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bd%J'Ub~a¶Jn iT~~  sucrose density gradient 5.30% bb% 15.45% 

%uni~~mamer~id~b~imm~niE- l  146s "~m~!a~a~~~- ld inbbazb~ id@a 

~ & ' ~ U a $ ~ ~ i f l l 7 % $  sucrose density gradient 5.30% Law: 15.45% %u~~IP~V!W?IUMI 

~ ~ u i m s y n i ~  146s m q I a ~ ~ ~ ~ m d i n a a a a ~ i L d B u  {luau 30 W U ~ I  n i s E  sucrose 

density gradient 5.30% Iwu%d6as~~?sfiuims 0.5 ml iufiauan$ss ultracentrifuge dmalub? 

SBEI 36,000 rpm iawi%unl'6iu 90 u l $  Tm 146s peak 6auLmjns UV-monitor Fwu%$ sensitivty 

0.05 'q:%I?k?fl~m384 1465 peak Lv~aurhni?%$ sucrose density gradient 15.45% LLBE?; 

ni~wwa~u$maiu~duamsq~q ds~s$ i I8 i~maiurawni~qn"une i iq iCud i6~wiqa~~~aq~q 2 T6 

(P>0.05) 
x. 

~4CU618.11'661%~ sucrose density gradient 5.30% /6aawuill'b%"oYuucrose density gradent 

15.45% %ufliswmanuvifiuimn~nim 146s voq1a~$~?mdinLL~;~~idsu16 vh%I?dauwms:u- 

aawi~%.a"luniPh awnis8nvsaan4~m$aq~a fiwni~%.a"sis~ni nwnis%$w6'qrnu aaw:r~umaiu 

~iuisn%unisw m ~ a ~ i a a d i 4 I i s a  w a'?aaaao:uin;u 

i%dl%~J : sucrose density gradient nynlm 1465 ~ a ~ a ~ s m d l n L L n ~ w " i ~ s u  



e m d  bIEJnl?~.a"bVImuwas sucrose density gradient ultracentr~fugation technique (Bartelling and 

Neloen, 1974; Doel et a!.,1982; Doel and Nowat, 1985; Shirai et al., 1990; G ~ G U  LLLAZmmL-; 

2535; uuG taazaaiaslw2~, 2535 ) 
nd 2' 

d~unmaau~mniwTw%u~swEiinram:rw"i\dmu EIiCnrwmFuPmi$afim.M"8wa" %.n"rwwQwasu 

~uniswnaauPsi f iu i rwm~n~m 1465 aaa~a~a~smdini iazrciadau (l.aui ranzuwws, 2543) 1ne1 

fllsl* sucrose density gradient 15.45% iu~auaw$as ultiacentrifuge i m a i u ~ a s m u  36,000 

rpm ' t $~aa i%un is~ua f l uLa~ i  210 ui; %%"draamiuiu P;ii%ps"~s?u~anismsaqaau.a"i n imsaq 

aau6am~hsimTui i1Adau %$fiwim sucrose u i n  adas  ultracentrifuge riiwnislnwsqsaaaz 

rEiSaswGssiu'ld41 
w ! .  * 

~adszasm?uniswwaas~~k% a ~ a a ~ u u ~ ~ u u e l m n ~ s w w a a u ~ ~ ~ u i ~ u m ~ n i m  146s m.1 

~a~aFswd?ntra.zrw"idau ?zts~i4flis%.d" gradient 5.30% aaa"5-45% ~s~zdauams:uZtawi%u 

n i s~u6aae i i s  (centrifugal time) snmaiu~nPssa~asaw$nsia tdu rdms ultracentr~fuge am& 

UV-monitor L L A ~  peristaltic pump rflugu awfi.uimnis%.h;a~srmBj mwnis%.n"wGsmuI-d41 ria- 
w ,, z aGumaiuaiuisnlunis~~a~amuKamdisc.imTu!~uin~u ~s iue lan ismsaq@m~l l~asaau aiu 

~ m s n i s w s i ~ l ~ u i m a a a u ~ t q u ~ m s ~ m ~ u ~ u ~ s u a u i m u d i i n i s u s s , ~ a a w a r a z ~ m e a i n  Ps7mnis 

wwaaua~as6u%~dns~@s~u< i r~1d~w~udamu ( I m i  armzuwws, 2543) ~ s ~ z ~ ~ u d ~ z T u . a u i u n i ~  

Sild%.n"dF$%dald 

T d n ~ d ~ ~ a z 2 f $ n ~ ~  

nl0bvI?fl%I Sucrose density gradient 

1. gradient 15-45% ~@l?~LJfVIflI.n"@i?~:~lfl sucrose' 15% aanz 45% (adisn: 32 ml) 
3 A d  

am?u.u~munis%.d"rw$as continlious gradient forme? %A gradient luPsaam centrif~~ge ~ u s u i m  

14 x 89 8181. (n519~$9) ~ s n i s ~ m ? u u ~ m f l f . z  gradient 6 ~sasw ~'?u;~mtq~$ 4' C $ 1 ~  

;u~%u%.a" L&I%G gradient ~ n ' l s ~ m ~ u s ~ d ~ ~  

' Merck, Germany 

>HBI, Sweden 

3 
Ultraclear"", Beckman, USA 
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2. gradient 5.30% L~~~UPW~~%$WIT~"~IU sucrose 5% LLR"O% &RS&B.~'~I 

gradient adua~uaflI gradient 15-45% af?lId$mwQ~ 4' C aiuazuat%I$a 1 

Gaaeii~la?~l-dnn17naaasaw".i~~ea 

- l a ~ f i ~ ~ q ~ g ( p u r f i e d  virusj 2rn 46404 ~ 1 M f u M m f i a u ~ 1 ~ 8 u n a ' ? d ~ 1 ~ ~ ~ 1 ~  

-Zarfi~Guiuym AF 471036 i ~ ~ ~ u : ~ r ~ m a m u m a i u ~ w " u s ~ ~ s " ~ a s ~ " ~ n i ~ m m f i a u  

-'ba'?fiL$u<liw" inact~vated LL& <luau 30 &a415 61M~u:Elnmfi~EI1&1~1Lw"uu 146s 

nisam~aa!a~Su?~~d(~ur i f ied virus) 

G ~ ~ ~ ~ ~ T " ~ ~ ~ ~ W T ~ A ~ ~ ~ ~ L L ~ ~ L W " I L ~ ~ ~ L W ~ : ~ ~ % U L % ~ ~ "  (prirnav iamb kidney cells) LflUt9al 

18-24 "d. LdaL% CPE s:wiis 90-700% br?uYaa?fitd centrifuge ?imaiub~aSau 2,500 r p n ~  L ~ U  

L a m  20 r ~ i G  G iduu I~  (supernatant) ~imnmmau'LaYfiKw PEG 6000 GUIN 7.5% WIV LL& 

~71d iU (agitate) dqlldWQ5 4 ' ~  ~34Jbaal 2 "il. bf&Rfulaaliltd centrifuge imalxJl?afau 

2,500 rpm afluaaai 90 ul; ra&rddau&l&s Lhm:naui~h?dazaieJ6au Tris buffer fiuim7 

I:IOG dau.iims~uims'baY~du6u ~ i l d i u $ ~ m ~ ~ ~  4 ' ~  L ~ ~ U L ~ R I  I ~ u .  LL~~GIUI treat ~ U W ~ S  

fluorocarbon 6mndau 1.2 GIW centrfuge imaiu~?aa'au 2,500 rpm aflua?al 20 u:? ~ I ~ ~ J U  

~ W U I ~ ~ U U  gradient 15.45% qbu~amm centrifuge T U I ~  SW28 w~sm~:  8.5 m ii'beliu6,1u 

L R & ~  ultraceritrifuge WaunaiuBasau 22,000 rpm d u a a m i  9 "nu, ra8a1iiui~m 146s peak 6au 

LPl&9 UV spectrometer L ~ u ' b a f f i ~ ~ ~ " a ~ m f l a u w a i u ~ ? ~ w ~ & a u L w ~ m s  spectrophotornete? w" 
ih'ave lenght 239,259 b~a: 280 nm bl6uiiuamfiuibuw~~iw 146s Fk~k! 

~ l ? W ~ S a ~ ~ i ~ ~ i 6 1 6 ~ ~ b l i ~  146s ~mflni-d%$ gradient 15-45% 

~wun?si i~amdis$~msnisnrnf lau 2.0 ml %duu gradient 15-45% dbm?uu~? aa&adi"id 

~u&aUiw$F14 ultracentrifuges $wa?ur?asmu 36,000 rpm r~ulafli 210 ul; M'iiq397npk"U~i1d~fl 

1465 peak TBsa4)nlw 1465 fmu%$ peristaltic $m6ameii9qinn"uMa~m &au~m~in l?~vR 

T 8 9 f u m i 1 9  50 mllhr ~ I U  flow ceil d~ path lenght 3 mm Tasam$as UV monitor' kd$ wave 

lenght 254 nm, paper speed 0.2 mmlsec, UV spectrometer sensitiv~ty 0.1 (ABS range) am: 

recording amplification I00  mV a ~ ~ a i i u a m w i G u i m u ~ n i ~  746s rw"uur7u~dunnsnla~im~~iu 

qin'ba~au?~wd(uun7 L L ~ Z  s-diaqw$, 2535; 'b-dui ria-uww7, 2543) 

'BiotekO, i tay 

5 
Beckman LB-60M ultracentrifugator, Beckman, USA 

6 ~ ~ ~ - ~ a d 0 ,  USA 

' ~ ~ ~ - ~ r o m m a @ ,  Sweden 
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n1s~9 iw iz i~a~m~~a~9~ iz f i~d i~9~ '~1~9 id~~11mm;d \1n  146s ~ o u n i z 7 $  gradient 5-30% 

1. baai%unizf iu  ((ultracentrifugation time) aaazfi~it.lst%amiid (sample load volume) 

~mfl%dla~@u~qw~fib]lms 0.5, 1.0 L L ~ Y  2.0 ml uu gradient 5.30% i L r n ? f l ~ ! a "  

6?1diu~aflam+89 ultracentrifuge iwaluL?asou 36,000 rprn rfluaani GO. 80, 100 LLnz 120 

ulw" v&99lntuii!d~m 146s peak ~mfl%"6Yls1~amm~~~u~~~a~unlswmfimuvlf i%]1mm~fl1m 

146s wd~hradlent 15.45% Ikhtdn 

2. na ia la~ma~$mda"w (spectrometer sensitivity, ABS range) Tmflnis%flaT@u?qw+ 

$lnlswm@8uIiua~uan"El$% 1 L L & %  146s peak hu%$ sensitivity llmsLn&9 UV monitor aw'l{EI 

0.05 

~mL$mnw?si~Lrn8?iawui"u ~%~~nwmxLn$iLLwdsaas 14GS peak w61flw&{~nls 

%$ gradient 1545% ulnwdqm L&I%fl~fIl~w~@81~bi~!d 

nlsId~~~lIw"u~r~aniz~9id?Nimm;d\in 146s qinn1?7$~radient 530% aaaz 15.45% 

- nlsbt. l~~aa~unzld8.1lwz~lu 
y e  4- - I.a"ba~fiu?~w$;m 44604 iarn;uu~m &ummsidauwaiau?qw$ OD~~~,,,~IOD,,,,,,,-- 

1.64 bL8Z OD 2s,, /OD ,,,,, = 1.38 ( 1 d 1 1  1.6-1.8 am: 1.4 rnlu61$u) aaa- 

~iuamfiuirnm~slim 146s ? i n  E'" ,cm = 76 (uurn? aan~~ias1w~,  2535) Sfiuiwaynim 

146s d'i'ZBllbld 320 pglml ~lulL~a?is$aiau Van Bekkum medium % l % f i u l w a ~ f l ~  1465 ~~1 

-5 

{El I ,  2, 4, 6, 8 rmz 10 pglml ~i laT~u3~wsw~~m~i~~~&a!dwmfia~lv imaiu$aiw'us"szv~i~ 
A -  3 

f i B l l C U % ~ J l l P '  146s ik peak area wLflm7u Pmunis%$ gradient 5-30% rni~lwisincjbmm~iav811" 

fiu am- gradient 1 ~ 5 %  aaaYafi~isnsidu1ms~iumai~~8u~us"szvd1sfi81i~m~~in 146s rYu 

peak area ILmzi?~uds:~w~ma?b]~8]~us"  i in ear regression, r) 1&u~lbw"?mum$!6 

- n i s w w ~ m p r n a i ~ ~ ~ ~ ~ m s ~ v m ~ ~ f $ n i z w ~ f i m ~ ~  

GifaaiiqIa?fi~CuCu~m AF 471036 Giniswmmau~ifiuimm~slim 146s Tmu 

gradent 5.30% m181wiri~arn8?wdbwdvui~fiud&mL~8n!a~ aaazFmuni~%a" gradlent 15.45% 

~inlswmmou~i 20 m i 4  ~ & f l u ~ i f l u d i ~ ~ &  (Mean) ~ '11~~191~luuimsiu (Standard deviation, 
c 

