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J .  Vet. Bid. ~ o i .  14 NO. I ~ I S ~ S # ~ F I B M C ~ ~ P ~ ~ ~  14 nu'yw I 

G d  Z f i ~ a i u ~ u P ~ ~ l 6 ~ z ~ w i a u i ~  

Gadu 
d 

n. a ~ e ~ a ~ f i ~ ~ f l u n i s i i ~ f l u ~ A " a u a i ~ ~ f l u ~ i ~ ~ i i ~ w " a i i m  outbreak l l ~ 4 ~ ~ A l l ' l d a f i ~ ~ l ~  

nsrn 
d 

u. 11~51d~iui passage 4iuauuin 7 passage awaI$dauiii&as aiqsznaiuGu$ 

ncT'u451niwriaZfiriimFsnl6 
44 9 

A. ~unswdanmnisszuinqw Subtype Z V Z ~ $ U Z U E ~ I ~ ~ ~ $  b " d  T P S R ~ I ~ L L W ~ L ~ I ~ ~ U  

d nisuf w T ~ q u a i ~ q z i i l 8 ~ d f u d a ~ d  a%a~qinn"aq2.a"iaai2unisuiur.aalaFa raazniswmflau 

naiudaafin'uuasT~"auriou~zdiIdI%udas~ 

1.2 inactivated vaccine ~ ? 8  Killed vaccine 

%~u~smdinranzaw"iafkau i'sa~er~w~u~.a"k~rrhad'i] 70 &ar& FmuniAda" formaldehyde 

solution a?eqiqaflufia inactivated virus ~ l~qinnis~ia%aomqiniwa"davszvz Viremia x i ~ f w  
*dr -4 r~uTn$uraazTn~u$afmlnu~~uuamaiu{uFsn16 

Gas 
4d Y 

n. %unsmwanm Subtype ~ w ~ j r ? m u u ~ u u i ~ w " e d  a ~ ~ s m ~ j i n a a ~ x r ~ i d e u  niswam 

Tm%driuu inactivated vaccine ~ZI<?~U~LQAI&J 412fiwfw2~n"fudasB 
7,- d 

u. %unis~~awauuuui~uw"e9~~~~naiudf lamfi~uinndi  awsi=triii~fiaiin outbreak 

A, nisu~mf~$urruuT! fiiuisnw~mln"aBu41uauuin 

Gmraa 
" 

n. Zw"naiu{uFsnl6szu=&u 

m. ~ 1 4 " ? t i i ~ ~ l d i ~ i ? i i  outbreak Lwslz incomplete inactivation ua91a5fi : ~ ' i ] ~ q i n  

f i i s rn id~ f i un i s  Inactivate virus Gqmniw!aiZ4i'Lfinis inactivated virus IZ~WUYSCII 

1.3 Sub-unit va& 
3 

~ ~ u ~ m ~ ~ ~ l 6 u i ~ i n n i s r ~ u n w ? a & ~ a m s i z ~ d a u d s ~ n ~ u u i ~ ~ ~ m u a ~ r ~ a l a F ~  Fmer%nis 

n iq  molecular biology ~ ~ 6 a ~ l ~ i ~ f ( i l l f l ~ d a ' ~ " a ~ d ~ ! E ]  r r ~ ~ m $ u $ ~ ~ q i n ~ " ~ n i ~ i ~ ' n q z ~ ~ w f i u ~ i ~ ~ u  
Y , , , .  nisnsz$uqG~un'ulf iZi~ (low immunogenicity) rraznsz$upG4aJn'u~60zuztu Kauua~8uaGm 

2.4 7, d 7,4d d u q ; l n e s ~ n i s n ~ = i u ~ i  (Booster) VRIUR~ rd~~~n~cbnsz~u?~uu~~~un'uai imuulmmu~"uu 
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a 
ii. Rolling bottle cell culture mmni4~~1:raa8~mu~a"u?m~uima~u~iguejnai9 I10  

uu. $9 500 uu. Y?mnauuuim&~ q v?owamm (Test tube) ' I ~ Y  ~BJa6q:rq?Quu~?vamrLn"a?9u "1 

~da~~inv~m~wi:~:~nw~u~muKamiusauauouKaumaiua~aaels:ui~ 15 sou/.II"aFus rrazrwi: 

; 37Oc 
4 

iii. M b c a r r i e r  cell culture method ~sni?~wi:r"d6Luu Monolayer cell culture 
4 4  d  V 2  Fmulm"raa6rq7~~GuFmuuEa11s~ beads L L ~ :  beads $urr"IIauasus~~uuLmuw1aa8u;lLaa& rdu 

fli?~wi:~"a&~lu DEAE Sephadex A-50 beads 

iv. Monolaver tissue culture fermentor (GYROGENl ~mni?awi:~aa&LLw Monolayer 
d r l  d 

cell culture Fnul4 fermentor asrsunai GYROGEN Tmurmsos fermentor iq:~vammun"aduqin 
d  A' d ' d d  
wu2aum;l fermentor uuuirwmafiuwuwluni~~q~ryriuFm~s;lraaa' ara: fermentor n"q:ai~i?n 

mauquqmw@, pH, PO, Lra: ORP(Oxidation/Reduction Potential) !amubIlu~? 

B. Sus~ension cell culture method 
" 

z3 4 4  d  YZ add 

mmnis~wi:~aa6r~uu~cr"~.aa&~ana~damu~~a:~q3~rGuFmmy%uurmuwlaraussaaa" ariu 

n"Pdwulmu Capstic L ~ ~ ~ A m " l 3 )  ~ m u n l ?  adapt baa&qln monoiayer cell culture ~ l ~ ~ i : ~ w " L & !  

LLuu suspension ni?~~i :~ .aaa"~ruu~aiui?n~auqu~mw~i ,  pH, PO,, ORP 1; aaa:nisawi:rL~ 

a:m!qq:!6fiuimLva6Lflu4iu?uuin &$um$rTu fermentor ~ l a " l u n i ~ ~ w i : r a a ~ l u ~ ~ ~ f i u ~  
3  aiuisnn1:!6~~u41ua~a~uw'u~ms~u!d aa~:r~uu~9w"aiui~w"a~a?fi!6a~u~iu~uuin rra: 

u5mafluTmGu!6uinrdun"u 

2.4 PeDtide (7) 
A ,  2' 

~ f l ~ a ' n % ~ w u ~ ~ Y ~ q l f l n l ~ ~ l  amino acid u i i 1n i s&~a~?1 :~  (synthesis) w7;lanilm"~ 
d 

n i s ~ u ; l i i K u  chain ~ m 9 n ? m  amino aw"rihlelmiu protein us;l~aTaludauwaiuisnn?:~ulw"~iiw 

qi4uFsn rdu VP1 a a i 6 i ~ ~ f i 6 w w ~ u n i ? n ? : ~ u ~ ~ ~ u ~ ~ m ~ m " " m  peptide chain dauvddm9ld 

r~suisa+i ih T-cell aw?i:& peptide r ~ u 9 m ~ i 9 a ~ u a ~ : ~ a 1 u i ~ 6 1 n ~ ~ ~ u ~ f i b i i m ~ E ~ u ~ s m ~ 6 ~  
d  w u  a d 

aviiwma? d;l wang rra:mm: (30) ~6wmas;lw~mrra:wm~aunisl~amvuF~mdinr~a:aw"irdaulu 
A' 

q f l ? i ~ ~ m ~ L ~ U  Peptide vaccine i ; lds l f lga l16ua~ "u"&m;l peptide vaccine z m  !ai6a;l~?ml?m 

~a~ar49~.ii%unisw~ma~u~m~u ~11vulpj6m~ri4u;Iisni? outbreak lls9T?~ 

2.5 DNA vaccine (7) 
d 0 4  4 

DNA vaccine v~m DNA vaccinat ion r ~ u m n ~ m i s i ~ u v ~ n n i s  g'il rumuquuw 
d 

iiiwumnis~iisldsiu%w 7 w a u ~ q ~ i a d m u ~ u  eukaryotic expression plasmid vector n1ul6 
4 d  

fin7a:;Lvul:flu uuw6mrdsu%u plasmid vector $uq:a$79rh encoded protein mmnui 





(Materials) 
wiaiw"l$n~~aui~~n~a%uum~u~i~m4uTsmdin~~az~fi i~aua~u~m4u~~lf w~no%.a"laFfiTsm 

d in~bazr$ ideu r8u active ingredient ~ ~ ~ u ~ ~ f i e ~ ~ w i z ~ ~ i ~ f i a i ~ m 1 a i f i ~ o m d i n ~ ~ n z ~ w ' ~ d a u  

