/mL
Framework density 1.45 g/mL

Large Molecule Adsorbed SO, not O,

Kinetic Diameter 36A
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Fig. 1. The schematic diagram of Carberry type bioreactor equipped
with zeolite adsorbent at the impeller shaft of spinner flask.

2-5. OIS siYolMel Hio2{A 24y

100 mL spinner flask(Bellco, USA)°ll Vero A& vttt
72X7F] WA 80% A ASkaL, PEDVE 0.01 MOIZE 1417+ F<F
NN\ A 0 R E50] FHA ZIAIZTE AT F bl
AAA 2] FoRE Al viAE Yol 60 rpm Oz AL3)4
Rk vlo|HAE AT vlo] A 7193 & 24A7F A0 2
1 mL¥ samplingd}l®] 1.5 mL microtube®]l 217, vlo]H A~ 7} =
7 7] -80 °C deep freezerl] X I3IATE

2-6. HIO[HANH7} £

PEDV®] @715 #}Q18}7] $18l| plaque assays AHE-SI3IT. #1A]
6 well culture plate®]l Vero MIEZ 1x10° cells/mL2] FEZ Z} well
of 2 mLA AFE3kaL, 37°C, 5% CO, incubatorol| X 3U3F vjoFs}
o] M3L7} culture vessel RS 80~90% ©1/d WO ™ HIX|E A|A
BkaL, 1081 serial dilutiondt Wlol2 A S| NS HFslar, 1A13F
B A 0w S50 ulo|g| 2t Al FAEES SIGIT
1A F mlo]gf A SN A|ASEAL, 3% low melting agarose$}
HIXE 122 £33 overlay BIXE 2} welloll 2 mLY ©=¥E35k,
A2-o)A Z3 ). Agarose overlay HIA]7} =2 T parafilm S 2
plate= 83}3L, 37 °C, 5% CO, incubatoro| ] 287} vljsI3iTE. 2
A7 vlloF & 890 F plaque’t A o] BolH, 3% agarose
solution : BJA] : neutral red solution=1 : 2 : 0.32] agarose <244}
A& TE0] ZF wellol] 1 mLA =X 510 A4 Z3 ). Agarose
G| 7} £ 2 37°C, 5% CO, incubatorellX] overnightsto]
neutral red dyeZ} Mol FAE =5 SIS} v Algshr] ol 4
ket gAulrell S plaqueE Al 97 74311t

2-7. EEE AL AUDE 02 24

ZEEE YSI 2700(YSI, USAYS o]83o] 14519 a1, glatal
QIR 0] lactate assay kit(sigma, 735)2} ammonia assay kit(sigma,
171-B)E ©]-231%] microplate readerolX] ZH2} 540 nm$} 340 nm
= wAstele.
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3-1. Zeolite2| Vero M| MZ0f| CHEH &2}

CHO A|3E8} hybridoma A|3E HljFol|A] zeolite”} L EH O]
AAG wah A B AES] LS FXIshR= AR o]
v] 13159 cH9,28,29]. kA zeoliteol] &J8t ¢hR i 0]-2] A|A
7} A AARE Bol] 8] SFAIER] Vero A7l o]
weh JEE w|X=A]) WA 2ARISITE Cultispher-G W E Aol
T7¥ Vero AIZZE 100 mL spinner flaskollA] Bl FSHA], HljoF 48
AlZFell spinner flask®] impeller shaftE zeolite”} -2} impeller
shaft® W3slo] zeolite7} F-2EA] ok izt 3} Al2/37%-g H]
WAtk 1 A3 Fig. 2(a) A9, zeolite 2] wtollA 2] A|FEA
o] fsh= RS Btk 124 Fig. 2(b)olME= zeolite A2
oA X ARZF Y W] dojutal, B3 Fig. 2(c)ellA ek 2ol
T A E F7IRE Holal JlojA Al AlaE/drdo] AslE slvk
7] ks thE o fE AR7| Ala/dge] v #EE S Slolgt
=3k = QloH, zeolite”} Vero AIPE2] AJ7-& A3liskA] = A
BRI A zeolite A2l oll A AMlsgtert A1 578 €<l
27} impeller shaftell A 1 & Apole] w7}
2E|o)x] 3ol A7 wiEolth. Park 5[29]¢] A¥ellA

URIEAIE ARSSEA] odar -kl 25 CHO Al vl
Fl7] el E3lo] FAHAXA] o} AEFIEe] F7F d
= Bolot, 2 AFelA AR Vero AlE7F 1 B
@ Aol visl A717F 744 g3l Al FAEE 7] v
sampling®]l 2J3ll AXEFEE SYTE W F2 AEsE
Fig. 2(d)°IA zeolite #2]5-2] Y F o] Tt S20F Q3|
AR F 961 7HS 7150 % thRr the] 57%2] YEF ol T
Z Bt o] AFZ zeolite’} CHO, hybridoma A 3Eu[eF 2]
Vero Al ZaoflM T ot I F o] S22 HojFrha &

% Sie.
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3-2. Zeolite2| PEDV MA0f| CHSt g1}