SD) I I ~ ~ ~ U ~ S Z ~ ~ ~ L L ~ ~ ~ ? T ~ ~ Z ? I E ~  (%Coefficient of Variations, %CVs) 

- ~ ~ ~ ' ~ ~ ~ ~ u n r f i a i m ~ ; ~ ~ ~  146s ~m.ala?fi~4'a4'u 

G ~ n i s w m f i m u ~ i f i ~ . l i n ~ m ~ ~ s l i ~  146s ? ~ o s I a ~ f i ~ ~ s n ~ j i n ~ ~ m z ~ f i i ~ d m u ~ ~ u ~ u  

wd inactivated ' h x 2 ~  30 & 2 8 i i 9  i1r~lswwfi8u~aa~l9I~uu duplicate aa6avliiI%iu Lao: 

a & ~ ~ ~ W " ~ ~ ~ d m Q a ~ u ~ w a i u ~ ~ w n ~ i ~ ~ ~ n n i s ~ . n "  gradient 5.30% ILRZ 15.45% 
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~ l ~ ~ ~ a 5 I Y ~ i d ~ ~ 1 ~ 5 I ~ 6 1 7 f l  1465 qinni???? gradient 5.30% bbwz 15.45% 

- aGsuaZa.ilb$un~)914~1~~~1u 

a~ad f iu i suayn im 1465 ms"La?a~l?qw$avii~u w u ~ i n i s % d ~ ~ ~ d i s f i u i w ~  

0.5 m Elu gradient 5.30% qz%G peak area fiaui$m n i ~ % d 6 9 a ~ i s f i u i m s  1.0 rnl qZulniqm 

lIm:inls~.a" gradent 15.45% ? :~ inn< i  0.5 ml r a i h a n < l  1.0 ml 

waiu8ua~us"~%s~&uwfs (Linear regression, r) q?nn?sl$ gradient 5-30%-0.5 

ml, 5-30%-1.0 ml LL8A5-45% 1 ~ 1 ~ ~  0.9989, 0.9930 118'. 0.9976 WIU~I~U ((~1919! 2 LLRZ 

$4 5) 

- a ~ s . i l b ~ s ~ f l a 7 8 l b d s 9 ~ ? 9 8 5 1 9 ~ ~ n ? ' d ~ ~ ~ ~ a ~  

w e r < i n i s w m ~ a ~ ~ ~ i f i u i b l d a ~ n i m  1465 q inn is%$ gradient 5-30%-0.5 m ,  

5-30%-1.0 ml bbn: 15.45% ~ w a i u ~ ~ u s m ~ ~  l ~ u ~ d i ~ u d ~ ~ ~ ~ ~ ~ 9 4 s n i ~ n ~ ~ ~ i u  

(%Coefficient of Variations, %CVs) k v i l f k  2.70, 3.50 ir8'. 3.0 P l l ~ i l 6 ~  ( ~ l T l 4 i  3) 1183: 

rdu$idni~nszsiuad%u.das X ? ~ S D  ~asniswm88ur~m'w'.?ds aai~daa&uer~~u~;s:uais?~sn(v 
- 

a i u i s d i ~ a s  5-30%-1.Q m f l f z s i u i b ~ u a n . d a s  X ~ ~ S D  ?as 15.45% (61.6-69.6 pglml) 

~ s u z d ~ n d i ~ a s  5-30%-0.5 "11 fls'.qiuK~ad%u.das X ? ~ S D  15-450h ($dd 6) 

- b&wub~wud?sr?w~yn?~ 146s %89~a~a$~fldinbba~bw"ib~~sb~sriu 

~ d u ~ ~ ~ u ~ l f i u i m ~ ~ ~ n i ~  1465 ms"La?aTfmdinraaza~idae;~~u~u4iuau 30 

b%'aaejls s innis%$ gradient 5-30% Twu%dhEi is f iu im? 1.0 LLnz 0.5 m 9~114i$ada5a!u6 

a9luL~blnm'i4~lnnl~%.n" gradient 15.45% ( ~ e a n f ~ ~ )  a v i i r k  12.9+5.1% ( i l q w  1.9%. q s q w  

27.3%) LLwz 0.4*3.8% ( i i q w  0.2%, q s q w  6.8%) miu i i tk  i ~ l m z $ . a ~ a ~ d e ~ ~ l i ~ u u s z ~ ~ i s n i s % d  

K ~ a e j i s f i u i m r  1.0 ara- 0.5 ml w~ l< i n i~%d~~ iae~ i sU?u ims  1.0 ml f i u i m a y n i w  1465 $I&: 

daun4iniddGuiwsKaaEiis 0.5 mi d ik  14.7*6.8% ( h i p  0.7%, ;9$m 30.7%) (misisT! 4 ) 
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LGI~~WT~U%$ sucrose density gradient 5.30% baa; 15-45% 

1 Parameters 1 15.45% 1 5.30% 1 

1 5 S a m ~ l e  load volume. ml 1 2 0 1 0 5  o r 1 0  1 

1. Spectrophotometer sensitivity, ABS range 

2. Path length of flow cell, cm 

3. flow rate, mllhr 

1 6. Ultracentrifugation speed, rpm 1 36.000 36.000 1 
1 7. Ultracentrifugation time, min 1 210 

0.1 

0.3 

50 

~inn-t~Aufiqi?oiwuu gradent i ~ u i q n i  80 aw:: loo u i i  ~r.\irril~urul-ua< 1465 peak i1n6i~usnia 

a - 
1s1u9~~rn~~iansru:L'isydiwiuIflunis~rndmu~~dud 90 uiG 

0.05 
- 

0.3 

50 

4. Chart speed, mmlsec I 0.2 

WI~I~W~ 2 L ~ v u ~ ~ v E ~ ~ ~ I ~ ~ ~ . ] W ' I ~ S " ~ : W ~ I S ~ ~ . ] I ~ ~ ~ ~ : I ~  146s 3ms?a%u?iqw%u peak  area 

9 l n f l l ' b ~ T b u ~ i  gradlent 5.30% LLa: 15-45% 

0.2 

f i ~ l ~ u ~ n l m  iud%C?;n (Area, cm2) 
I 

Linear regresslon, r 1 0 9989 1 0.9930 0 . 9 9 7 6  1 
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P e a k  a r e a  

zd; 5 aaam~a8uns1duins~iu"~m~maiu~uw"us"~~~~1~fiu1mm~nim 1465 Gu peak area ?I% 

Sucrose density gradient, 

f i u iwa i?o i i s  

15.45% - 2.0 ml. n=20 

6 aaams~aiuad~~ws~~m~ni~wmamuv~f iu imm~nim 146s ~mq~~mu i~qu laFa2m 
9, 9 - 

AF 471036 ~ l n n l T w m a ~ w ~ i 2 0  6 4  (X k 2SD) l!?fl%% gradient 5.30% LLoz 15.45% 

f i ~ 1 1 ~ ~ 8 ~ h l l ~  1465 (pglml) 

5.30% - 1.0 ml, n=20 

5 3 0 %  - 0.5 ml, n=20 

Mean k SD 

65.6 2 52 
67.4 1 2  3 

6 6 3 k  2.7 

%CVs 

3.0 
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Sample 

(Batcti no.) 

1. A1472002 

/ 2 A 472004 

3. Al 472005 

4 .  A 472006 

5. A1 472007 

6. A 471008 

7. A', 471009 

a. AI 471oia 

9A1471011 

10 A 471012 

A = 15-45%, B = 5-30%-I .0 ml, C = 5-30%-0.5 ml 

Mean ( 196.1 1 171 2 

fiuin~9lgn1n 146s ($gIr,i) 

192 2 1 12.9 

id.ilr"i$uima,~ui~rnri~i~s 

A-8 

17.2 

20.6 

10.9 

11.3 

10.9 1 
1.9 

8.9 

11.4 

1 0 7  

27.3 

8.2 

5.30% - 0.5 ml 
- 

205.8 

222.2 

254.0 

180.7 

149.9 

236.3 

172 0 

160.7 

265.4 

177.8 

2920 

15.45% 

192.6 
- 

223.9 

289.8 

180.5 

153.2 

239.2 

168.9 

160.5 

290.3 

186.9 

l l A 1 4 7 1 0 1 3  1 292.6 

0.4 

5.30% - 1.0 inl 

159.5 

177.6 

258.1 

160.0 

136.5 

234.7 

153.9 

142.2 

259.3 

138.0 

268.5 

-147 

A-C 
- 

-6.8 

0.7 

2.0 

-2.3 

2.1 -- 
1.2 -- 

-1.8 

-0 2 

1.4 

4.9 

0.2 

' 6-C 

-29.0 

3 
-10.0 
- 

-15.4 

-9.8 

-0.7 

-11.8 
- 

-13.0 

-10.4 

-30 7 

1 
I -8.7 I 



i, Vet. Biol V d  15 No. I 

~inn iswm~mswu$in isWKaaej~ i~Guims 0.5 mi uu sucrose derisity gradient 5.30% 
d 

du6aiaurmsas ultracentrifuge dmaiu-la~m~u 36,000 rpm a3uaaai 90 uiz  i n 6 a u  sens~t~vlty 

0.05 q~ld6'n"nam:~as 1465 peak ~!maiuaau8uaa8z2iulnq 1465 peak i n ~ i u n i s i i ~ l n i s ' b ~  

gradient 15.45% (;dd 41 iriqzivuiwrbnnii .ilru:$nis%d~aa~ii~fiuim4' 1.0 m ~"%flwmz 

9la4 1465 peak ~ ~ ~ ~ i ~ % M ~ ~ L ~ : 3 i ~ f l ~ i ~ f l ~ d i ~ ~ l ~ ~  gradient 5-30%-0.5 m 11835-45% 4 4  
w ,  

nisd3iuvmq peak n $ i d u i n  P ; i i % ~ ~ 8 i a ~ w a n % ~ d n i s w i ~ u ~ ~ a ~  1465 peak aa8:ad~flsns-wiai 
w < 

%%unisiiuamwiGuG 

fll?%% gradient 530% ~ u n i m a ~ m u u i ~ u i m ~ y n i m  1465 ?aqta?a~snd~nra8:~w"i~90 

wu4iniswmwmuimaiuiw"u~w~~vns?"siswwfiau~ ~wuGii8uds:~w$rrd~nisns:~iu 

(%Coefficient of Variations,%CVs) ~lnfl17l-i' gradient 15-45%, 5 - 3 ~  Po/ . a -  1.0 ml ~ ~ 8 3 - 3 0 % - 0 . 5  rrl i  

rvii<u 3.0, 3.5 am: 2.7 % isliui:~u PIqL~uiidamu~uI~~ufia~pifiu~nisWkatpi IO/,CVS i 16) 

J, 2542) aan:fiuimmynim 1465 1uniswwsmup,aiuLiuqwsq"uaqnis14 gradlent  

5-30%-0.5 mI q n d i B n i s n s ~ i ~ 6 a m ~ l u ~ n r u 4  X ~ ~ S D  l a d  15-45% (61.6 - 69.6 pglrnl) %9 

n9d rniuwGnanma41 95% vmsdidwsaqwu$uad%ubnm4 $i~inaiuaawniisKu~~a:Lflw~uou?u 

&~~l(ffl& LL~:L&M;, 2542) YEu:$fll?~.o" gradient 5-30%-1.0 "11 ~E119i ' l~!f l13n~~qlu~a 

aduenanmbg X+ZSD ms 15.45% 6) 

q innis iqwj  4 W U ~ I ~ I ~ I ~  gradient 5-3096-0.5 mi %9I~8niswaaauwifiu~auayn*,w 

1465 w$~n$riua~unis%$ gradient 15.45% ~wuiLdn~L~u6maluLLwnil~~uaQ~e. 0.4*3.8% $9 

4 

s 7 a ~ i k ~ m ~ i ~ ~ ~ ~ w n ~ i ~ ~ u ~ d i ~ ~ d u i i ~ ~ w i ~ 0 ~ ~  (P> 0.05) ~~au:$nis%? gradient 5-30%-1.0 mi 

q:~adafa~u6maiuaamnii.!n'uLQiu 12.9k5.1% ~ ~ ~ m 4 i ! n a i ~ ~ a n n d i ~ n " u a d i ~ ~ d u i i ~ ~ w i ~  