%fim"f iu imuin~~o~wamiu~aiu6a~nio un"a?q$?1dru"i$uuauniodi~ 7 riauQildw3mrBu 

a'R"audald 

r i ~ n i o . u z w f m ~ a ~ ~ ~ o ~ d i n ~ ~ a z ~ f i ~ d e u % ~ ~ f i u ? m u i n w ~ ~ u  ~z6a~wfwa.a f i6 thv iu  

~ ~ a w i z ~ a ~ a ~ f i ~ u i n r ~ o s w a r i e u  ~ ~ T Z f i i a i l T f l ~ ~ ~ ~ ~ ~ f i ~ ~ ~ d i n b 1 ~ ~ ~ $ i d ~ ~ ~ 6 ~ 7 n ~ i ~ ~ f i ~ ~ n 7 ~  

~~~uZuuw~~zln"niia"n~~dnosla" (Materials) ddi~~sy%unisu~rnla?fiTsmdinLia~~w"ideu~~u 

A? Kuld 

I. baai (cells) 

niowf r n ~ ~ ~ u ~ o w d i n b b a z b w " i d a ~ ~ ~ ~ n i ~ ~ f  w~buu monolayer cell culture L L O ~  

suspension cell culture &L.aa&Lvfi?tu~$Lbfi 

a. Primary cell : Z$rrrir.aaAswine qdney (SK), Calf Kidney (CK), Calf thyro~d (CT) 
3 

Yar ~ a n a & ~ v i i u ~ a ~ u a a ~ w ~ z ~ b u u  monolayer cell culture ~ i u a l d b d ~ ~  2-3 passage 
d " * 

esk~ in l6  cell T i n  Organ $u 7 ~~a~6aqzZ~fiiuisn~wi~IMu passage mq~5un6iCu 

b. Cell lines : i s i in7sLwizku~uu monolayer cell culture Lafixsuspension cell 

culture 

- monolayer cells ZW~~riraaA BH~,C,,, Hinlu, PK 

- Suspension cells ~$~L~~L~~&BHK, ,c , , ,  IBRS,, IFFA, La: Hmlu-S Y f i Y  



py i, bLyuEeragsyrk (52) 2 yrLrLung_elsuwrvy pl~byb~y~u~~a~lub~~~unlragspglp I. RBMMLS 
Y 

pb~$?t,f~t~~buon (s,a16eg un!pau lesea) 3wa raglzke %jjl YMLInLp (uo!suadsns job un!pau. 
* 

41M010) SWO BElpkL "3'">r~9 gM69 Pb69 BL2p\Pb_UbLFUY99%~~M592Lk9SLUPb\RLtk\L~bL P Pb) 

1. bL~bW7XM7SLUn~ngI~~~U~b2M~97~MbS2Llub1LLU~@~~RgI~bBDISB2LISH1ISLLU 'M 
r 

ULrtbL!3@bELy 

rcureynErLbrbnnby - w- n~ngrn~Maalp\opp\~1~~~~1bb~p1~nn~ps,"\h pla!A oiaacie\GlLF 
r ' P P 

2b L$99y\BiLlMgfl@ISluE52M~99yML?IbpbULbUDPb bflMuPJLU$MMLILpULF Pla!A ,l$\p79 y\@$L\^LMI 
P a P 

oSLISLBnULnUlMpbLMMLlB$& - e= -9 ~\b$MpfilUgBiL\2LKK1CILLISLB~\F11 y\b~Mpk\B$L\2LM1c1SLISLB 

bnaau55gu59 np~ ~_u~L~uM~?%cLB~\~ (pla!~) ugfleiyr? b&byylnoEsLiszu,9uLpuslbiL\ugn P 

os~rt~wun52~ysl o;eL,Mu ~~L~~~I~M~~~~LB~~~~~F~sLuP~~cIsLPIL~~~LLu .n 

a~niln:, [!a:, uo!suadsns s~~~~~op~bkb~%n~~~~p~~~bb~g1~hb~fib~~~~~99~r~pbn~yb~k -- ' 
r 

~~L~~L~~~~M~~~~~P~~U_CPULI%LJPLU~D~ISLLUIS~NLUP~~~ a~nlln:, 1la3 ~ahelouou !zgoulugn -PP 

%~LOPSH w PLU~B~ISLLUISL.MULIS~~B~L~~~~~C~LLISLM~~L~~L a~nlln:, 11a3 uo!suadsns 4p~~ug~gra 

bBM% bbOn9BFbLpPULISPbLPbLbnLUJPLUbDypSUPb RF9 ?L~M_CPCILISLJSLUbO$ISLLU 'U 
P 

%p\GFb~M"'LUb@2M~MSLURlM\LLU~~2Ml9U~"L' , ~eo 
6 

eebpguY2Lyn gr~po~bg~y~raoys~~~s~u~~u~pus~~~~~ug~~~un~~us~n~~en~~~sgue~ P R 



6S,by11b 1~ B~,?MLIP.BLLY~\:~~~ PU~LIP uo!jnl!p LyLpynp? b+ysra~y5plcn uo!lnl!p ngr m P 
m 
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v?m = 7 . 2 ~ 1 0 '  aaw6/"lml 

v;o = .72xlo6 rraa&/jiml aflum"u 
cd 

nisCuL.aa6$~uu%$KuuinLwsi~iuisn&ainm~q~~niw v?mmaiuauys6vm;1r.aaam 
d 

~wi:Z~uvm:~ZuaKuKumGu'~l.aaa" iiCn"nmTuTn~~afim6a6$la'n"9~"s~lunisCu~.awa" Tmer~.an6d 

rwi:uuu.n'aaduku6u fiiuisniinisGu!~mumssrdm~~inisdn6~aaauamum~%uSaZu Aau% 
A'- 

Monolayer cell culture $14 ~~m~eimu~~~6mmnui~inwu~ani"11u:rimu ? ~ q ~ l ~ ~ a 6 u l ~ l J ! 6  

ni%bwl%bslm&iabda9 (Subculture of the cell) (26) v u l u ~ s n l s ~ u  start nISLw1: 

~.aaa3vsj~6~~innis~wi:lu~u (passage) ~ a ~ 6 a ! i a . a a a " ~ ~ ~ ? ~ ~ ~ ' u ~ m ~ ~ ~ ~ ~ r 6 a  adu %unisiwi: 
d a 

LT~&LLEIE~ monolayer cells culture I~U~~Z~:LWI:  48 4q~u.l ~ S ~ ~ ~ L ~ R R ~ ~ ~ ~ ~ ~ W ~ ~ I " I I ~ ~ ~ I . ~ "  

Lwl: (100% cell sheath) r i m l ~ l n i s r ~ i ~ u  (passage) dm\d4m-xm~a~urri i& I~tk61.1 

~~fi f i%~~l: ' i ldd~~~anl" l i~:69u PBS (phosphate buffer solution) d~ 1 mM EDTA LL6'2Lm 

solution ~613manits ~in~u?qiour.aaa"1~"VQm9in~ani.nu:6au 0.25% trypsin L f l U ~ i ~ a ~ W m  

iauEar.aa6 &\a" 30 ? u i i  ?sami& aa6'aii??dEiu%u$j 3 7 " ~  rilurani 15 u i i  s.aa66q:amnwqm 
" %. 

4 4  d aon~inZaniau: v ~ ~ q i n C u ~ ~ ~ ~ r . a a a " % ~ v ~ m ~ i n ~ a n i . n u t n ' ~ v u m 6 a u u i ~ u m % f l u n i ~ ~ w i :  

aiusr.ann" r~a:~Yunis stop action 11m9 trypsin 6au ~in6u?~~mr.na6d!n"u1~n'ulnu~am v?m 

tube v?a flask vuimsa"n ~in~u?s~ur.aa&iw"m~~iiiuamr.aa&~~: start au passage im!d ?mu 
dad 4 d v nisuEi;lr.aa6~imu!n"6uuirwi:luni.nu:muur~u~l~rwi:r~u~~sda& TWU%$LTA~ start wim!bj 

aiiu 3 - 5 x lo5 cell/ml ~?~; ln i~~Wi:%~dlbd~:~~k daub~fi6~Lv~mn~q=~inl~Ln"~l%u deep freezer 
d 

W&%U liquid nitrogen rwmnls~.a"siu%un~sdm fld ~iv?uniseimu~4a&rruu monolayer cell 

culture vm~iiGn~mmTuTa~~afim6&ma"qtd~uTrrmn~i~!drin6mu %I I=%$ 0.125% Versene- 
w 
cl a 

trypsin ~ f l U n ~ a ~ ~ ~ r ~ ~ 6 ~ i n ~ ~ ~ ~ n i " I I ~ " , ~ ~ f l ~ 1 8 i ~ n i ~ L ~ ~  7: incubate 37°C 15 ui; aaa"top 
4 d  d cd4 ' 

action vma Versene-trypsin 6auurmum%flunisrwi:i~usr.annwu~?u 

daunis subculture r.aa&~ruu.n'arelukur.aa~n'flL'smi$u ~dsnis~=!bj~~uinr~in'u~.aa& 