Spinner flask BJ%¥el A Vero A|3EE ©]-4-3F PEDV A4t 34 &
Hpole] 2~ 7ol A7kx) o] MlaznleF 22 919} FUsIIT. Zeolite
Al thzrell A o] uhole el 7HAL AlaEulek 72411k
spinner flask®] WHES W] v|HEAE A2 $- <] <] 80%
= AAS T, PEDVE 0.01 MOLE 7F3A1A 1X7F F9F 4329} n}
olHAnE HFAIA vlo|YAE 7H% & PEDVE AAlste] o]
A G715 A3 Fig. 3)0lAe AEulF 122374 =
Fig. 2(a)2} #RI7HAI R RISssh o5 .31 01, 24 hpi(hours post-
infection)f-E]= zeolite A&7} thaeat EF wlole]ie] S4 0
2 AEEEIF 3 FATS BT Qi) nlola] 2 AARA|
Zte wE PEDVE] 97MH3ELE RIS QL+ Fig. 3(b)oll A,
zeolite | 2]-2] @171= 24 hpittE] 5718171 Al2F51e] 48 hpioll
o] 11.3x10° pfumLe] 715 Bl Fof 7hAash] Al vhde
)22 24 hpioll 4.8x10° pfu/mLe] 71 Bl o AL 7
hS Btk vlolH A Aol QlolM & zeolite A T2l A4
zeolite®] FEF o] AAel &) tizar¥} nlwsto] 26 o]
Hlolg A 71} SRS Btk wheba] & Atellx] 48-st vt
Jejo] 1H3EA 7 F-2E Carberry type BEWHS7]1= CHO
A3} hybridoma A|SER|FEERE ofe) B2]-§-a/4d AR rlole]

oo



Carberry Type HERte7]o Q5E o2 AlACl et SRRV Wil Al kg S

12

—&— w/o zeolite
—O— w/ zeolite

zeolite

Viable cell density (xlO5 cells/mL)

0 T T T T T T
0 24 48 72 96 120 144 168
Time (hr)

25
—e— w/o zeolite (c)
—O— w/ zeolite

20 g G P

1.5

zeolite

Lactate concentration (g/L)

0.5

0.0 T T T T T T

72 96 120 144
Time (hr)

168

591

3.5

(b)

—&— w/o zeolite
—O— w/ zeolite

Glucose concentration (g/L)

0.0 T T T T T T
120 144

168

—&— w/o zeolite
—O— w/ zeolite

zeolite

|

Ammonium ion concentration (mM)

0 T T T T T T
48 72 96 120 144

168
Time (hr)

Fig. 2. The effect of zeolite on Vero cells growth without infection in spinner flask cultures. (a) Viable cell, (b) glucose, (c) lactate, and (d) ammo-
nium ion concentration profiles. The arrow means zeolite adsorbent treatment. The data, from 24 hr to 48 hr, represents the mean and
standard deviations calculated from the results of two spinner flasks. The data, from 72 hr to 144 hr, represents the mean and stan-
dard deviations calculated from the results of duplicate assay in each spinner flask.

A% wolel s Wale) Al EEH 0w AbgE 4 9)

mlo [>
dlo

Fig. 3(c), 3(d)4 A= zeolite H2] oL} )t oA 3
= AR 2 o] WIS ehE Bk uekAItel] uh=
o] &2] WgkE HodFal Qli= Fig. 3(e)ellAl, wholei ke
7P 9] P Fig. 2(d)o} 22 e B o vlole 2 it
WA w8 5 ABARA o)A 24 hpiZbA] zeolite A 2lrolut thxt B
FUEE ool TS itk oled A nlojH A 4

=] L

l-Ll

o}

at

4 AETAS g SFEN OAL AR RS R ol2o] 54
7] Wiz, 24 hpi o] F-FE= Alo] AEE zeolite A2l
oAQ] e o] & L= 2o 2 olglo] 2T S E o]l
SRR EY U] §A] == Zlo] S ®EA Fig. 3(b)elA
ek njolelzs WAl ol7ke] S zeoliteo]) O3 P o] 22 A
AzAYL & 5 A
4.4 £
FEAER A B4 FARER] hRE o] SFEIY] of

Aol @) whgFT), o] ok o] wiakel v FAe AT
& A ek of e} A B SRE AT weba ek

o el 4 F19 P oles

o) $5& FNF A0 A5 5
QEN AL RS RG] B2 US| Sgo] Shis
& AAe) 2l Z7kael mek zeoliteD o]l WAl ATl
%{SH l;]_oh;]_ Zeolite= H],o]g]/\ Hﬂ/\] A‘E}\]— }\]/\Eﬂoﬂ 7]_761— ;»gx-l
o7 Aga] Ysto] v A 193t FHAF £2E Carberry
type BENES 715 ARESl0] S faAARY njole] 2 WALS A
Ak}, 1 A3} zeolite= Hl]H A At =2 0]-8-H= Vero
R 23l 54E eRA) igkon, BEl ke ol Al
I} FE njo])2s Akl QoM zeolited Hel5}
A 2tz 3t vl el 2ul o] o] &2 ulole A 7kE Kojs

9k, )2 zeoliter} P ol2e) Y FHe] s AT

FU

o]

9 AL o] AaljEs vheket AEtH 3EE 7H“6 T U=
&3 S gRleklar, i ArellA ARE-g M E Carberry
type BENRS7 = mIR A S319) H43 22 A7 oFtE A
ARk ohekel wlole] A WAl Aale] {88k ARE TS gl
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Fig. 3. The effect of zeolite on Vero cells growth with infection in spinner flask cultures. (a) Viable cell, (b) virus titer, (c) glucose, (d) lactate, and
(e) ammonium ion concentration profiles. The arrow at 48 hr means zeolite adsorbent treatment. The arrow at 72 hr means PEDV infec-
tion and medium exchange. The data, from 24 hr to 48 hr, represents the mean and standard deviations calculated from the results of
two spinner flasks. The data, from 72 hr to 144 hr, represents the mean and standard deviations calculated from the results of dupli-

cate assay in each spinner flask.
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