(P< 0.05) ~ i n a ~ u u a ~ u u n ' u n i s % $  gradient 15.45% ar8zrini~~$uul~uuadn~~~u6malu 

l l ~ f 1 d l 4 ~ l f l f l l ~ % ~  gradient 5-30%-0.5 rnl 5-30%-1.0 ml qzian~e~l6n"u6naiu~amnii4~u 

aaGu 14.7+6.8% a a ~ z ~ m a i ~ a a m n d i ~ G u ~ d i ~ ~ C ~ ~ d i ~ ~ w i ~ a ~ ~  (P< 0.05) 

n i s w n a a u ~ i f i u i m a y n i ~  1465 a8q\a?s~swdinraozaw"idaa Fwonis1.a" gi-adient 

5-30%-1.0 m ~u~wnniswm~mudaawn~?~qinnis~% gradient 530%-0.5 m aanz 15.45% o i q a ~ u  

~ 8 ~ l q l f l f l l ~ d  1465 peak !auim%wqj 3iun5is P;ii%~~au~wana~~z~iiwmaium81w~~~au%unis 
d r 94 

iluasuwl peak area L a 8 z ~ l n n 1 3 ~ n w l l a 4  Doel et  al. (1982) ~ 1 d ~ ~ B ~ i i s l ~ ~ i U d  OfE ?usma 

(OIE, 2000) wu4iniswwaa~iwiGuimaynin 1465 ?mq~a?aTsmdinaan:aw"idau Fmunis%d.; 
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gradient 5-30?&, 5.40%. 10-40% bba: 15.45% qz%~uaniswmaimplw"Lwiwu~~d a im%.a"wi r i~ammr 
* w - 4 -  

iauuT"u L L ~ n i ~ ~ n W i % ~ f l ~ 9 ~ U 9 ~ ~ 8 8 - ] U ~ ~ b ~ ~ i ~ ~ 9 Y i ~ ~ i ~ ~ ~ a i ~ ~ ~ ~ d ~ 4 6 i l ~ 4  Limit of 

Detection (LOD) Lba: Limit of Quatation (LOQ) &q~6fiiniswma'ilsior~d 

nir%.a" sucrose density gradient 5.30% %dKh1d19Guimr 0.5 mi d~d69~bf l%14 

uitracentrifuge dflalub~a?mU 36,000 rpm duraai 90 ul; TmTmfl%.a" sensitivity 0.05 % G w ~ % u  

niswc.lwa~le41fiuimoyslifl 146s aws~a~ai~sfldinLLazLw"idofl fiwu!~iflaiu~bmndi9iTuoeji9~ 
a sd - 

< u i l 6 ~ w l ~ W ~ i  (P> 0.05) bd~b&~Elb$flEln"Elni?%~n" gradient 15.45% ~ s a i i u l s f l u l a s ~ 9 n ~ l ~  
d ~i%.a"aawu!6 Liwiauams:u:Laaiw%.a"%uniriu amnir4nusnYosr&min amnis%.a"aiirrfli 

awnir%.a"wKs9iu ~ ~ a ~ ~ u m a ~ u ~ i u i s ~ % ~ ~ n i r m r a ~ a o ~ l K a ~ d i ; r I ~ r a  w r5aaaa:u~niu 

1.au-i ~4idr:Tmu ~~fizuwwr %wudrz?4w$ 2543 n i s ~ ~ w f i m ~ l w i f i u i m ~ ~ n i f l  146s 

% u a " ~ ~ u T s ~ d i n a a a z a w " i ~ d o ~ i i i u ~ ~ l ~ n r  .aIiwWia7'u a ~ ~ l ~ l s a u  3 I w ~  T w u ? ~  

Sucrose Density Gradient Ultracentrifugation aiswirjaugm6m.;1" 10 (1-2) : 61-71 

fiaiaiil ~ " d r 2 r  s~a:aGuw? ~ i I i q i s 7 i q  2541 ~~inis?<uwisnir~~wwGiifinGu~~9"~ia~nrd 
w ,  

81~1?~1fll& fi81GflT4; 2 $761 258-293. 

w"w"warw" 6'nwSq%~a 2542 n ~ z ~ a u n i r ? ~ u n i s ~ ~ 1 ~ 1 ~ 1 ~ m s " ~ 1 1 s l i w  f lmz~i~ i rm!"~ ia imr"  

ue4i~wuiKuuGma nqsrwwr vCi 83. 

GaiCfl b$~1~1q?f i~f l  L%VIV '?uw%$ L L ~ ~ Q Z B ~ K ~ ~  Gfi'%arw"2535 ~ l ~ d ? ~ d ~ ~ ? ~ ~ l ~ e 4 1  

f i u i m  146s  w i 5 % ~ ~ a m s q b ~ ? 8 l s ~ d i n a i n i . ~ ~ i ~ d o u T m u ? ~ q T ~ r f i ~ w u % ~ ~ n r ~ ~ u u  

aia .a is iaw~~iKm~i  3(1) : 42-52. 

UU@I? LI~6;7~'36 Lbalb~79~91$ y Q j ~ l ? ~  2535 f l 1 ~ ~ 1 1 1 4 6 S  FIysllfl~bl;~67m9 
7 aa~ab'sfldin~afizaWYi~dwu aisaiirjawEm6msi 3(1! . 3141 
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comparison of using 5-30% and 15-45% sucrose density gradients for 

quantification the amount of 146s particles of foot and mouth disease virus 

Chaiya Sangaprakhon' Sahawatchara ungvanijbanl 

Abstract 

The comparison of using 5-30% and 15.45% sucrose density gradtents for the 

quantlflcation of 146s particles of foot and mouth disease virus in 30 samples was done. 

The result showed that the loading of sample (0.5 mi) on 5.30% sucrose density gradient, 

centrifugation at 36,000 rpm for 90 minutes and detection by UV-monitor at the absorbance 

sensitivity of 0.05 gave the same 146s peak, high precis~on and had no significant 

difference (P>0.05) when cornpared with 15.45% sucrose density gradients. 

'Therefore using 5-30%-0.5 ml of sample can be used for the quantfication of 1465 

partcles of foot and mouth disease viruses in place of 15.45% gradient n order to reduce 

consuming cost, time, reagent and energy tor testing. 

Key words: sucrose density gradients: 1465 paiticle, foot and mouth disease viruses 

1 
Foot and Mouth Disease Vaccine Quality Control Section. Bureau of Veterinary Biologics. 

Pakchong, Nakhonratchasirria 30130 
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L ~ U E I L ~ V E ~ ~ ~ ~ I ~ ~ ~ ~ ~ W ~ I G B I I N ~ ~ ~ I W  146s naq2~5fiFsmdini~m:~flida~l iiuau 

30 ha414 fm~l7ds~idifiuimmyni~) 146s q i n n s i ~ u i m s ~ i u ~ a a ~ a ~ ~ w ~ q w d  (pur~ f~ed  v/rus) 

ddiomauquqmniwa'w~u~swd~nrb~~~w"i~~m~~~~dfl~1dt~n"~~"s~i~i~uimaUni~ 1465 f m ~  

n i s a a w u d i w ~ s i E r w a ~ ~ i ~ ~  ns%uqwswiu%.ilm Doel e l  at. (1982) 49a i~u~6 01E (2000) %?84 
4- p.8 

wu414"sis~i i i f i~a1ima~niw 1465 ~ i n ~ ~ ~ ~ ~ u i ~ ~ ~ i u ~ a ~ Z a ~ ~ ~ T q w ~ l ~ ~ i f i u i m n y n i n  

146s $4n4i?%a4 D o e  et al. (1982) ( ~ e a n k ~ ~ )  biln"Y 48.1f0.3% ~bfl~~dfd6dndibde%tL7k 

nlsnsrqiU (Coefficient of Variations) a v i i h  0.5% ~ i ? d f i 8 l l ~ a Y n l m  146s ~ L ~ d i 4 f k 8 1 4  

t f l u u m a % ~ ~ ~ u i q i n ' b ~ F a ~ ~ ~ ~ ~ a m ~ ~ ~ 1 1 ~ i ~ ? q w f q 3 ~  d a y n i w % u d t a L  i i%6di f ix ,?m 1465 

d~&~andiwaiurflta~?~armz/w?mam~~~~a~nlns~d"l..n"disn"u 4i%diwaiul~a~an:waiuraiudiiia 

n"u 6a u 
Y U  Fi A d  

~q$uLim%ebmaw~uwuemnlwW1uu1w27U (OIE) TI~~~~ISL&UUL;UZIG~I~B~~IE 
146s drrduau6u~nsd~u~nisdiq~q (World Reference Laboratory for FMD, Pirbrght Laboratory) 

a a ~ r s a u ~ ~ ~ n ~ i ~ & ~ ~ ~ ~ ~ ~ 1 d s ~ 7 w % i w 1 a ~ a " m $ u ~ i n n i ~ % . . n " i 1 n ~ ~ u i m a ~ n i w  146s 616qir 

$4 2 ̂ a"snId 
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~ u n i s w m a n u w i ~ u i 6 ~ m y n i w  146s r n s ~ a ~ s ~ s n d i n a b a z b ~ i d n u  "aaqumyslimi 

~ l u i s f l n s z ~ u % ~ r ~ m q ~ ~ u ~ u ~ s w % u $ m a " a ~ n : % . a " " ~ u n i s ~ , i ~ ~ m ~ u i m r ~ n w ~ r ~ u ~ ~ a ~ ~ ~ ~ n s ~ ~ ~ u  
a ad 

bWni?%?I~w~umas sucrose density gradient ultracentrifugation technique (Bartell~ng and 

Neloen, 1974; Doel et al., 1982; Doel and Nowat, 1985; Shirai et a l ,  1990; '%<fl bLw:wCG:, 

2535; uum? ranza~ia~w$, 2535; hi aanzuwws, 2543) 

d~uwmanu~mniw~m~~~Fswdinran:aw"i~nu 6iGnrwmFuFni3aslmv75~5 %.a"aww?~m?%u 

n i s w m ~ n u ~ i f i u ~ m ~ u n ~ m  146s 7nsIa~a~smdina~aza~"idtlu ~ m u n i s ~ " d ~ s i ~ u i m s ~ i u m a ~ u  

~ ~ ~ ~ ~ ~ : w ~ l s f i % i l m ' a ~ s l l w  1465 ~%9!a~a~sndinaaa:aw"iadmuu?~w~ (purifed virusj ?k 
d, 4' 

peak area wrnmvw (uw& banz~ala~w<, 2535; 1gui  ~ra:uwws, 2543) b d i  O E  Yusns (OIE, 

* _d 
2000) ~ : ~ T a ~ ~ i ~ ~ ~ ~ ~ ~ U i ~ ~ i ~ ~ ~ ~ i ~  1465 miu?%~isvns Doe1 et al. (1982) 

* * 
W d  4 

qmds:a9m"niswmams%uws<u a n ~ G u ~ 1 r ~ u u f i u i m n y s l i w  146s ~nstaYaTswdinr~fi:; 

d Y ,  ,<, ,-a d -6 

aw"i&u d16~in~"sw~qq~ww%~rwunsidu1ms~iu~m~1aYau'.~w~nuas~ o i ~  Yusns ~snaf i  

nlsY8s Doe et al. (1982) ~ifiui6Umynim 146s unsL~a?ai~~ iamni19n"wU~nt~  

~ ~ n 7 % p r l l d ~ ~ i b l d ~ ~ 6 1 1 ~  146s h a  sucrose density gradient ultracentrifugation technique 

f ~ ? ~ ? m f i i s i ~ ~ < n i s w m $ n ~ l  2.0 ml %duw sucrose density gradient 15.45% L r~ah ld fh  

&%M&?!< ultracentrifuge1 wdmaiur~asflu 36,000 rpm aflu~aa? 3.5 hrs w~sq in$u i I ' ~d?m 146s 

peak Tmu%°6Y peristaltic ~m~a8e i isq inn"u~amm 6au~msinis~wnvm9~amfi19 50 ml!hr 

3 d  b 
i l u  flow cell ii path le~?gth 3 mni ~nsaw&s UV monitor w%g wave length 254 nm, UV 

spectrometer sensitivity 0.1 (ARS range) ~ms in isw~uu8snsmiwns i9"1  (paper speedj aanz 

recording amplification lIB9b&9lhGfl (recorder)' ~w'ln"P1 0.2 mrnlsec Laa"O0 mV mluilL?u 

a ~ & i i u a m w i f i u i m n y n i n  146s Tmu 

"deckman@, rr~odel L8-60M, USA. 