4 4  d v rruu monolayer cell culture ~ws i~~~~~~u~n is r rE is~ .aa&.n 'a~du~uu i  dilute 6?uurwum%"d 

rwi=iiusr.an&~muiiuam%~r.aa6 start 165 x lo5 celi/ml 6aiuisn start cell %u passage %vbj 

16 

Growth curve (26) 

nisrq3"ssurZuFwam.rr.aaa"Fwurawi: cell lines ~ : S n ~ s r ~ ? ~ r Z ' u T m o i i ~ ~ u i m s ~ i u  $3 

~iu1~nr~uuaBunsiduims~iunisrq~~~FiuTm!6 (standard growth curve) ~mu%un?srFiu~m 

s=u=LUnvmsniT subculture q:tqrafli 2-24 ia~u.r%uni~v~m~~!bjr~?~r"m.u~mrra"an'nu 7 r ? ? ~  
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u12~~n9g ~d nyssngeynp %o~-s m~rs-sys " 
?03+'0) aJnlX!U '03 @~BU~\L~~~-~~I~C~.!LIPLD $\KOOLE(n?$% Hd LAUi2baBMbfl$9p\ P 

u\ '03 u~u:" aseud 601 bepn~u~~1beeugn~ifigb1s~uz~ha~11nug LFyuLsb@enysLnnIpLeu 

LUIILUU~~~L~B a n (13npold-Lq 3!loqeiaul) ugngrfi~bss~ur~~n:e,n~ngug~y~~~u '03 n;ncs 
a ? 

n-bnug ( fo2fi1) aieuoq~e3!q tun!pos &lysle&nug p~bsps~g-pghabpnssb~~. ~oi3e~o3 auLzua 

nl;lrbunce, - aJnSSaJd 3!lotuso '~d u!elu!etu u~gmrsb~ uo!inlos lies pa3ueleq ekn 1e3!601o!sAud 
a P -a 

npsa~nm~p-a (eipatu alnilno )lag) ysesbngi:~uss~n~nn$~eneuze,pa@~us 
"P" a P 

PbLbb$hapK19%19 FllBEU9 

'nnLue - 'ng'g%ausu su F np~bu 1. ~~~nsuxpyb~~y~~sbngsx~hs~n~~ p~bsb~ffiugdg1ii4kbs 
OP a 

si,u 'u~~bs~~s~uepnl;l1~~~n~b~~ha~i1e,~ln~as~0g~~~r~ee, rro?ue1r2eLuBLnue,negey P a 

PL~I" 43 (e!pa~u a~ni1n3 ija3) yhsbscra~s:~haselue,~n~enu1 (uo!i!~~n~) e,~n~es~~nnsrs A~!J~IOWSO 
r = P 

'~d 'r$hmB ~II$\~PL~~/LI 1. b~pbpr~ u~~p~~r~eugn~liin~bsr~un_unep(nr~lrnus-~har 
6 R 

&L'J:bl2LLIPOb@MLkbB$2b~Pb~1Lk Pb$S\bLp@$~b$9L~&MnO2Jp~LbBM9Xha9"2M19 P\bLp@ 
a R 

lessah a~nirn3 nlobn ~ros~~~r~un~~as~ngsnn~~ss~ue~ngs~~ epau aJniln3 lla3 
a 

(01) (un!paU) 6FrE ,z 
ys~@p~~2~pn~bnn1syh9bibcngsz~kse~nag~e,~un~rrb~e%1s1~bneu 

6 

e,~unua~agxystpn em3 ~4~0~6 b$ ,.aseud neaield,, Lpp:ra:e,ung nLu 1 ney:byubs%sr 
.P a a 

UL~~~G~L~$@~,UIP~~LE~M~~D~I M~T[,~~~~~?LLUU~~I/L~~~MB~~~~~~IPU~~~~~~~M~~@PO~BL$U~:B~P, 
P P" P 

-un ,.aseud 801,, Lpunssnara"sm ursusugngsbgb1b~2~cun~ 1, bLuu-n-rqLpr 2 npepprr 
" R a ,- ' 
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Balanced salt solution rLEi~Bflf l I6~flu 2 ?i%m 8~ 
d 

2.1 "6mw%4d~umaiuau~a66auainifia~iiqr$ua%u?mYunirlwi:L$uq~suu7m im:; 

rgwir~u.d~md%"a"~~; ~un?iua$u~us'.$1~!~i$9uin sdu Hank's balanced salt soiution 
l l d  d * 

2.2 v~mdd~umaiuau~a~&au O,+CO, (510%) rra:rJuuanun%=n HCO; '~unaiu 

a$u%u'w4'.6u$les ldu Earl's balanced salt solution 
dlld l l d  d 

Earl's balanced salt solution solution wmnem%uni?erfluusmow~[wlwiza~os 

raa6 ada9~inTzimraiur%u%uva9 Sodium bicarbonate % W T ' . ~ U ~ S  bbi%uni'w4%%awizba~&~;~ 
' K n a ~ 1 s ~ ~ ~ 1 ~ ! 1 n a G u v u n 4 i d n ~ ~ 5 n w " ' p l u  n6ia~aqz&a;l%4ain,1fiwau CO? 5% iflu$ad?ufiupr':tja~ 

4 4  d o  
p~ I u s ~ ~ ~ i ~ a w i = r a a ~  Kilsj~ni'w4%4q~w"il~ p~ vsquLmumni~qLwi:L$aqLaa6i p~ a&& 

d ' 3  
niissamcia i~u~a9;ii%G' p~ m ~ G u v u ~ ~ ~ d ~ m ~ a i ~ n i ~ ~ ~ ~ q r ~ ~ i ~ ~ ~ v ~ ~ s ~ ~ a ~ &  

d d  pi ~w~uamom%.a" lun i 'w4swi~~~u~rana~mu~~~i~  ma?qzd?zneu&ao 

a. Balanced salt solution (Earl's or Hank) 

b. Carbohydrate source : glucose 

c. Amino acids 

d. Vitamins 

e. Biological additive 

f. Antibiotics 

g. Serum 

h. indicator : phenol red 

i. Water 

Balance salt solution ~ ~ i ~ a i u a j i ~ ~ i s n i ? r w i ~ u ~ ~ a a ~ ~ ~ ~ & n ~ i a u i r a ~ a % u m o r ~ & u  

fl'w4d~B9 Hank's arn'. Earl's balanced salt solution 6 i ~ i n ~ ~ 4 i ~ u ~  7 9'.1flunisavizl~u4rua6"~-d 
3 d 

4:u"u r r ~ ~ i ~ ~ w i ~ ~ u ; 1 ~ a a a " L u ' w 4 : u z u i a ~ ~ a ~ i ~ ~ u 0  6s~~auhdaudszns~ l$u  q mil.rgns 
2 
vuz7u 

3, d 4 4  d 
uonq~nuusu frlorganlc ion &ILJW 4~~~u~d1~uamurws1guni'w4LvizLiuqr~a~&i~l< 

Sodium ( ~ a ' )  Chloride (Cl-) 

Potassium (K') Phosphate (POT) 

Calcium (Ca") Carbonate (CO,=) 

Magnesium ( M ~ ' ~ )  



uey doldhl au!3na!osl 
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umnqin<~~i?mi~pdiaipd 7 $ ~ 1 ~ ~ ~ L " m ~ 9 ! E 1 % p d ~ i 9 ~ ~ 9 ~ i V ~ ~ l f l i ? L ~ i ~ L ~ ~ a " L ~ ~ i :  

. d d ~  Ldu Biotin, p-Aminobenroic, Ascorbic acid 'I ~~a~uia~ud!uu~~u~i3pddauwfiu4i~~u~z&m~ 
d 

r'iu?miGuda,-aiu%pd~ifiua91d ~wmdau%uni~~q?~~?uFm'11'il~~~dna"Aau 
d 4  d 

Minimal Essential Medium (MEM) afluuLmuw%$Lwi:ciu;lLaa&d?:nmum"aufii?d%%u 

f l i ? ~ i ? 9 % ? m ' 1 I ~ 9 L ~ ~ & L f l ~ ~ d i ~ ~ ?  &m9d?~f le~6% Balanced salt solution (BSS), essential 

amino acids, vitamins LLR~;~~u~?:~I'~~EI%u 7 L & L ? ~  Ldpd amino acid V?m?mi~u&iLflu, 

Co-enzyme, reducing agent, hormone LLaz%"?u~flu&u 
d d  d -  

Maintenance medium (MM) Lflwumuiwmrda.luiqin MEM %$~iv?uni?Liiu?nwi 
Y d d P  4aaa"I~uaamm~!m"uiu (maintain) 1mu~aa&$ metabolism $mu m1qqz~fiu!5~a1ua'uv?mva1u 

8dmi~;iFmudn~~z~G~fiu%~uv?mmiq5~fiu~~i!bj~iiu 2% 
d d  d  

Growth medium (GM d a  GMS = Growth medium for suspension) Lfluuamuw 

hradasuiqin MEM aduKu l f i i1vsu~w~z~~usaaa&~~m%.W"~aa&5n1~~~?ry~?um i n i ? ~ ~ i s K a  
d  mtii.laiuw ~ ~ a z ~ ~ m n i ~ ~ ~ u ~ i u a w ~ a a a " ~ m u d n ~ ~ z 5 n i s w f i u ~ k u ~ a u  idu wuu6 aaa:mmz (2534) 

sd4 
!n"wmam9Lwizr .an~~~~, ,~, ,  L~uu%~rdu~u&au~ioiLwi:L~v~Laaa9rlu~?u 5% a ian i sw~m~a~ f i  

4 4  d  smz~m%uTsndinaaazrw"idmu (5) a~ i~5u i~~aaa~a iu i~n~q~~~~mu~ml~uu~~u9r l !b jm"m~wau~~u  
d 

%$a (serum) Fwudn~qz5;;d~u4iuauvaiua~m~1~iu~~nGiui%~u~u%pd5~~urwiz 
r 4 u  2 4 ;  

dus~aaa" ~ d u  ~ i u u y w u ,  a iu i i i ,  %iuns:diu, 'iiiu~m-ns:& asa?u~vdituq:<iuiqinmuv?m 

8ma"d5miqfimu ~~~i:q:dau%.W"nisrq3ry~?uFm~m~~~aa~~u 

serum ~Gi~iqin8m3wu$aldq:5fii~d19 1 ~ L ~ ~ U K ~ W P I U ~ ~ ~ I S L W I ~ L ~ U . I L S ~ ~ &  ~ d u  

inhibitors, toxin, antibodies, v?m infectious agents ~9~pd~9uuu%~iuqin8ma"mi~~mu~$ms1in 
.A& i d  2 

qzia i~~vTj id6mu ~~dKivin4i~f lu~:~m~%aa~uvufi i~~9~~iudum~~:&m~9;i inisi i i~mm~n~idu 
d 

riau ~woi lo~Kunis iwadmni~~q4~~EuFm"~m~~aa& ~ d u  nis1.a" PEG 8% (Polyethylene glycol 

8%) treated nmuGi!d%% (5) 

r u  4 
Other nutrients umnq in f i i ~d4 i~ f l udan i~~q? ry~?~Fma ' i ] ~~aaam~~nT j i au i~~~a  C d  

~ ~ ~ ? ~ L B U L L ~ ~ ~ ~ N ~ ~ ~ ~ ~ ~ ~ ~ L ~ ~ U ~ ~ ~ ~ T L ~ ? Q L ? E I ~ ~ Y ~ ~ L ~ ~ ~ ~ ~ V ~ ~ ~ ~ % ~ ~ ~ ~ L ~ ~ ~ ~ ~ ~ ' ~ ~ ~ W ~ ~ ~ ~ ! ~  

4 4  d  u 
%uuLmuw%aLwizLiusraa& 7n"LLri Lactabumine hydrolysate, Tryptose phosphate broth (TPB), 

Meat extract, Yeast extract 9 -- 
Antibiotics % ~ f l i ~ L W i ~ L ~ ~ ~ L ~ ~ & n " i ~ i ~ d ~ ~ ~ f l 7 ? W i ~ L L ~ E l  aseptic technique  flu 

f i f h s ~  6n"abi47Lfl~l:&?19 antibiotic LLd8dl9%~ LW91: antibiotic d%.a"~ f lU~~U. ]L i~ f lm9n '~n I?  

contamination ~ ~ f : V ~ i 9 n i ? L ~ i ~ L ~ u s ~ ~ a & ~ ~ i 7 ~ ~  !ai~&~iLflpddmni? metabolism " U ~ S T ~ & L ~ U  
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Glucose 

NaHCO, 

Lactalbumine hydrolysate 50.0 Qm 55.5 Qm 

Yeast extract 

Neomycin 

Streptornycin 1 .O Q"- 1.1 Qm 

Phenol red 0.1 % 50.9 ml 55.5 ml 

Serum 1 L 

Distilled water make up to 10 L 10 L 

pH (adjust by  1 N NaOH, 7.2 7.4 

or I N  HCL) 

L-Lysine HCI 

L-Cystine 

L-Phenylalamine 

L-Threonine 

L-Tryptophan 

L-Tyrosine 

L-Valine 

L-Methionine 

lnositol 

0.1% phenol red solution 

(10 x Conc.) Concentrated amino adds solution (5 L) 

- L-Tyrosine '9~6%4a:ai~Zu 1 N NaOH 

(40 ml) rimw~11duflu6um'7&d q 

- lnositol'9~m4a:alt!%'ld 1 N NaOH (3 rnl) 

"mu~1Idwfiuh~9iu q 
d 

- a ~ s K m u  q u m n ~ n  3 m'ah4uw 6m4 

nzaiu%u&n&d 2 ;FIT 6 0 ' ~  rimuuau6u 

L-Argenine 4.20 gm 

L-Histidine 1.92 gm 

L-lsoleucine 5.24 gm 

L-Leucine 5.24 gm 

Make up to 5 L with distilled water and adjust pH to 7.1-7.2 by I N  HCI solution distributed to 

1 L bottles and stored at -20'12 

Remarks 

- L-Cystine '9dm4a=alt!%u 1 N NaOH 

Solution (25 ml) rimu %Gi!dufiufkmj 

$u q 
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0.1% Phenol Red I300 mI1 

I125 x Conc.) Concentrated vitamin solution i 2  L) 

Choline chloride 1 . O  gm 1 - Faiicacid qt .$as~r-~ luh  1 N NaOH 

Folic acid 1 .O gm (30 ml) riouuau6a& 

Phenol red 300.0 0 3  

0.1 N NaOH 8.40 mg 

Distilled water make up to 300 rnl and stored at 4 ' ~  

Nicotinamide 1 .O gm 

DL-pantothenic acid 1 .0 gm 

Pyridoxal HCI 1 .O gm 

Thiamine HCI 1 .O gm 

Riboflavin 0.1 gm 

Com~lete growth media for BHK,,C,,suspension cell cultu!. jGMS) (10 L) 

10 x Conc. Stock Earl's BSS 1 L 

125 x Conc. Vitamin solution 37.5 m l 

10 x Conc. Amino acid solution 200.0 ml 

- Riboflavin h 3 1 3 1 f l 1 ~  I N  NaOH 

(1 0 ml) dauuflu%i%& q 

- h d u  q w"Iu"%& 1 ,5 :;FIT dauuwu~au 

n'~&du q 

Tryptose phosphate broth 

Lactalbumine hydroiysate 

Make up to 2 L and adjust pH to 7.1-7.2 by I N  HCI, stored at -20°C 

Bacto peptone (Meat peptone) 10.0 Qm 

Kanamycin (Penicillin) %veal (0.62 gm) 

Streptomycin 1 Q m 

Bovine serum 0.5 L 

Distilled water make up to 10 L 
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Growth media for IFF& suspension 

Phase 1 

NaCl 68.0 gm 

KC1 4.0 gm 

MgCI, . 6H20 1.70 gm 

CaC1, . 2H20 2.65 gm 

D-glucose (anh.) 1.0 gm 

L-Glutamine 0.30 gm 

Penicillin G 1.20 gm 

Dihydrostreptomycin 0.05 gm 

Phase 2 

NaH,PO, .2H,O 1.58 gm 

Phase 3 

L-Arginine 0.2 Q m 

L-Cystine 0.12 gm 

L-Histidine 0.08 gm 

L-lsoleucine 0.06 gm 

L-Leucine 0.26 gm 

L-Lysine (HCI) 0.37 gm 

ILMethionine 0.08 gm 

L-Phenylalanine 0.17 gm 

L-Threonine 0.24 gm 

L-Tryptophan 0.04 gm 