' ~ l o - ~ a d @ ,  niodel EP-1 Econo pump, USA. 

'LKB BrommaB, tmodel 2138-uvicords, Sweden. 

4 
LKB ~ r o m r n a B ,  model 2210 2-channels recorder. Sweden 
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4 
I. n i s i i ~ a a m G ~ i m m y n i w  146s P ~ ~ ~ Z ~ ~ I ~ N I W ~ ~ I U W ~ ~ I ~ ? W Y ~ ~ W B  

d 
nisbm~e~l'ba?Wu?zjp16 (purified virus) bbaznsidNiw~iU (standard curve) 

f m u n i s ~ . a " b a ? @ f s d l n ~ b 8 ~ ~ w " i ~ ~ u ~ w i ~ A ~ 1 ~ d ~ ~ i l W d  (primary lamb k~dney 

cells) bqu~ani 18-24 "d, a&~biim CPE 90-100% ~TiulaFald centrifuge dwalur~asmu 2,500 

rpm a h a a o i  20 ~ a i i  Bidauk4 (supernatant) uiwnwmau!a?@6au PEG 6000 f i ~ 1 N  75% 

wiv rr6aii!diu (ag~tate) $~N~R;Z 4 ' ~  ~Bu ia~ i  2 qu, adamsuaaniG12d centrifuge dnaiur3a 
u 

smu 2,500 rpm iflurami 90 IAI; rr6arwdausii'b@i% L ~ ~ w ~ B u W " ! ~ ~ ~ A Z R I E ~ ~ ~ ~ U  Tris buffer 

(0.05M Tris-HCI, 015M NaCI, pt l  7.6) $ulws 1:100 daU. i l84f i~ lw5' !a?@~~6Id ~11di9dd 

qsuwqc 4 " ~  rQuaa81 1 qu, aabasiia~i treat iau@is fiuorocarbon ~ b l s i d a ~ d  1 :2 Gild centrifuge 

~ 8 9 l ~ i ? a ? m  2,500 rpm ~flu1981 20 u l i  f i i d a ~ % d ~ i % d ~ l ~  sucrose density gradient 1545% 

%UHRBW centrifuge " U l m  SW28 wWamn: 8.5 m ~l'bd~IAkEJl~dB9 ultracentrifuge 

naiua5asmu 22,000 rpm ifluaawi 9 au. rr6aC:ui% 1465 peak f iau~Ga9 uv monitor a4mafiu 

!a'% ra~a~"a%i ldwmarmuwaius~~w~~au~~~a4  spectlophotometerS d wave length 239, 259 ala:: 

280 nm a ~ ~ w i ~ m s i d a u ~ a i u u ? ~ w ~ f w u a ~ u u ~ w " m s d a u ~  OD 2,,Km /OD LLAZ OD269.,m:OD 1V9,,,,, 
d d U  

6698~~~~~lda ld~ l l~ 'b~ iU = I .6-1 .a LLWL 1.4 miuiiKu L L W Z ~ I I J ~ ~ G U I ~ L ~ , ~ ~ ~ ~ ~  1465 q:n 

~ ' % 2 5 9 ~ ~  Icm = 76 ssuiumaiu<iayni~ 1465 s a s t a ? f l ~ s ~ d i n i L n a ~ i L d a n u ~ ~ w $ a ~ u ~ u  100 

pglml q"i1 absorbance (OD) = 0.76 d wave length 259 nm 64~u~uibidmVni8 146s 

(pglmi) = (OD,sg,,xlOO)l 0.76 (uum? bilnca"daqw~] 2535) ~ i ~ a i i ~ a ~ d u ? ~ w $ ~ ~ ~ u i r i a ~ i ~  

%difiuisuayni~ 146s L ~ I ~ U  I, 2 , 4 ,  6, 8 irfi: 10 pg/mi G:!dwm~mzrw~ma~u&a~W'u~~:wi~~ 
, * 
a -  a 

fiuisuayniw 1465 peak area winmu q.!h'@unis~&uwss y = bx + a &IP~?~~$~uIII~ 

~ 1 ~ ~ 6 1 6 ~ 1 ~ ~ 1 ~ B ~ ~ 1 ~  146s &!d 

2. n i s ~ i d ? ~ i m a y n i m  1465 Fme47nisvma Doel et al. (1982) 

~mu~ in is i l uasud i~u-~mnyn im 1465 ~ inn is~awu~iw i ' i i~~w~d~ 
* 

i iqmiuqmK~2 

1465 (vglmi) = FR x PA x FSD x 1000 

5 
~ i o i e k m ,  model Uvlite, Italy, 



d 
aum FR = fms1n1slvnm~Ka8Pj1giiu iiuw cell (m~irniri) 

PA = 1465 peak area (square inch) 

FSD = the full scale absorbance sensiti'ity setting 

S = chart speed (inchlmin) 

PL = path length of flow cell (cm) 
1% 

E = 2 5 1 n m  1 cm 

W = weight or volurne of sample applied to the gradients 

(gm or ~ n l j  

KamiialaFa 

-la%~l~qwg (purified virus) !m 46404 i199?uwmanu99in?ldu7fl?~lu 

-~a;a~TwdinaLfi:L~"i&uLququkuau 30 ~antils i~es~ua~uua;uufi~iimmyn~w 146s 
eq 

asnisb~anr~~snrnis~9iGol iwaynin  146s 

n. n s i d u 1 r n s ~ i u s 1 n l a ? a ' ~ 1 3 ~ ' ~ 1 ~ ~ ~ n ~ ~ ~ ~ ~ a  Doel et al. (1982) 

- nsiduirnsziuqinla?au3~w~ ~wer%%a~ffiu?4w$~m 46404 ;~fl?uu~m~ &G 
~ m ~ ~ a u m a i u u ~ ~ w $  OD ,,,,,, /OD ,,,,, = 1.64 am: OD ,,,,, /OD,, ,,,, = 1.38 aaazi~uamfiu~n~ 

nysl~m 1465 q l n  E'"' ,,,,,, ,Cpi = 76 5 f i u i m ~ ~ n i n  1465 da'zu~m 320 ~ g i m  GIUIL~~I~I~ 

Kau Van Bekkum lned~um %~if iu immyniw 1465 avilFu 1 , 2 , 4 , 6 , 8  LLR- 10 ~ g l m i  ill??@ 
Pbdd 

u?qwsw~qnq~sla&a%dm sucrose density gradient 15.45% mlu?; sucrose density grad~erit 

utracentrlfugation technique a~awman~1vi@unl?~&u~ssaa@w~naiu~ufi~~&~a'~wilsfiulm 
A, z 

nynlw 1465 CU peak area w~nmau a~n%~~un1?iluama'Pwifiu1m8~611~ 1465 in ld  

- ns idu ims~ iu rn io l~~  Doel et al. (1982) ~ w u n i ? a ~ w u ~ l w i ? i ~ ~ f l a ~ ~ 1 9 ~  

iadnua%89 Twu FR = 0.84 mi lm~n (50 mlhr) ,  FSD - 0.1, 5 = 0.43 irichlmn (0.2 mmlsec), 

PL = 0.3 cm (3 mm), E = 74.5 (Doel et al., 1985) am: W = 2.0 ml ~:~6walu$xfiu$?z94i14 

f i~ lmnyn l i?  1465 6u peak area i ~ ~ f l i u w a ~ n i  

a. ns~dolirns~iudl$qinKamiiala~a 

~~?uni r%.a"aa~@~?mdinbaaz~~~dn~b~u~u huau 5 6 v a i ~ 4  ? I ~ @ ~ ~ M I ~ I L Q ~ U  

am9 1465 peak area ~lnnlswmfimu~" 6 n?4ia~an?iis 6ihiaQiuYns peak area V m s a ~ t i  

~ z K a ~ t i ~ ~ ~ d i i u a m a ' ~ w i f i u i m ~ y n i ~  1465 miu?% I ~ a f i "  ~ a & a G i K a m i i ~ l a Y s 9 l ~ ~ a ~ ~ ~ i s 6 a u  

Van Bekkum medium %6ifiuimnynlm I465 aiiCu 1, 2.4, 6 .8  ~bnz 10 ~ g l l n l  611dwm@nu 
2 -  2 

~ 4 1 ~ . l a ? 9 1 ~ ~ ~ ~ ~ s " ? ~ a ' P w ~ 1 9 f i ~ l ~ ~ ~ ~ l ~  1465 6u peak area wanm"lrmlu?$ sucrose derisity 

gradient ultracentrifugation technique L ~ ~ ~ ~ ~ ~ U ~ ~ 1 d ~ l ~ 7 ~ l ~ ~ d l l n n l 7 % ~ ~ ~ ~ ~ i 4 ~ ~ ~ ~ * i ~  
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~79794 I L f i ~ u L t a u ~ ~ $ n ~ r d 1 ~ u n i 4 i T u a m i ~ ~ ~ P i i n ~ m ~ n i m  746s "iiusla%'iswdinraaz 

Ls"i1dW ~ v ? U n i s % ~ f l 7 i d u i ~ 1 7 j i u % a ~ ' b ~ ~ f l ~ l ~ q ~ d b b ~ : ~ " s ~ ' ~ ~ d  Doel et al. (1982) 

$FIT = ~ u n i s ~ K ~ ~ ~ ~ ~ q i n n i ~ a ~ $ ~ l u ~ i u u  

aaiu~%iflu~s:p9aiafi~immyni~ 146s 

~ ~ s ' b a ? f i u ? ~ ~ ~  6 flu " 146s peak area 

146s (pglml) - PA - a 

Purified virus 

b 
A 

Lad8 

PA = Peak area icrn2) 

a = y - intercept = u.0765 

b = slope = 0.8508 

D o e  et al. 7982 
-- 

$FIT 1465 (pglml) = FRXPAXFSDX~OO 

SxPLxExW 

d 
LB18 

FR = Flow rate (mllmin) = 0.84 

PA - Peak area (sq.inchj 

FSD= Full scale sensitivity setting - 0.1 

S Chart speed (inchlmin) = 0 4 8  

PL = Path leng!it of flow cell (crn) = 0.2 

M' = Weight or volume of sample 

applied to tile gradient (m!) = 2.0 

1465 (pglml) = 4.0 x  inch') 
w??l 

ls1191& 2 L L ~ ~ S U ? L I I N B ~ ~ A  146s ~ , ~ a ? a ? a l ~ m d i n ~ a z ~ d ~ e r  6iuau 5 Ka?'aoeiis s i n n i s  
b 9 ,  

iiuam~me~1~insiduim~iu.irmslaku?qw~araz~~.irm~ Doe! et a .  (1982) i iqnsu\q 

7465 (pglrnl) 

Purified virus Doe et a l .  1982 

A1 471025 5.69?0.5658 

Al 471026 8.09 

A! 471027 7.73 

Al 471028 1150 3.77k0.2283 6.06 

1/50 4.96k0.4771 8.42 296.0 154.9 
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m i ~ i d  3 L ~ ~ u L ; ~ u ~ ~ ~ ~ ~ ~ d g ~ s " ~ ~ ~ a ~ 9 f i 8 1 1 b r d m y s 1 1 m  1465 KU peak area 4Iaunis 

"114 Doel et al. (1982) 

146s 

l ~ g l m l )  

1 

2 

' standard = peak area Doel et al. (1982) 

4 

6 

8 

10 

mean 

T P I ~  oA 1 ~ ~ n ~ ~ ~ ~ u i ~ s 1 d u 1 m ~ ~ i u ~ 1 a i u ~ u ~ u s " ~ : ~ ~ i ~ f i 8 1 1 6 ~ m ~ n i m  1465 KU peak area $I$ 

q i n n i s w w ~ m ~ l n ~ u T ~ u I . a " o " a ~ ~ i ~ ' b a ~ ~  ~~u~la~uun"~la8 '1dnsiduins~iu~1.6qin 'ba~~ 

u>~a?~$LLf+:ml~%?89 Doel et al. (1982) 

Area (crn') 

3.33 

5.03 

6.73 

8.43 

Pur~fied virus 

Standard 

0.77 

1.63 

Doel et a .  (1982) 