L-Tyrosine 0.18 gm 

L-Valine 0.24 gm 

Phase 4 

Folic acid 0.01 gm 

D-Biotin 0.04 gm 

Nicotiriamide 0.01 gm 

Calcium pantothenate 0.01 gm 

cell culture @ME) (10 L) (271 

- Phase 2 8 3 i u  %U distilled water %UYQm 

rrfiauuim I zms 200 ml aa~aiu~aiau 

Magnetic stirrer iimunin~wfiu~um'a~u 7 
- Phase 3 8 3 1 ~ % ~  1 N HCI 200 ml %UYam 

~rKa~uim I zms du6au magnetic stirrer 

rimunisufiu~uau 1 
& 

- nisu~u%fiufiu&rrd Phase 1-6 miu~l$u 

bwufi~%~uam 20 zns. $ distilled water 

7 &I? bbakugau magnetic stirrer d m  
a~aiuwumran"a~~d~u~mrns1w"~~u 

10 i%s&au distilled water d?u pH 6au 

1 N NaOH w?m 1 N HCI a h  6.8 2 0.5 
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(if0 

Pyridoxal HCI 0.01 gm 

Thiamine HCI 0.01 gm 

Riboflavine 0.001 gm 

Choline chloride 0.01 gm 

lnositol 0.02 gm 

Phase 5 

Meat peptone 20.0 Qm 

Yeast extract 10.0 Qm 

Phase 6 

NaHCQ, 20.50 gm 

Maintenance medium for~sus~ension cell 

Phase 1 

NaCl 74.80 gm 

Phase 2 

KC1 1.90 gm 

D-glucose (anh.) 10.80 gm 

NaH2P0, . 2H20 0.475 gm 

NaHCO, 16.80 gm 

Methanesulphonate 0.375 gm 

colymycin 

Phase 3 

CaC1, .2H,O 2.38 gm 

MgCI, . 6H,O 0.95 gm 

Phase 4 

Meat peptone 30.0 CI m 

Lactalbumin hydrolysate 40.0 Qm 

Phase 5 

Flumequine 0.50 gm 

culture (Van Bekkum medium) (10 L m Z )  

- Phase 3 ~ 6 m n z a i u 6 a u  distilled water 

200 ml %ua?mun"a 1 3ws h~6aiau 

Magnetic stirrer n e u n i s w ~ ~ 6 ~ h ~ u  7 
- Phase 5 6a~wz~9w7o%u 1 N NaOH 200 ml 

%uaam~~nY?auim 1 3 ~ 4  fiulau magnetic 

Stirrer r i o u n i ~ w a u 6 a u  7 
t. 

- n 7 s . a l 8 l V i u l u ~ r  Phase 1-5 m1%616u 

%uaamarfia 20 Gws i d  distilled water 

<luau 7 Gws wr iu6au  magnetic stirrer 

rdaa:wiuv~mrr~a~a l~~uf i~ iws6ao 

Distilled water rrazdFu pH 6afl 

I N  NaOH v% 1 N HCI kflu 7.3 i 0.1 
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(10 x Conc.) PBS (Ca, Mafree) 

Na,HPO, 11.4 gm 

KH,PO, 2.0 Qm 

KC I 2.0 gm 

NaCl 80.0 Qm 

Distilled water make up to 10.0 L 

Distribute to 1 L bottle and sterilized by autoclave at 1 2 1 ' ~  for 15 minutes and 

keep at 4'C 

1 % Trv~sin 

Trypsin 1 .O g m 

PBS 100.0 ml 

Filtration 0.2 p and keep at - 2 0 ' ~  

1% Versine 

Versine 1.0 gm 

PBS 100.0 ml 

Sterilized by autoclave 121°C 15 minutes and keep at 4 ' ~  

0.1 % versine-Tysin (VT) 

1 % Trypsin 12.5 ml 

1 % versine 

PBS 

Tau 100 rnl l.d"w"ldiw&n~sufiu 

Tryean blue (stock solution) 

Trypan blue 2.5 Sm 

PBS 100.0 ml 

r$aqzl.d"qiul~s"~:aqi~fiav PBS 20 dl 

$7 (water) 471~~67 Ultrapure water (UPW) ~B"'I?UUF:W&S T Z ~ Q ~ ~ T : ~ Q U ~ ~ ' I O  

~umeu"11aqn7swf m ~ ~ ~ ? ~ ~ ~ ~ ~ u u m r l ~ z n a u n ' u  :.r4:1&$1 Ultrapure water u?l$d~dualdn[uni~ 
P 3 

I ~ < ~ ~ I ~ ~ L ~ ~ I ~ W ~ W I ~ ~ I J I S ~ ~ I ~ ~ ~ ~ I ~  (351 i? i~~unlsuf iu~ i . i ie I i1pRi1 i rwqx~ae lar~mi  c i m i . ~ ~ u i l  
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I~LuA~~~u&L~~L~I~$ napuy sse16 epos LLU~BII" sse16 iu!~~ UL~LMUULLU:WC~ y\bg~?~i 
"P P m 

Lny9b;uk$usLwDbk U~LULJ~, sse16 epos UL~LEMULG sse16 ajeo!l!soJoq ULLL~~LUIIUIIW~ 
a P 

a '6 

sse(6 pJeu 3411 sse16 iu!l~ 'sse16 ePoS np9 sse16 yos u~~b&ugr~~@nbeg eyruer 
m 

F'L9b.P 

n~~elibppn~kg~~yu:~~~:~ npb~u~ snw paas ldepe sLueg nna~uar~ua~~x~osbn~r~gn 
4 8 6 P 

QL,!JLtKb L~~~Y~SLUM~K~~~~~~~P~~FII nOJJLR$BMlBPLn~IIpUbIULbUgMPLU~ Pappb!$lp9bs& 4 8 

~~19~U5IULbnBp1LM9~9UL~ULQB;L~MgM&LU~Pb0Y1%~9~1l~U$~P11CpL~~B~Pb~UM1UpbLp 
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daso;r nms~e~tz~wrr~un~~~p,~4~upbc~~~gpur 

~ug 000% m~rrg6aubpfuneu~nr ~oiuau~ai ~;~~M~~~C~L~~U~P~~UMIU~L~ 

ba 1. b~/alw~ne ~01uau~a4 ~~~IJRLQ (11) YseU ~au!ds uoleaym pue oqag ULL npr 1. r~ynn11 
a 

n~npoa,~~ss:~~~~~~~u~epb~fu~buan rn -, (1 L) ~ol3ea~o!q peaq sse16 EL$$XURLL aluoq Jalloa 

'ysel~ xnotl R%! - a~nlln3 1la3 ~aAelouou nn11 np1 :~klass~unpbuu~~~ra~~n (siuaud!nba) 
P 

rn~upb epopig npbnap.r~~~~~nu~pw~gbs~~~ug~s~un~~alib~~~~~:~~~~~~n~ > 
P P 

(s)ua~ud!nba) U~ILLU~% L P~~o~EBo~M~~su~"~.~ 

nbuenp?ugrapl~perr~ P1O rn n~:~~nlPou~n:r~u~gapnbrr~~up~p~ 
P m 

Z~ULRLBM~R~~~I,I~~~~%~P~~~~M~T~~BU~~&LU~~~B~L~, $LLU~~ a6essed ~p.~6ki a6essed 
P e 

01-6 pagi,~~ nb9 1 ~y adessed npeun$nLnzh&cv n~n$u~n~llagnsLung$LnLn::b&bs~c1 
m " P 

Pbb$bh LRU~IP~~~LU~P~BP~~~~U~~~~R~~~~~UU~~UL~$~M~~~B~L~~U~~ bb PIS!/( &tkULUML9g$ 
,Pn? 

%LpyUgdlU8gIU~RUg~U$IbU ldepe LtfLpb@$:bL$99pLU~R$ adessed LLUULbIdIUpEL1, 
P" 

g z PbU_IP1LPb&,l 

~LlllW~UL~K?~U&~~~1,~~\T1~I~K p - E z npfiKg9pSU U3,08- q~30is ngrplnymkcgrr I. u~ttyl 

$~~~q~~rrgrr~9wqua1n$~~~s~rr~n:b~nau subop ap:su wg np gcla$nlce adessed 
, P " P 

LXLPL~~~:C npn~u~~~n~~un~~a~~ snJ!A paas n~ig~LKm~aFuLba~9LpgLu 
m P m 

~~"~~~~~~'c"~IU~MI~L~DR~K~I%LCU#~,:I~~ n_U9sn,Mrry,rrLr,uELe mbayntn 
" P P 

m~ri~&b;~uu~;n o - (alg~l) n~u~u~~s~~n@~gflapi~#?:~1~u~pu&~bs~c1,~~~r~e (anlw-~) 
a 8 P 

nsg&g~bLh~agsPa~rrpttLcuLyLnboeula$I P (9) SMB~~~UEU C$ROXII BU~ ~ulrumpb~eb~p~j 

ru 1. nn:rnrnt~ou~n:~~~~u~at~ey sno601ouoq npru snJ!A paas Lnuousbouasn MUIX~ 
m 'P , " P 

P 'iP 
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I Solution I Sterilization I Storage I 
I 

EDTA Autoclave + Room temperature 

1 Glucose 20% I 
- - 

Autoclave 1 ~ o o m  temperature 1 
I I 1 Glucose 1-2% Filter 1 Room temperature 

/ Glutamine 1 Filter 1 - 2 0 " ~  1 
1 Glycocol 1 Autoclave 1 Room temperature 1 
1 Growth factors I Filter 1 - 2 0 " ~  1 
1 1NHCI I Filter 1 Room temperature 1 
1 Lactalbumin hydrolysate 1 Autoclave 1 Room temperature 1 

I N  NaOH 1 Filter 1 Room temperature 1 
Phenol red 1 Autoclave 1 Room temperature 1 
Salt solution (without glucose) 1 Autoclave I Room temperature I 
Serum 1 Filter 1 -20°C 1 
Tryptose 1 Autoclave I Room temperature I 

1 Trypsin 1 Filter 1 -2ooc 1 
1 Vitamins 1 Filter 1 - 2 0 " ~  1 
1 Water 1 Autoclave 1 Room temperature 1 

nis sterilization b ~ ~ m s ~ m q n l n s d ~ ~ i r n ~ w ~  
d 

6qism"niiauirs&a$is6uaduan'~rnis$s.sjir$a (sterilization) r n ~ a s i a a d n ~ 6 d i s  1 

a i u i ~ n 4 1 l h n i u ~ " s d u  autoclave, dry heat smt. filtration TAULDWIZ~~I~$~~IT autoclave 
d LLnZ dry heat 64 ? 7 r ~ u n i 4  sterilized L ~ ~ i Z L ~ ~ ~ ~ ~ ~ ~ d f l 4 6 ~ ~ i 1 i l L ~ f l ~ f l i ~ i ~ f l ~ i L ~ i ~ , d ~ i f l i 4  

sterilized ~uLn$as autoclave +%rn$aq dry heat ?&~vii$u ~ d u  rn$asLLt?a, m$aswaiw?n, via 

U i 9  silicone, via stainless wuililb6n, Lfl$iY4fl4'i197~imLgfl ~ d u  disc filter +%n4a4aini~1"~im 

rgn ndi8aflu6u ((niwd 7) rrdnis sterilized ~ m ~ ~ s i a ~ d n s 6 ~ u i m l w ~  rdu sheet filter. 

Cartridge filter, fermentor ?Iuimdi;1 7 ,  ~n$aas~oni4 Clarify LLnzpurify rdu Continuous 
d 

Centrifuge, Carbon Ceramic Ultrafiltration LLnZfiii9 7 w~flu~~auni~u~ma"6nn"bas'~LLnZ 
A 

a'n~U~SndiflLLnZL~"i~'ilU r ~sLnios~a~dns6Lp4ii i i iLf lu6a4 sterile &aia~n14Cjiu Clean 
d d 

steam (~a$ifl:aimww~w?in$i deionized water) ~ $ I ~ ~ ~ ~ ~ ~ ~ ~ ~ L L ~ ~ I ~ ] I T ~ ~ ~ ~ E ~ ~ ~ ] ~ ~ M ~ ~  

~ rn~wa iuKu l f ins~s17~ 
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d n7wd 8 aaamsnisejiu clean steam a ~ i $ a ~ s o s n s o s r r ~ ~ ~ l  Cartr~dge a& ster~llze riounis%$ 

nsosir3u 

steam out 
steam i n  -----t 

steam out 

d 
n7Ww 9 LLfiFl4nl? sterilize 6% ferment01 

a i r  f i l t e r  

-Steam trap 



n~~~,,~ktg"besu~y~effi az!s aJod UL~LII~! 1l3u! ,01 x ~E'O = UOJ~!UJ 1 ep UJ 9.0~ x 1 
" 

= UOJ~IUJ 1 (UI~ JO J~I~IJJOJ~IW) UOJ~IUJ n~~ra~pn~ne~rnpbgceffiu~nffi re$uby\besus~unn-s 
" 

UB~~~:LMBNI u%b~hariiS~a%ugr~~n~g~~ 1. b~p~f~a (az!s slueu!weluo3) nep?nprvcewLn& 
P P P' w 

,P 0 

~U~L~US~~M~UU~M~B~U~LU~I;L~~UIU~II~~ %- (sws!uey3aw uo!le~~!d) PB~U~LU~L~U~~U 
P P 

s~ub&yn~uu~~mbn~u~n~~$@~~~ PP w ~LC. 

n;n~z~~~~y\sesus~unnzsz~r~ az!s aJOd uLnr (a6p!~ue3 JO 3s!p 'iaays) bauLibaruLnffi 

~carsbae_~uepur~rt~~~c~ ~~L~B~~I~~~BCUSLUPIL~~~~~LR~SC~L~~~LLU~P~LLU~QLU~~~~QC.~ a a 

nounnymb:arr )L!els!saJ ieaq '(6u!pu!q uialo~d) UO!~~JOS~~ u!alo~d 'hi!l!q!iedluoc, le~!waq3 
P- 

'afi~etn rtkr 1. ~.i,yn~yn%n$r~~uu1ip.;~pb;rd~~~ n_~ne~n~~Pg~pub~b~~g~pn1bt%~ (11) hMh 
m 

asolnlla3 '(331,j) aualAqlao~onl~e~lalAlod '(Ja~d) ap!Jonlj auap!~Au!dlod 'auo4jns~aq~aAlod 

'auo~lnsAlod 'uolA~ npr UQLBLUMM~$ (~BP!JIJ~~) basup~2ur9 (laaqs pue 3s!p) 

cesunvnscoa, (e!paw Jall!i) resu~yn~~~~~l~b~a~n~n~p S!SOUJSO aSJaAatl zu19 UO!I~JII!J~J~I~ 

UO~JJ 'uo!ie~i~!J uo!le3!~!~el3 priylhiLu~mg2spprLpey~naprnpr~u~L~~hil 
P 7 

~~U~QOLM~~P~_U~L~UU~~U~BQUQLU~~XQ~~~~~~P~L~~~~~B~P~~~~U~L~~LUP~~,P~~~~~ - p\Pb$bL!4UYll 
P -F k t ri 

2b,Upba2M~?~~[aIPb~C~6OBMLP1k - nyYLEI LKULQMldlOs%l9 PJLI, RFbUR7l L.bO'&l YUF 
e n 

.,LUW~P~\! I. b~y~rp~eungLw~b~Pg~s QLU~~LM~M~M (sa1311~ed) ~~uk~npb~en~u129 
f 2 P l 

Re[L??Lp" ~~L~~sL~LMUL~IW~MR~~B$H~BS,M p\UPgMkJ$ I. CL~Ui'J(LLL_UB;fi RLULB LIHIbBL 
a P P 

u~~i~uoo I. rLyuEanepnpcp?ukL,usLunL I- n~resus~un_uno~aiy~~zspb~j~~g: uo!JeJ)lu 
n 

ssanoJd LI;URQ1PbMgMsLUPbLn2bUP1\b@QUdLU ?L$flgr I. ~L~P~LULM~MSLUP~SQUMLUW~~~~CS 
,P 

F - a 

(hlsripul le3!inaoewieyd) aymnssu~~~~b (htsnpul 3!uo~wa13) UP~$.~/LSWMBN~SL)~LY& - - (hl~npi~~ a6e~a~ag pue pooj) ~~~B~UI%I~LL&L~P~~QUHL@M~ ~II~\M~~~CLU~%~BSUCLU 
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r~a6w"16 Yield virus iq4!6 ~ ~ n i w d  16 rrnzniwi 17 LLam~nisutm~a~a~smdinb~a~bfi idau 
v 

qinr.aa662 2 qQm 

n i s u t w l a ~ a l s m d i n ~ ~ a ~ ~ w " i d o u q i n ~ ~ a ~ k ~  2 ~Grniu qmi'ilunC.rn"Pd uwndiqfiuaad 
4 4  d d 