3.33k0.1920 

~ . @ 7 k 0 . 3 @ 7 6  

6.@??0.4296 

e.57io.547e 

Star~dard 

1.61 

3.22 

MeankSD 

0.70f0.0874 

1.58k0.0997 

5.79 

6.07 

6.26 

6.39 

7.22 

%CVS 

12.49 

6.31 

~ e a n * ~ ~  

1.41f0.0922 

3.05?0.1533 

%CVS 

6.54 

5.03 

6.44 

9.66 

12.88 

16.10 

6.33?0.3282 

9.60?0.5141 

12.88kO.701'2 

16.16k0.8913 

5.18 

5.36 

5.45 

5.52 

551  
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1 (Batch no.) 1 

Mean 189.3 

SD 

98.2 48.1 

7x3 47.1 0.3 



n ? s w m a a ~ e s i ~ u l ~ a y n i w  1465 l?a~~a~fi~sndinraazaw"laiau fimu?; sucrose densty 

Pdd - - 
gradient ultraccntrifugation technique ~ ~ u a ~ ~ % ~ u f i ~ ~ d ~ u w n i s ~ a f i z - i s ~ ~ i ~ d ~ ~ m ~ ~ ~ u ~ s w d - ~ n  

arn:r~iadau arfizm?uuims2iuC? OIE ( 2000) Fuses n i~~ , i saamw~Gu~mmyn im 146s a=%%; 

nlssa4 Ooel et al, (1982) ~ ~ z ~ " d ~ ? T a a ~ u d i ~ 1 ~ 1 ~ ~ ~ ' i l f ~ 1 s ~  b"da flow rate, absorbance 

sensitivity, chart spccd, path length of flow cell, E L L ~ ~ ~ ~ U I W S ~ ~ ~ ~ I S  fi9%Pd~Wffllf61Pd~~ 

( n l s w i  I) q:!6o'losdpsu~ peak area Twums~ 1 ~ ~ n i s a 4 u u < u ~ a $ i q ~ q ~ ~ d  iriddiuwmfiau 

9mn~w~n7u~s~dln.lf izaw"~dau d i ~ n a w n 6 u F f i ~ i a f i s u m  q~ri1nisi1uam:11d4uim 

synlm 146s ~ a ~ u n l s r ~ u u ~ u n s i d u 1 m ~ ~ 1 u a ~ 9 ~ a s ' d ~ s ~ ~ 1 n ~ ~ ~ z ~ w " i a ~ 1 a ~ u ~ ~ w ~  (purified v r ~ s )  
a q.an"as~s:Gmmu$uwNu a.dun1s~m7uu!aFai~lT~w$ niTwwfiaumaiuuTqwdaaqIafa&auani8s 

, u 
_ 1 -  4 

spectrsphotometer l ~ ~ : f l ? ~ U l ~ ~ ? ~ ~ B i w " ~ ~ 5 : ~ < 1 9 f i ~ 1 6 1 6 R ~ ~ f l 1 R  1465 nYEl peak area nannqu 

$ d a ~ ~ a ~ ~ a $ ~ . o " . r z r n " a g ~ ~ a ~ x ~ n n " ~ ~  rasiuehaaazr~usmrs 

q ~ n n ~ ~ w ~ ~ f i s u i & u u ~ $ u ~ ~ f i u ~ n ~ a ~ r n n  1465 ~as1a~a~sndinaaw:aw"iadau iiuau 30 
-4d 0 

~ ? ' a a i - s  w u ~ ~ a s w ~ ~ u a r n w ~ u i m ~ y n i ~  1465 q i n n s i ~ u i n ~ ~ i u ~ a ~ ~ a ~ ~ u ~ ~ w ~ ~ : ~ ~ n ~ i ~ ~  

Doe1 et a1 (1382) ra iu  ( M e a n k ~ ~ )  r?ii(u 48.1 i0.3% (0.5% CVs) ama<aduiq?n ? )  la?@ 

1is~w$$am7uarl~~u?~w~q'.s~ ~a~nim$=Adu$au~sard<i purty ratc ~ L E P S L ~ L ~ U ~ T : ~ ~ ~ I J ~ I  

absorbance 239, 259 ~ ~ 8 3 2 0  nm ~ ~ ~ R I U ~ I ~ T ~ I P A ~ " ~ ~ ~  i i%WYdifiuim 1465 d lgasni i  

naiu~iluq7.s 2) a~4~4ia~njno~~$1{miu?~aas  Doel et a\. (1982) ~ u w d ~ i u ~ ~ " n ~ i n ~ a i B i a a m n ~ ~ ~ s  

iisi ~wr~i~w~:aw<as IJV monitor iaa: recorder ~ ~ i ~ ~ m a i u l a r a a : m a i u ~ , ~ j u i ~ ~ d u ~ w s s ~ i s r ~ u  $4 

d -  A' qzazua$osr% 1465 psak area wrnmauFmunss 

~1n$a61esumw1.s?~1n1~.u"a 5.4 "jYiau 54.5 ~IUBIIW~~IU ISO/IEC 17025-1399 (uan. 
e - 

17025-2543) l d ~ ~ u ~ ~ l m 9 ? 6 ~ ~ n ~ a 9 " i i n G ? ~ f l l ?  (method validation) i~a9d~EImn199/.81fiauLLfiY - 0- 

basd~umn1saaur~uu~a~ns:Gia~~al~n1swmaiau~u$wa~uar8iudi (accuracy) aaa:ldiadada 
i 

(reliability) T ~ L ~ ! ~ G R C ? % % U ~ ? ?  validate 4 ~ % " ~ " P 9 % d a w R ~ m ~ ~ ~ ~ e s ~ l u a w ~ ~ n ~ a ~ d ~  L$U nisaau - -- a$uer&au reference standardslreference matorials n ~ s ~ ~ ~ u a ~ u z l e ~ a ~ z u i ? ~ w " ~ ~ E j ~ u ~ ~ n ~ ?  
- A d  

(interaboraiory comparison) a ~ ? u u a $ u u ~ a ~ - ~ n 4 ~ n 1 r w n ~ a w ~ d ~ s r ' n ~  n~sdr:aAuflqquwu 
a ~w"saianirwm@au ~aa:f l i fd~~a~ud?~aiu~6jaa%uas!~a~ua (uncertainty) du iu  a.Jnls 

wmaaud~~n~~4? l6~ann?ss i~ las"au~~mpl~naaozaw"~~ laer$ws~u~u~ma~d i~n  146s aandunurada 

b"dqin World Reference Laboratory for Foot 2nd Mouth Disease (+bright Laboratory! %I 

d P.=, d 

wmaiauraa:afieiua?~_1u<ufim~d~u3n~~amsd1uq a~a~ma~anas~~n~asawu?:auaaaz%4i3u 



l .nu i  a i i d s z F n u  aaw:uwws ~ " w u d s : ~ w %  2543 n i s ~ w a a u w i ~ u i m m y n i ~  146s 

Iua '~ luFs~d inaawz~w" ia3mu6 iwhqns  . n ~ w % i ~ u  Lauusau 3 ln f i  F w u Z  

Sucrose Densi ty Gradient Ultracentrifugation alrfi is~auEmfi6u.ji 10 ( I -2 j  : 61-71 

u ~ 7 u u q ~ a q w  i?.sviu GUWTPIW a r a z r ~ ~ u ~ n &  ~s~w ldb  2535 n i s d ~ u d p % n i s m  
d 

d ? u ? r n 1 4 6 ~  w i ~ G ~ ~ ~ ~ ~ ~ ' ~ a ~ a ~ s m ~ i n r r a z ~ ~ i a d ~ ~ F n u ~ ~ ~ ~ ~ s ~ ~ ~ s i u ~ ~ ~ n ~ ~ m ~ ~  

aisais~qaulwflm.M"3(1) : 42-52. 

uum? blui~swqPdb ilaaTiaqm$ 46~uiGbl 2535 nisa'mvifiu?m 1465 ayni~~ul;9d~m9 

lahFswd ina ra~aw" i~au  a:sais$auGwflm.M"3(1) : 3141 

uan.  : 7025-2543 (iSOIIEC 17025:1999) ~ m i i i w u w w k a ~ ~ ~ i ~ a u w a i ~ a ~ ~ u i T o " u m ~ ~ r n ~ ~ l ~ u ~ n i ~  -- 
~ r w z b a s d ~ u w n i s a m u ~ ~ u u  (General requirements for tile competence of testlngs 

and calibration laboratories) i i % n a l u u i ~ ~ ~ i u w ~ n ~ N m i ~ w a i M n s s u  nsYAsaa 

gwaiwnssu. 
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Comparison o f  the method for quantification 

the amount o f  146s particles o f  foot and mouth disease virus 

Chaiya ~an~aprakhon '  Kr~tsada ~ im~ananon t '  

Abstract 

Comparison of the method for q~iantifcation the amount of 146s particles 01 foot 

and mouth disease virus (FMDV) between using the standard curve from purified FMDV 

and the method described by Doe et ai. (1982) which accepted by OIE (20003 in 30 

samples was done. It was found that the amount of 146s particles quantified by the methcld 

usny the standard curve from purified FMDV was 48.1 k 0.3% (0.5% CVs) higher than that 

using the other method. The difference might be due to the impurlty of virus samples a~idior 

the different sensitivity and accuracy of the instruments. 

Therefore, further confirmation by comparing the quantity of 1465 particles with the 

one determined at Worid Reference Laboratory for Foot and Mouth Disease, Pirbright 

Laboratory, including the potency test of vacclne are needed. 

Key words: quantification, 146s particles, foot and mouth disease virus, standard 

' ~ o o t  and Mouth Disease Vaccine Quality Control Secton, Bureau of Veterinary Biologics, 

Pakchong, Nakhonratchasinia 30130 
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r ~ e ~ u i ~ e ~ ~ 1 ~ ~ w m ~ a ~ 1 ~ ~ f i ~ i m ~ d ' b ~ ~ d ~ u ~ b a u ~ b ~ u ~ m ~ u ~ ~ m d i n ~ ~ n ~ f i i d ~ u  { i ~ d ~ u  2 
v 

$mTw%u Iwuniswm~auii7 6u iiuau 20 m% w n i a i  rrauirquTm3uqm HT47T aan"~74iu W 

f i ~ i m ~ d s ~ u r f d u  ( ~ e a n k ~ ~ )  arnzdi~udsz8~;dr~d~ni'bn'bzqiel (%CVs) qinn?swaweuTwu 

52 Modified Folin (Lowry) method r v i i h  820k0.12 (14.4%) aao~ 570k0.07 (12.0%) pg!ml 

94 

WIBI~I~U, 96 Folin (Lowry) method Wiln'El l,:d0k0,17 (10.0%) aaaz 1,360k0.05 (4.0%) pgiml 

W I U ~ I ~  E I L ~ ~ E ? ~  Bradford method (Bio-Rad protein assay) a i i f i E 1  820k0.03 (4.0%) aLsz 

610k0.04 (7.1%) kiglml ~ I U ~ I &  - nri ,d A 4  
~ d h a 5  Bradford method (Bio-Rad protein assay) a~uaswuwaiuaaaiu6iirazaiusnss$ 

~ ~ w ~ u n i s w ~ ~ a u ~ ~ i f i ~ i 6 ~ d T d ~ ~ u ~ u ~ ~ a u ~ ~ ~ u ~ m ~ u T s ~ ~ l i n a ~ a z ~ f i i d ~ ~  qinni~rEPSe~urG~uii 
4 ad 8~ds-7~~$rr~snisn 'd~qiu (%CVs) sasns1dmmas Folin (Lowry) method !ia~waiurraiuiirrm: 

r ~ u s w s s ~ r a d ~ i n ~ l ~ ~  Bradford method (Bio-Rad protein assay) ?Im& Modified Fol~n 

(Lowry) method ~ 1 ~ w m a a ~ 1 % ~ ~ ~ ~ ~ u ~ m a i u ~ r ~ u i i b ~ n z b ~ u s n ' b ~ ~ i  i r 6 d s  Folin (Lowry) method 

%ss "d i f i ~1mIds~u%uKaad i~~ iau~ r~u~~n~ i4F$  Bradford method (Bio-Rad protein assay) aim: 

53 Modiiied Folin (Lowry) method d'dz~lm 2 i41 ~ I ~ L ~ u L W T I ~ % P ~ ~ ~ ~ ~ D ~ I ~ T ~  Interfering substances 

%q:'bfi?ina~iaId 
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niswm~~auvifiuimTds~u%uaa~au~a~uTmluFswdinaaszaw"idnu afluniom~au~u~6~nlw 

%un?~~launi?~Zm (Inprocess quality control) nsZuaunisv~s%uvalern?uuaunis~!ia~96fim9 

wmarau ~.du n1swmamuv1fiu16~myniw 1465 ~msIa5aTswdinaas:rflidmo Inactivation test 

niswmamumaiu~uabs48m4L$m%uL~a6awizb8fls (Infectiolis titer test, TCID,,) niswm'a?aumalu 
A d  

danmfler (Safety test) aas:niswmamuwaiu[uTsw (Potency test) aquh ~ ~ L E ~ I W T ~ G U W U ~ ~  

~u~wduviniuinLiiu~dni~~"i%fiZma"~~K?uYmduaiimminisLaw?~ 

d ie rwmamu~~un i~Yw~u~swd in~~s~aw" i~mu iiGnammTu6fii%afin~GZma" Gin?.sbisa.; 

as~l~ifiuim6d?iuSuaasu~aqua"n~u6~ndin~~azaw"idser 6mer?6$ Modified Fol~n (Lowryj method 
Sdd .. 

(Rhone merieux, section 6, 1988) isa~uaswmwaadasqin?~ Folin (Lowry) method (Lowry et 

al., 1951) ~muqzinismnmms~aFd?~u%uRas~is~aernrm~ds~nas?nrisu a;mam lnterier~ng 

substances a~~a~sq:~i1dmmfim~lvi6d~iu%u~umsui~1d ?&vZnni?~1mfimu~s~ L&I~?%.J 

~aun'El@isa~siuwm~aams%udis ~afinImmmuqz~s~mv~mxfiFuqmsfiisaddImw"~~~~Fdsiu6a~ 
d "  

~a6msa~u~lsumlu~dI~l;aSmwnuaw~nd aum~sIa"bfiaiimd~n?ui$au~sdLa6a~iuais Folin- 

Ciocateu phenol reagent ny~adma~d~u~Ei~mm-9"1m@6d~sa~mm%uaisa:ai f l i9qn~~a~f i~ 

~ i ~ P d ~ ~ q ~ ~ ? i u b ~ u ~ . 1 f l ~ 8 m d a u 6 ~ l f i u i b l d ~ d s ~ u ~ ! m ~ ~  (Lowry et al., 1951 ; Emu, 2524) 

niswmamEiwifiuimFdsiuaiui~nn~zW"iI~ufii~?"s~aern'u aiu nisuifiuimIuFmsaqu 
d s d d  d i. 

TI'EN~d?~ldllF14 Kjeldahlc LLsSumas ,  Biuret test fit$ Lowry method v?masmuwmmaadssId) 

fl l?a"m refractive index, nia'~mmaiusias~i~wix (Flotation), Turbidmetric method, Fuorometric 

method, Dye nd ing aanznis%%~biinTms~&$8 (E1ect:mphoress) afluGu ~4aa&aaad~maldrfi46 
4 Sdd d ,  3 d 

%unisQiIEi%% Tmuuin~a~aGeru%GZnis~m~ Lowry v~mafiaummmaadasIdqinu runs9indiu 

Laazfizman %.a"raai6mer 

~m~d.szas6vssnislnwi%uw!d% a ~ o ~ ~ e r ~ ~ ~ ~ ~ ~ " a n i n l ~ u n i s w m a m E i v i f i u i ~ F d s ~ u  
d. 

%uaanu?rqs~a'n~s~Fswdinrra~awiar~m~~ Ffiu?"sodifiea Folirl (Lowry) meinod, Folin (Lowry) 

method lb8:% Bradford method (510-Rad Protein assay) (50-Rad Laboratories, commercal 

kits: Bradford, 1976) ii?i$nis%mim?luaa8iui? bdfI9ms4 ~iL$fl?mLLflz8:man?amb~? L i m ~ l l d  

%.a"d~nj-,4iuC.;o'Ld 
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gPInssld"~~w3znls 
2dnssld" 

I. H R B ~ ~ A R ~ S L L K ~ ~ U I ~  13 x 100 rnrn LLWA8 x 9 0  rnm 

2. r r n $ m s ~ ~ d ~ f i w s l d f ~ ~ ~ m m ?  

3. an&~sr.aumi?dad 

4. Lmim4NBuBIS(~otex Mixer) 

5. lufnaldadw (Micropipette) 

6. ~9wEiisramu~rrrd"d~m~au 3 ~mdiiv~uNwu~rn~uf~m~~?nLan:~w"~dma~ns. (fimuu@u Ernulsif~er 

Lrn: Oil) .gw HT 47 T aan: HT 47U ~IUQU 2 ;o?mqs~ 

a i s a n i  

1. Reagent-C u?m Lowry reagerit % ~ m ~ a u r i n  

1.1. 617n:aiu 2% Na7C0, . - in 0.1 N NaOH 

~ ~ & J ~ T w o n l S l %  Anhydrous sodium carbonate 20 g ~ ~ l f l & 2 t l  0.1 N NaOH 
9, 

ds -u lm  1 L 44 G.1 N NaOH am?uuTwal$ I N  NaOH 100 ml $m~14hae1~1 DW (Deoriized 

water) %I%& 1 L 

1.2. f i iSO37a 1 % CuS0,.5H2O 

1.3. 61SnZWIU 2% Sodium tartrate 
b 

amihuFwunisn-niei Sodium tartrate.2H20 2 g 6au6i DW 1%; 100 ml a h l a i l d  

pnaaas 

1.4. N ~ ~ B l ~ A ~ n l ~  1% CuS0,.5H20 1 m LLnZ6lSw:nlfl 2% Sodiuni tartrate 1 ml 

er~u%w"a$i<uaa6admu~ r ~ ~ 6 ~ i s n : n i u  2% Na,CO, i r i  0.1 N NaOH 'La6 100 ml am?uufiaunir%"dv 

2. nisam~uunswa4mwnn:nmu~~s~umiu~~ Modified Folin (iowry) method 

2.1. 20% Perchloric acid 
u 

~m?UuTwfiflIs!% 70% Perchoric acid ~?flql469~;1 DW %u~W?ldau 1: 3.5 

2.2. 10% Perchloric acid 
2, 

am?au~nfinls%"a"00% Perchloric acid a?mq1a6aa?~i DW lu6msidau 1: 7 

1 
~ o t e k @  i u  Uvll~te, Italy 

2 
Jouan $ld k-110, France 
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3. 1 N Folin-Ciocalteau phenol [reagent 

am?uu~munls%$ 2N Folin-Ciocalteau phenol reagent 1 dau L%aqls6au61 DW 1 ffiau 

~m7uu~auni?%.a" 

4. ~ I S ~ Z ~ ~ ~ ~ ~ ~ ~ ~ U ~ I W ~ , " ~ ~  Bovine serum albumin (BSA)' 

L~?~u!mufl l?aZfi lu purified bovine serum albun~in 100 m &u& l  DW 1%; 100 rnl 

( m a l ~ ~ < u $ u  1 mglml) af?u%dP.gaaC"1~~d~b=% (cryotube) P.gammaz 1.5 ml L ~ ~ L L ~ ~ ~ K U P . ~ ~ $  2 0 " ~  
w 

5. ~ l f l l ~ f h ~ B l ~ %  Bradford method (Bo-Rad protein assay15 

am?uulmu%4%ieri46mub$u%u i dau $W%I DW 4 dau am?eruTinuni~%%miu41~au~a'"uEii 3 

w$madaaw?uuLL$aaiu~sna~ui~mP.g~~~m$ib$~~jL~u 2 ~ d m i G u K ~ q m a ~ ~ ~ u ~ u u ~ m u r r 6 a  

?ZniswwaraerwiGuimTd~iu 
n ,  n i s w i d ~ ~ i s l a s d ~ i u T w ~ ~ ~  Modified Folin (Lowry) method 

%.a"i 'aaEiigGimdnlswmaau 0.5 1111 m q % u v i m m m w m ~ m q 9 1 ~ 1 ~ " 1  13x100 mnl n n n - m u  
w 

l d s i u 6 a u  20% Perchloric acid ~ n w m ~ " 5  5m ~91eii%fia<?r%s!a" 10 UI?, ab6aazu 10% 

Perchloric acid ~mwma'. 2.0 ml h%94~~lda~er l  20 u l i  1~llibd~u6auLR~~9L~fiU~.l?~26~ 

waiudasmu 2,500 rpm d u ~ a a i  15 UIG aaXaandauk (Supernatant) $9 61m~nauibvi%a!d 

B X I U ~ U  0:l N NaOH ~ a m m ~ " . 5  1111 a 9 1 e j l ~ ~ ~ ~ n m u a % l u b i ~ 1 f l i ~  Keagent C P.gWamWE 

2.5 ml aueil%I%a$l<u ~ S % G G ' I E I ~ E U ~  10 u l i  Ldamsuaaal16au Folin-Ciocalteau phenol 

reagent MnamR".25 ml erau%6'~<lKufiuG &ib%u4$~"1 30 uli? a ~ X a i i ~ d T m i i n ~ s ~ m n ~ u a ~ f l <  

? !waiu~ iawi& 635 nm ~iuamfiu~mFds~uuaGuvn"El~Wuns~duims~iu 

1. ni~wid ' .u imTd~~uF~u~Z Folin (Lowry) method 

% . a " i ' a m i i g ? ! i m g n l s w m a a u  0.1  rnl nd%uP.gammwmamg 13x100 rnm b~&aaiiu@lf 
" 

8 x 1 ~  Reagent-C i q n w m n 3 . 0  ml iflu%fi~$1<u9dWPs%6~1d$%u1 10 ui: a~6a~Gu@i? 
d 2 

9Z9lU Folin-Ciocalteau phenol reagent wamnw'. 0.3 ml aw i iw "uw  ws~a"%udu"n %Pts"L?n 

d$%t~lWdau~rn~ 30 ulG LL~a~ii~da"miinlT~mn4uaafl<9~uLm<mdaadn~w~ldlm~anm5?! 

waluulam~u 650 nm iiu~bldfiulm~dsiu~w"uu~u~~unsid~~ims~iu 

" S~gma Lot F-9252, S~gma Co Ltd , USA 

3 
Sgrna Lot 11 H9312, S~gma Co Ltd , USA 

"Bo-Rad Laboratories, USA 
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R .  n i ~ ~ i G ~ i m l d r i u l m ~ ~ Z  Bradford method (Bio-Rad protein assay) 

%.d"~amf i l~~ f in~n iswm~8u 0.1 ml a9%tlp9aflwwman9 18 x 90 m f n  a a 6 a ~ ~ u ~ l u l i ~ ' a u ~  

a4mqisaaga trwnmw: 5.0 nil ufiuIfiaGiKu ~ q ~ ~ s ; i i d ~ ~ u i i ~ r n v ~ ~ ~ m J m i i q ~ e v  5 u i t  saga+ 

1dYmi in is twnZuaa~~6au aw~m~a~elwTmsTd6w~awrn5 $maiNuiaw& 595 nm i i , iawfiuirn 

Td~ iua$uuKu~~un~ id~ im~~ iu  

nirmw~mu~&wubZau~Znir 

1. Lf iwub~esJh~uns id~ imr~ iu  (Standard curve) 

$.a"aisnz8iuuimsj iu BSA waiub$uti~d 1 m g k n  iml~m?uu~,6 ~ l L ~ ~ ~ ? i < & ~ e j  

$1 DW % ~ ~ w a l ~ ~ ~ u $ u  100-1,000 pg lm l  ( m i s i 9 i  I j aan:%i DW a ? h  blank a l & 2 i l n ? ~  
-4-i Y 

wmfiauuif iNim~dsiumiuasw'~m?in n ,  7 Law: w a d ~ u u l ~ u u l ~ u n ~ 1 ~ " 1 u 1 m s ~ i u ~  

a a f i m ~ m a i ~ ~ u ~ u ~ s ~ ~ i ~ ~ u i ? ~ d ~ ~ u a a ~ : ~ i n i s ~ m n ~ 1 d b a a ~ b a a m ~ 1 u ~ u v ~ u ~ a ~ ~ ~ 8 u m T ~  
2 

(Linear regression, r)789rilrwmamu6J 3 7% 

2. ~ & w s J ~ Z w ~ ~ ~ i m l d r ~ u 7 u ~ ~ m u ~ ~ ~ u ~ m % ~ ~ ~ ~ e 1 7 n ~ b a z ~ w " i d m w  