r~aqbl r~um~.a"~uni t rw izr~uq 8 u i ~ q o ~ f i  fermentor m r r m n d i ~ f u o a n ! d ~ e ~ r ~ d a z ~ r ~ ~ i u ~ ~ a ~  

2 l 9 9 9 1 ~  % ~ ~ ~ I ~ ~ ~ u ~ ~ M w I M ~ I w ~  14 L L ~ ~ ~ T ~ ~ ~ ~ I ~ u ~ ~ ? ' ~ % ~ I ~ ~ ~ I ~ L L ~ ~ ~ ~ " I ~ ~  TAU% 

suspension cell culture method ~ m u n i s r w i z q u i ~ r m ~ d  35-37 '~  l ~ m " m a 6 4 i u a u ~ i 1 ~ d u s w o  

~uf4rda~uurwoi91uim~H6&j Fmunisswi:qzI~ GMS+5%serum 6iesF~lrm6 BHK,,C,, rra- 

BME+3% serum iles?u:llr"na& IFFA, k q % ~ u u h z  passage 4zkbl start cell d 0.5 x 10' r~861ml 

d 
niWM18 A = Funda Filter B = Industrial separating centrifuge bowl 

C = Cotineoue flow rotor centrifuge - 
sensor 

Air cylinder 

EFFLUENT 

SOLD' 

* , I I N '  
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d 
n i w n  19 flow chart a~ms~umounis clarify, inactivate ~a:nis~5mTn$u~sndin~~a:~w"id'i]u 

? i n  Roller bottle cell culture method "uosdiuw5nTmquFsndin~~a:L~i~deu iiCn"nnnFuFail?- 

slmn"8ma" riau~%idqnJq?Gu 

vaccine 
Virus H ~ , c i  prndttctio,! 

c1,iarararm 1 r e - ;  FLTl Imk 100 L. 
lank 500 L. 

500 L. lll"l 

T r r i e d  wilh Scp>m?edcell lnscl j~r t io#l  Mmxisg wllli 

0.5% cblorofonn debris- and by BE1 Solulion nrl javrn~ 

rortign prolcio for 24 hovn 

d 
n i w n  '20 flow chart aL@ma$um'ilunis clarify, inactivate, concentration ~ L a 3 l l ~ U ~ ~ ~ n $ l d ~ ~ n n  

d 
d in~~axw" i~douq in  Suspension cell culture method "~ ' id i~~~mTn$u~snd in~~az~w" id ' i ]u  

i i C n ~ m n n F u F a ~ ~ a ~ m ~ 8 m r i o u d i ~ ~ ~ l j ~ ~ U i d  

ssprrr!cll ccl! Inncl8v;ltrd Purify m d  Treated will, icpmlrd raic<sn 
drbris by ~~~d~~ by BE1 Solv l io~~ Concentralio8, 0.5% cblomlbnn prolcl#l 

Filter for 24 boltri 10~15 limes by 

v lmf i l t r r~ ion 

ryscrm (remaining 

vimr fltlid 110 L.) 

~ ~ 6 G i a i i W f 1 i n i s  inactivated 4 3 7 ' ~ ,  24 abGans'i];rh?u ultrafiltration a 9 ~ 1  Hollow fiber 

I~sA?IUL%U%~$~ 10-15 ~ $ 1  ~ I ~ $ u I ~ ' L ? F ~ ~ L ~ u ~ ' I ~ I ~ I ~ ' L ~  treated 6% 0.5% chloroform L & L L U ~  

foreign protein 8?l"71n virus fluid u a ~ ~ ~ d i u s r u n m m o u  foreign protein aen f i~u  continuous 
* .4 

flow rotor centrifuge 1?~@d1hqz~n~5m~~u~n%uFsndinuaz~wi~dau m"?uniowfiuh 

maintenance medium LLWadjuvant a i l 4  7 r~uTn?ueon~$4iuaia'Ld ~ a ; r n i w $  20 LL@m4&dLmu 

n is  clarify, inactivation, concentration ~ ~ a m i s w ~ ~ ~ n ~ u ~ s ~ d i n ~ ~ ~ ~ ~ ~ i ~ a u ~ i n  Suspension 

cell culture method 
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kniwd 22 r~unisaaan;l~nwmzrrazfiulni~nisnso~"~o~ ultrafiltration a h  Hollow fiber K ~ I J  

fils%% ultrafiltration ~ 4 L ~ ~ $ 4 f l i ~ i i  virus fluid %fib$u~u~a~u?qm~~d'lu"Um:r"nuan'u 

b. purification by chemical v u i u ~ q n i ? i i % ~  virus P ? R ~ I ~ L ~ ~ ~ ~ " I $ ~ ~ U " S ~ ~ ~ ~ ~ ~  

P'Y w i ~ r m i i  u o n ~ ~ ~ o ~ i n n i s ~ i ' l f i ~ $ u % u ~ ~ n z u 4 q n 1 ~ a u a ~ m n d i a u i r ~ ~ a ~ i ~ ~ u  i 9 n i ~  purify 6% 
4 -  - - wisrmi i~qzl f laTan'~~sqm~ni i "a '$di~ q ini iauirsi 'a arazazwan~~nisPlguw~iuuinnii  

a isam~d"18unis purify virus T~m~1inrra:r~i~~uu"vaiuaii.w rdu niswnmzneu6au 

k G u u  %dm, niswnmznouAauaroufurQuu %dm, nirwnwznou6au PEG (Polyethylene 

Glycol) 2,000-6,000 daltons (24) n l s  purify virus ~ s n ~ i n ~ ~ z ~ f l i ~ e u 9 1 ' i ) ~ i i ~ n ~ m ~ f u ~ a ~ ~ a  

fimvXmiq:E derivative 9189 PEG, r~u~a i i I f imnwzneu  $qqzijQmwuu""mi~~maiwfsmd~n 

a~nzaw"i$uunnwznoulA1nii PEG 

IV. n i 9  Inactivation of Foot and Mouth Disease virus 
4 n e n i s d i d e 1 a i a % ~ w i u u d ~ ~ i i ~ m a u u ~ n s z ~ u I ~ 4 i ~ n i u r " n ~ ~ ~ u 6 u ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~  

v w 

' l ~ n l ?  lnactivate virus cuai'q physical trw: chemical rdu maiufYeu, ~bw~ym~ lZa fo~ f i n ,  ?q# x 

~mz?qihn?ufil, low concentration formaldehyde solution, AEI(Acetyleneimine), 

Beta-Propiolactone (BPL) (15) rrd?'n%uTsmdinrrazdia"jeuus;liiCnnmaww~uPa~~afim~8mi 
A q.9 

inactivate 6 9 ~  BE1 (binary-ethy!eneimine) (19) Wnmo BEA salt %U Alkaline Condition (BEA 

salt = 2-brornoethiiarnine hydrobrornide dqwsmi.~amiiaBu C,H,Br,N) 
e $64- 

Kinetic inactivation ma ~ m s i n i ? a ~ a ~ " ~ o ~ ~ a f a m u " ~ ~ a m ~ n ' ~ q i n n i ?  inactivate 6au 

inactivant i 1 9  7 ~ ~ u ~ ~ u r a a i d ~ ~ u n i s  inactivate (15) Ldudua~ud su%q aiazmsla: (2533) 

wuiin1s'l.a" BE1 solution dmm~uu~u'l~fi'l.a"i'u %'l% Inactivate ~a~~f~mdinb~a:rw"i~d~fl~m" 

nlu'luaaal 12 $aTu.~ (8) h i w d  23 sijunlsrrwnsn?id"Um kinetic inactivation Za?aTsmdin 

ar~za%idou .ileaii~nrmmfufa~~afim.di8ni~q Inactivate 26'C rBuraai 18 $ 9 ~ ~ 9  