~ 1 ~ 9 8 ~ j i 9 a ~ m u ~ ~ ? u ~ ~ ~ u ~ s m d 1 n b b ~ z b ~ i ~ ~ 8 u ~ m  H i 4 7 1  lba: HT47U 'Id 
* u 

wmamup9ifiuim6d~iumiu~"s n,  7 aanz rn Tmuniswmamu4i.l ~ a m f i i ~ w :  20 m% (Tmui inis 

wmfiBu I mkim~u ~quaaa i  20 ~ u )  G u t n u a  ~GuuaGuui ia~Zu (Mean), i iaiusauu 

uimszlu (Standard deviation, SDj a a R ~ i ~ u d s ~ w W $ a L ~ 9 n i T n s z ? i u  (Coefficient of variations, 

CVs= (SD1Mean)xlOO ) a~mwmamumaiuabduiiaaa:naiuadus~sg"Lia9niswmamu 

I .  ~ ~ u n r i ~ ~ i m r ~ i u ~ ~ ~ ~ i ~ a ~ a i w l d r i u ~ ~ i m r ~ i u  

~ ~ l d ~ 1 ~ ~ ~ 1 ~ ~ ~ 8 ~ 9 ~ ~ l ~ ~ ~ w " U ~ ~ ~ p 9 ~ l 9 f i ~ l 6 l d 6 d ? ~ ~ ~ ~ ~ ~ l ~ ~ : ~ 1 ~ ~ d ~ ~ U ~ l ~ ~ ~ 1 ~ ~ ~  

i inlr~mn$IurawJ qinniswna8uTmu"a Modified Folin (Lowry) method 7; Folin (Lowry) rnethod 

~ba:?? Bradford method (Bio-Rad protein assay) ? ~ ~ ~ ~ l u & u ~ u s " a ' J 9 ~ ~ u ~ 1 ~ 9  (Linear regresson, 

r) aw'ih 0.9940, 0.9983 La: 0.9974 m i ~ & i D h  iEl9niTwm@8u6mu?~ Modified Folin (Lowry) 

method LLaSradford method (Bio-Rad protein assay) 6 1  absorbance 789 standard BSA 9: 

$nga~usKuv?m~ldir% ~mua~w i : rd8 f i u im  BSA &na l  200 p y l m l  (idi 1) 

2 d?~~imlds~u7u~bmu~b~u~m~ul~mdinb~azbWSi~~mw 

~inniswwfimup9ifiui~6d~iu%u~amii~~amu~a~u~w~uTsndinaaa:~~idmu~m Hi471  

aLR"HT47U ~ ~ ~ i ~ ~ 8 1 i ~ ~ d ~ ~ ~ b ~ ~ ~ ~ ~ ~ : ~ i ~ ~ i f 1 ~ : ~ ~ ~ b L ~ 4 9 n i ~ n ~ : 4 1 0  ( ~ e a n t ~ ~ ,  %CVs) 

qinniswmam~~Fmu"a"s Modified Folin (Lowry) method ~ v i l k  820T0.12 (14.4%) aaa"70k0.07 
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(12.0%) pgiml mlu;l& Folin (Lowry) method a i l f %  1 , 7 0 0 ~ 0 1 7  (10%) bbfl" ,360f0.05 

(4.0%) pgiml m l u ~ l &  PImDinl'?n!36BEI~wU?"s Bradford method (Bio-Rad protein assay) 

a i l r k  820k0.03 (4.0%) kaz 610k0.04 (7.1%) pgiml mlui16u ((ml'?lsi 2) 

m1'61.ad 1 a a ~ r " l s ~ ~ n ~ s a ~ ~ ~ ~ ~ s ~ ~ ~ z w i ~ T d ~ ~ u u ~ ~ ~ ~ i u  Bovne serum albumin, BSA 

~ l ~ ~ U : ~ l w ~ ~ B U ~ l b ~ ~ ~ ~ l d ~ 1 ~ ? ~ 1 ~ ~ 1 ~ ? " s  Modified Folin (Lowry) method 

Folin (Lowry) method ~ba~?ds Bradford method (Bio-Rad protein assay) 

zdd 1 aaswsa8uns1duim~~iu~ms~1sozn1~i6ds~uu1m~~iu Bovine serum albumin 

BSA qlnnlsww6~~lw?u?"s Modified Folin (Lowry) method ?"s Folin (Lowry) 

method LLflz?; Bradford method (Bio-Rad protein assay) 

(pgiml) 

Absorbance 

1,000 pgim ( m )  

--e Madlfied 

F o n  (Lowry) 

method 

Fain (Lowry1 

method 

+ Blo-Rad 

pro ten  

assay 

el?aimSdGu 

100 1 9 



HT 47U qinnirwmwaPiFmu Mod~fhed Fohn (Lowry) method, Fohn (Lowry) method 
9, * 

LLfi:% Bradford method (Bo-Rad protein assay) qinniswm8muii 20 m% 

(pgimi) 

. ~ i n m i r i G  2 ~ ~ ~ u l ~ i ~ ~ ~ n n i s w m a a ~ l m a i u ~ ~ ~ u i i F m u n i s l ~ ~ i s f i : f i i u F d s ~ u u ~ m ~ ~ ~ u  

(Bovine serhlm albumin, BSA) L$U$U 200 pglml ~ ~ w ~ ~ ~ E ~ I ~ w $ ~ B ~ K E ~ T w ~ u K ~ B ~ I ~  W P J ' ~ ~  917 

wmfioPiFnG"s01in (Lowry) method LL~:% Bradford method (Bio-Rad protein assay) 9,i 

~aiarardu~iaafizmaiuL$vdmsdiln&Livqn'u F m u ~ i i a ~ d u f i u i n ~ F d s i u ~ ~ f i ~ i ~ u d s ~ ~ w i l % a ~ ~ , i ~  

m'anfi19 Modifed Folin Foiin (Lowry) method 

HT 47T 

HT 47U 

Control BSA 

(200 pglml) 

nisns:qiuavii~u 195k0.01 (3.1%) ~ ~ f i z ~ 0 5 5 + 0 . 0 1  (3.896) pglmi m i u i i ~ ~ l  ~lmA5: 

Modified Folin (Lowry) method ~ : i m a i u ~ ~ a j u i i ~ ~ f i : m a ~ u ~ ~ u ~ m ~ d ~ i n i  ~ m u i ~ i i b ~ d ~ f i a r i m  

~ d s ~ u a ~ a ~ ~ i ~ u d s z ~ w ~ ~ a e 4 ~ n i s n s ~ q i u ~ a r a i s ~ ~ f i i ~ F ~ ~ ~ ~ u a r 1 m ~ ~ 1 u ~ ~ i 1 K u  178ko.01 (6.9%) 

" i  ci 
p g ~ m i  ~ ~ m ~ l u ~ n r n 6 d u o u ~ u 1 ~ a i ~ ~ m a i ~ ~ ~ ~ u : m ~ ~ ~ m ~ ~ ~ n i s w m a ~ u i  (%CVS < lo )  &afltaiiV? 

u8u?u1aufi8sdfi~l~niswka1d (fiw'wc, 2542) ~a~~s43a immaia~rab ju~ i~un iswm~8u 

il77;% Folin (Lowry) method $ f i i 7 f i ~ - l i ~ u ~ d s ~ u ~ d n < ? ? " s ~ o f i e d  Folin (Lowry) 

method LL'&Z% Bradford method (Bio-Rad protein assay) d ~ z ~ i r n  2 a i l  o i qaB t~~ f i u i q i n lu  

iqodisaLmu'1L~ud~iuivnawPii Interfering substances $ a i u ~ ~ s b ~ ~ ~ a ~ w ~ ~ a s n l w 8 F s n l F u ~ u ~ n m -  
* A 

~aa~dv%aa~m%uai~fi:f i iu Foln-Ciocalteu phenol reagf.nt l$i%ifi~auin?u g9 lnterfer'ng 

id 
substances lIuWfih?%!L$\b f i ls detergents, Carbohydrates (eg. Sucrose, glucose: 

Bradford mechod 

glycerol), Buffers (eg. Tris, Hepes, glycine, hisiidne, citrate), gradient forming materhals 

(Lowry) method 

M e a n k ~ ~  

820k0.12 

570k0.07 

178k0.01 

- 

%CVS 

14.4 

12.0 

6.9 

MeankSD 

1,700k0.17 

1,360k0.05 

195i0.01 

( B o R a d    rote in assay) 

%CVS 

10.0 

4.0 

3.1 

~ e a n k ~ ~  

820k0.03 

610k0.04 

2051k0.01 

%CVS 
- 

4.0 

7.1 

3.8 
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(F~coll, metrizamide, polyvinyl pyrrolidone), thiol compounds. potassium ~ o m p o u n d s ,  

sulfhydryl compounds, disulfide compounds, magnesum, calcitm, ED1 A, (NH,),SO,, Trtorl 

X-I00 du iu  (Bensadoun and Weinstein, 1976; Dunn, 1992) d 9 q i n n i ~ w w ~ m u ~ ~ u a i u l m u J ~  

Supernatant dej iunisnnmmau~ds!uLL~a d?u@n:w%rflunaid6au 0.1N NaOH aa~a7il!d 

wm~nuwiePruimFE]siumiu?"s Folin (Lowry) method w u ~ ~ ~ s j ~ f i u i m f d s i u i ~ ~ m u d  LL@FI~<I 

nismnm:nsufdriu&a~nswriims~idW8j~~6 Kq~uaa~wdii%u~andlsirmu2asu!@is lnterferii-ig 
d o  B P I  

substances w w l  bwfiuimfdsiu~wmmau~~q~~nfj"~ Folin (Lowry) method $ d i U  aao&n is i?~  

Bradford method (Bo-Rad protein assay) t&cia%n6azuslyu4i$i;jds Modified Folin (Lowry) rnethod 

i%nqlln lntertering substances ~u~andidLLnu~aqu!~i~U8i,aniswmWnU% ~ d q ; i b ~ ? ~ i i n i s ~ 1 1 ~ 1  

P41 lnterfering substances g d n 6 i a i a t d  
u u 

w53iniswmfiauuifiuimfds~uFwu"a"fi Modified Folin (Lowly) method LaazFolin (Lowry) 

method q m 6 1 u ~ $ d f k  ~ ~ f l ~ n i ~ % % @ i ~ ~ ~ ~ i ~  Folin-Ciocalteu phenol reagent r~ ihu fk  ( a h  

f i lSid'Xn'au6au Phosphomolybdic a c ~ d  LLWZPhosphotungtic acid) i d a ~ u @ l S d % ~ W w @ f I ~ l  

phenolic derivat~ves L ~ U  tyrosine Lao, enolic derivatives b4u trypiopharl L L ~ Y  cystine ~?h.4hA 

LLi?i;jds Modified Folin (Lowly) method i r n ~ ~ n i ~ w n m ~ n n u T d s ~ u ~ a u n s w r i n u  i d i a u a m @ l s  

lnterfer~ng substances % u ~ a n ~ i d r a s u ~ ~ q u ~ ~ ' ~ r ] & a u  ~m;dnirwwauufwu? Bradford method 

(510-Rad protein assay) ~ I 4 ' $ i ~ i G ~ g 1 8 i i ~ ? q ~ d  ( d s ~ n m u 6 a ~  ~ o o m a s s i e @  Brilliant Blue G- 

250 dye, Phosphoric acid ~ ~ ~ " e t h a n o l )  d % h ~ n n i ? w ~ @ n ~ ~ i f i ~ i ~ f d ? i ~ ~ 1 ~ ? " S  
A '  

Bradford's method (Bradford, 1976) "dilu?6au8&ndias:<un"u primary basic and 

aromatic amino acid residue b" l j  arginine 1 3 u h  (Compton and Jones, 1985) 
% 

~ ~ ~ ~ a n i r ~ n f l a u ~ i ~ ~ u i m f d s i ~ d ~ w u ? " s  Bradford method (Eio-Rad protein assay) 9: 

%w"cianisww@nu4!maiui~sjuii ~ a i u a ~ j u ~ m s ~ a a a ~ ~ a i u s a m ~ S a m ~ ~ ~ n i s w ~ ~ m u i ~ ~ ~ ~ i n w a  

n ~ s w w ~ m u ~ ~ I ~ a ~ a i a a d ~ ~ ~ ~ a u ~ ~ ~ u ~ m ~ ~ a f ~ ~ ~ i ~ i ~ ~ ~ ~ ~ f i i d n u ~ a a : ~ i ~ a ~ a i ~ ~ T d s ~ ~ a ~ ~ i m s ~ i u  st19 
A 44 

Fid~E]WZa6 Folin (Lowry) method aiazfj: Modified Folin (Lowly) method w l u i l ~ u  ~ b b i f i ~ l C U  

TE]siu$~Kqin4"s01in (Lowry) method qqdn$ i%i  2 42 d ~ j ~ a i m  2 a i l  &~ZI~Y~I~~I?~~IIY'' 

a~uaiu~~6ifiuim~ds~u~aaw"q~~lwunisr&uualerur-w$i~~s~d~u~nisrrw-/94"rar?irwmainu 
, 4 4 

~ ~ U 9 6 ' a u ~ ~ n u  HPLC (High Performance Liquid Ct,iomatography) w% Electrophoresis L W B U U ~ ~  

.id4 

WalBlgn~ndaaa~rau~9wmW~u991 Interfering substances t~'uaw~;wadsni~mnflau~wu?"s Folin 

(Lowry) method EiaM 



w- 5mu %ilE 2524 ~I~~IL~BIIN~EI~~U ? h a m s  I I  (Elguwnis) mmz8waaawwumiwo1f 

~v~iasnsduu17wuit7u ~ $ 1  33 - 51. 

fiw"ww" KnwdGaqa 2542 n s z u a u n i s ~ < ~ w i s ? w ~ ~ i ~ i a ~ f q ~ n i w  ~ m ~ w i n ^ i s 6 ~ ~ . i l ~ i a m 4  

UM??WUI~'J&I~WR p49dY1 83. 
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Comparison of the method for determination of protein content 

in the antigen of foot and mouth disease vaccine 

Jaturon ~ o r a c h '  Chaiya sangaprakhonl Krltsada  impa an anon? 