w d v. n l 9 b ~ ~ b b ~ ~ d ~ b 9 ~ ~ 9 ~ d l ~ 1 b b ~ ~ b ~ l b d ' i l ~ ~ ~ d ~ ~ ~ l s l 0 b 9 ~ b ~ ~ ~  

laTwv6qnis inactivated rr&a$4de\Pl$qzpn~un4i "brouPmrqu3' K~l6niiauiar&a41 
d Za~a~smPlinranzrw"i~eudw3n~wuiiCnrmw~u~a~%a~sla.j;8~i auadiu"Uuaunis clarify, 

concentration, purification ~rnz inactivate r~6aqzrBulaTar4u"UYU 275 r m i  q:~nrrisld%uman 

waiaEn"Uuin I "ns ussyawaz 800 ml a&~aRul3u!ufnsrqu~vna r$osenis formulate LBU 

Tm%udeZPl 
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(Vaccine formu 
I. Adjuvants 

afluwisaw~i~fluniswaua'm!uLdarilu~a<uLLau~bqu rr&adau 1 ddsu (slowly 
" 

released) ~ ~ ~ ~ ~ L ~ ~ . i l ~ n ~ i n ~ : ~ ~ ~ i ~ n i u % w " ~ f i ~ ~ ~ ~ ~ n ' ~ d ~ ~ ~ ~ ~ ~ ~  1 du Bomford., R. (1985) 

!6ndia!%i Glenny and Co workers !n"fiuwu<i niserau diptheric toxoid n'u precipitate aB;I 

Alum qzVh%w" toxoid Tw"~imaiu~u~.ilPsw diphtheria !6uiuniinis%"dYoxoid r$uaaeiiaraua (9) 
d d 

Adjuvant i% f l un l~u~w~w"du8~14n iu~a  aiu Aluminium hydroxide gel (AI(OH),) 4 4  

T f l uau iwwa iudu4u i i 4  q n'uld, oil emulsion, saponin Y ~4qd6nd7a$ai.il!d 

Mechanism of action " U 4  adjuvant ~ : ~ ~ n ~ m ~ 6 1 m n ' u  ~ ~ ~ ~ u ~ " u ~ L L B u ~ L ~ u  
d hu ion interaction ruagnZmrh~ii~niuiiq:gn6un"au macrophages r r 6 a d d ~ ~ q m ! d i k  

d a d 4  u a u  d 
lymphocytes (helper-T-Cells) ~wnwq?n thymus vi*Sar.nnamunnwmzw6iuwnanu 94 

T-lymphocytes i q : i i 4 i u i a u h  lymphocytes &zWqin bone marrow Ilk4 antibody !!u 7 q l  

% $ i i a n i u r i i n ~ f i ~ u n ' u d a  rrauirqu ~ a ~ ~ w b % i ~ d ? f u  %u$ma~ua6u6q:r'iwni? accumulated 
dd d 

aa4 lymphocytes i lymph node In6 q EPsramwarn ~~q:r i luernni~~~u~unisi~mfiuuw~du 
d 

adjuvant macrophages nqddns:4u T-lymphocyte LLW: lymphocyte %u lymph node 
2 

hu%f i f l 4  antibody !6uiau?um (9) 

rr iadi4lsi i# Robert Edelman, (1980) b5ndiaii nisi141uue.~ adjuvant rainzgaqz 

duiurrwni i .~Kuaan!d r~a:uindanis.il"su?u Fwur rau i rnuq : r :  adjuvant ar6aldi.ilrdau 

hr.an6~ia%cr"r"nwB~~uFsw~ membrane rri~iaa~nrr~uirqu6u adjuvant qzarmsndqWa~ 

n1u%ur~n6r~~Idwau~un~sfifi~~~(u6u~swu~~a~on6~ria~w"a~w@(u~w (16) 

Aluminium hydroxide gel {AI(OH),} ~3ufi?tKa~aw<4~%%un7swfiua'n4uFwu~a~ 

f i iu1snw7w!n"~innis~id~~u1aa~aisn~niu alum n'El NaOH iiq:l6 AI(OH), wiuaunis (9) 

2KAI (SO,),+GNaOH -+ 2AI (OH),+3Na,S04+ &SO, 
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Oil Emulsion n l s i i s i u r o s  oil adjuvant q&nwm~n&$ern$sn'EI AI(OH), ~ m u n i s  
Y W  1 ddeurreu3aquldnsrriju immune system uasnuu~s5m?mbsunis~1~a'nlu Oil emulsion 

rcrisllrflu 3 .n%nIwd 7 Ze 

1. oil in water ( O N )  &LLWU~%~U~LB$U aqueous phase LLIY oil B~?I'~~u$u 

aqueous phase (n iwd  24 A) 

2. water in oil (WIO) isabeld~rsuunwater droplets q ~ e $ u  oil p h a s e i . n i ~ i  24 B) 

3. water in oil in water (WION) dSib'ilu3LquLbA"ater droplet qxed\a oil droplet 
* 4 d 

rra-sgau aqueous phase ~ n % u v w ( n i n ~  24 C) 
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R. Bomford (1985) %ndi?61 WIO emulsion .nsrreuAnuey%u oil phase q r l dunzhe  

n i s % s i u ~ i n n i i  O N  emulsion 4s antigen ei%la aqueous phase uen oil phase (9) n ' ? ~  

Robert Elderman, 1980, !6flii?2?61 WIO emulsion qz%.a"ran?~unis release LI'~)~?L~u~~I?uI!.~ 

n61 aluminium gel (28) 

Saponin rqu glycoside ~ ~ m a d q  w u % u ~ i l ~ e n s e q i u  Quillaia Saponaria w ~ l u l n % u  
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~ ~ P l ~ ~ ~ l ~ n i ~ w ~ f l . 1 ' n ~ ~ ~ 9 ~ ~ i n ~ ~ ~ : L n " i d ~ P l  m"es%~n?uFjn'Y Aluminium hydroxide 5i' adsorb 

rrou3nu~a&? qzl.aduazdan?i~[uTsn (9) 
d 

nlwn 24 A. water in oil emulsion 6. oil in water emulsion C. water in oil in water emulsion 

antigen 

1 / 
Contineous oil phase 

Contineous aqueous phase 
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d n i w w  26 ~ u m e u n i s w ~ ~ ~ n ~ u ~ s n r l ~ n a ~ w ~ r ~ " ~ ~ d " j e u ~ ~ w ? u ~ n s  

L!quid phase Oily phase 

Antigen from LN, I 
- Type 0 z X pgldose 

- Type A Y !.Lg/dose t- 
- Type As1 I Z pgldose I 

Sterile oily - Filtrated Van Bekkum 
phase '* medium 

Total 275 L 
Total 275 L 

Mixing 2 minutes at 25'6 

&wauin%u 2,000 L 

Total vaccine 1.650 L 

Slow agitation at 4% 

Before bottling 1 

Distribution 

Result -. 
Quality control 
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Mixed 4'C 

Antigen from LN, 

-Type 0 I X Jlgldose 

- Type A z Y Jlgldose 

- Type As1 I Z pgldose 

L Resdts 1-1 Quality control 

+ 

C 

- Filtrated Van Bekkum 
Sterile 

medium 
Al-gel 

- saponin (10%) 
- 430 L 

-Another ingredient 

Total vaccine 2.000 L 

Distribution Storage in 4°C t-- Bottling 
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