Abstract 

The determination of protein content in the antigen of foot and mouth disease 

vaccine with the Modifled Folin (Lowry) method, the Folrn (Lowry) method and the Bradford 

method were compared by ana!ysis of two lots of vaccines, no. HT 47T and HT 47U Each 

method was tested 20 tinies in each saniple for repeatability. The mean v a l u e s k ~ ~  (%CVs) 

of the protein content in saniple no. HT 477 analyzed by the Modified Folin (Lowry) method, 

the Folin (Lowry) method and the Eradford method were 820k0.12 (14.4%). 1,700k0.17 

(10.0%) and 820k0.03 (4.0%) pglml ,  respectively: for sample no. HT 47U, they were 

570k0.07 ( l2.0%), 1,360k0.05 (4.0%) and 610+0.04 (7.156 pglmi, respectvely. 

The result showed that the Bradford method had higher precision and accuracy than 

the Modified Folin (Lowry) method and the Folin (Lowry) method. Therefore it is sutabe for 

deterniination of protein content in the antigen of FMD vaccine. However, using t!ie Folin 

(Lowry) method, the resulted of protein content values were approximately 2 tnies hgher 

than those determined by the other two methods. It is probably due to inteffer~ng 

substances in saniples which further experiments are needed. 

Key words. protein content, foot and mouth d~sease vaccine 

1 
Foot and Mouth Dsease Vaccine Quality Control Section, Bureau of Veterinary Bioloycs. 

Pakchong, Nakhonratchasima 30130 
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w d w w W W  

nalu~uwussr.vril~~61d95~~na'~1a~611nn"er~ul61d~alu~'21uvuv~9 PI Arlacel A 
w d  w 

% u n i s ~ ~ ~ ~ ~ ~ u T s n d i n b a a ~ b r n i b d ~ ~ ~ n s ~ ~ n ~ i u u  

~ n a l @ a i u 8 ~ w " u ~ ~ ~ w ~ 1 9 ~ m ~ ~ ~ n ~ ~ ~ a " 0 1 n i n  (phase inversion ternpel-ature PIT) 789 

iaiadidfia~u%unisei~w~mlu~sndinaaszr~idau~ns.a~m.ls%~fiu GnuraPlsGuaPlsfd~~fimaiur~~i~u 
D 4 -  a 4 -  

9asi9wiau8& Ariacel A 3.0% - 10.0% i a u ~ u ~ 9 w i a ~ s i u  Eurnulgin M8 ~i?ulauw9~ 
d 

4 %  W/V W " I E ~ I ~ ~ U I ~ ~ ~ W L ~ ; ~ B ~ I ~ Z ~ N " ~ ~ B ~  Arlacel A i%%~a~szM'i l . ;  4.6% - 8.0% ~n~lld~C4flf iUfk 
W d  u 

B m ~ Q ~ n ~ u ~ " w ~ n $ s ' s a r i  24'~ - ~ O C  arnxdawnaau ceotriiugation test b ~ B i s $ U i @ 9 6 2 ~  
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~m~u~smdinaaa:~w"id~u~n~.aQw%iGu~s~ii~nin~~m~u~fii~afim6~~5~~m6n~m: 

r f l u ~ ~ ~ d a " u . a ~ w i i ~ u % u i i  (oil in water, oiw) wdTmvq5 4 ' ~  n i r u @ ~ T m i u % + ~ n m ~ m  f l i?  

fl6ha"~nim (phase inversion technique) ~ s ~ z % % f i n ~ ~ d ~ ~ a i ~ ~ 9 ~ ~ ' a ~ ~ ~ l n l ~ u @ ~ & a E l ? ~ ~ ~  
" d -  

( f i ~ w s ,  2534) ~wmi~uKaiawiwun$u 2 new ~ ~ ~ w @ ~ u ~ a f l u ~ i s f i m a a s 9 ~ ~ ~ a n ~ m 1 ~ ~ e ] s 1 ~ a a n k  

241 hydrophilic-lipophilc balance number (HLB number) FilsKu "dmaa5'nLfl~Wl~%ufl~~ 
d d  , * a  d U  

poiyoxyethyene iumi HLB number $ ~ ~ 1 1 1 4 L ~ m % U f i ~ ~ . d ~ l . l ~ l ~ ~ % ~ ~ i  (olw) (uaRGsl, 2527) 
9,s dcl A d  I 

~in8z6miWwsLflu@ls mannide monooleate Mum1 HLB number ~ i ~ l % M L n ~ ~ N 8 ~ U " d ~ ~ ~ i % U  

61Cu (water. in oil; wio) (uafiqsi, 2527) ~muQ~mzuBu6s9~9na l~mvQ~n&11a"mnl~  

(phase inversion temperature, PIT) VT'a hydropi!Ic-ipophilic balance temperature ~ & q l f l w W ~ 1  

Yd - 
a a 6 a % u ~ ~ - * a L s n q z 1 & $ ~ f i k u ~ ~ m ~ i % u i i f i u d ~ m a i M ~ m ~ s a d w ~ i % v w u f i k u a ~ 6 u ~ a  

d - " 
q ~ v q ~ i a w w u n ~ u ~ u n & ~ ~ ~ m n i m ~ ~ n n ~ m $ i % u ~ ~ ~ u a ~ u ~ G m ~ i f i u % u ~ i ~ u n ~ ~ ~ m ~ ~ ~ n ~ u  

a ' m n i m v ~ ~ ~ m v G ~ ~ 4 ~ ~ u u ~ % u n ~ s a m u ~ ~ a ~ ~ ~ s u % i f i u ~ ~ ~ ~ a i i ~ G f i . a " u i m a ~ u ~ u ~ n ~ ~ u  
A d c l  - A  pld 

(uanqsi. 2527, ~ u w s ,  2534) maun"duw~mumaim~wAi qinn~sinwinnsuYul~~o:ma: 

(2543) w~ldi~mw~~nisn~ua'mnimq-,f imasadaaiuf iNim~Jos Montande 80' (mannde 

monooleate) 5 h h 8 1 ~  Eumulgin M8 f i u i m n 9 d  4% 41GnavmFu'inZiaKm~Tgm3~.a"8~~ 
:a r %,a - 4  

Arlacel A w ' L d ~ 8 1 7 " d f l L  Montanide 80 ~ b d i i i  HLB number p n d i  811%53u8n9f16nu 

Fsmdina~fizaw"?dn~~nsnGm6iCu ~siun1s~nw1%un!sda4ww1ma1u~u~'u<~~.-w~14~~ld~~~ 

n~ua'mnimn'~lmaiu~s~a'aaws~m~u~~fik~daiimq~nnis%.a"fiuimn~s Ariacel A $aamnd-is6u 

+aurk@ls  Eumulgin ~8~ f i ~ i m m d d  4% ~~ndszb.du~un14fl1mmz~un~mnn~~~fi6dku aaa: 
d m a ~ ~ n s ~ a ~ ~ w ~ ~ C f i k u ~ z ~ d i ~ r , i s u G m ~ m i u ~ s m d i n ~ a n - , a w " ~ a d n u ~ n ~ a G m ~ i ~ u  ~611m-,d9uada 

Q s u n ~ w n m ~ ~ ~ ~ u d u G m 1 6  

n i s ~ ~ ~ ~ ~ Y ~ ~ . r a  
Y 

1 .  a"mnimuid~zno~l iau ck~loroiorm Van Bekkui*~ medum a~fizaamu~~quiinactivated 

' ~ e p p i c ,  France LICI, USA 
3 
Henkel, Germany 
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concentrated FMD virus) wiu$mnisw?~j~$u (u%l ~ms~muif~o, i?mwodauqwwa) 11Lk 
w 

TwniwCia9u 36 Kaoejia "j~' 400 ue. 
- d -  ' d a  

2. ~nsliwii~udsznou6aer mineral oil4 l l ~ Z ~ ~ ~ l B ~ ~ . a ' ~ ~ ~ d ~ @ l ~ ~ w ~ l f 9 ~ 9 ~ ~  2 

!!Llfi6P& HLB number d l&  Aracel A (mannide monooleate) ~@u%~maiuak<u~?4r~i 

3.0% - 10.0% wlv iaufu~~wdd HLB number $9 ;a Eurnulgin M8 (oleyl cety aicoho w~th 

7-8 rnoiecuie ethylene oxide) ?%A~?B~~GU<UA~; 4.0% wiv 61uau 36 Kameiia -j o z  400 uo. 

iuw@u%dahrY'u C11d autociave $ 1 2 1 ' ~  UIU 90 u7G i ~ r 1 o z 6 s % ~ a ~ ~ a s $ ! m w ~ 5 $ a q  

3. nisu~uTw;u u ~ u ~ n n i w ~ ~ ~ a s ~ m u ~ ~ ~ r n s i ~ a u d r i i ~ u  dfu!sUes~i~~L~i~ud 

25°C ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ % ~ ~ ~ ~ i ~ ~ i ~ P d 8 d 1 9 . n " i ~  quesumwiauiu6au homogenizers ulu 4 

u i ~  rr~iq~m?u~finsd"ud 2 5 ' ~  d~ i rgu@o~~au  ~ a u i v d ~ i i u i ~ i q m ~ ~ ~ n ~ u ~ ~ i n i r n  daui 
d  da, 

~msiiiuGGmsagu ~ O C  iqv~~< iu~uqu~w~usuo4u~9mwQ~ 4 ' ~  i i u i w i ~ ~ m q m ~ ~ B i u  118" 

wm@auwiwaiu~~Ka~d"oqZCo.a'u 

niswnasu2Ga%u 

Dilution test 

1. ~ w ~ u d a u i e s ~ ~ w m @ ~ u e s i 9 m ~ ~ ~ n ~ u a ' w 6 1 ~ w ~ o ~ ~ f i a t u  

~ d ~ w ~ u ~ w i u ~ m e 9 ~ ~  2 5 ' ~  {luau 4 uo. %uwo~mw~aos~uim 12/13 uu. 

auawa8u~~ms~L~uu~1sowiSimuonsx~u~mes~; ooc - ioouc o q ~ u ~ o i u  iaGaisjuwfiam 
,d d 01 

wwaoqas%uE1ri~noswuuigsuesgafips"oqm~ iau7 GuGirr~sTu~nrnn~ "~m-d~mes~~.i?mq 
0 4 -  

ZiYai'tlioer-j nmoaynl I "C uieuoiu~wnaraunisnsx.uierKalu$i ~wuesermZG~'6EI.uinsz~u 
d m !  a , d -  I 

u 

~aiuqq1Gaiiu I %a rwuouaui%uGrirnmGnduvus oiouo.n'uiuKa'a~uesuw~ifiunaum~a~~ms 
d U  - v v 

i i ~ ~ u m u w ~ u ~ ~ m ~ i l u ~ 1 3 u  n " ~ ~ C o ~ u n s : ~ i u K a o : a i u l u $ i a ~ u ~ ~ ~ u u r r ~ m ~ ~ i a ~ u . n % m ~ ~ ~ G ~ ~  

1uC7 i a a a a m ~ ~ f i a ~ u ~ i r ? i m r i i ~ n ~ u ~ w n i w a a ~ ~  i i n ~ s ~ u ~ n ~ s i ~ w ~ ~ n i s n ~ u ~ w n i w d ~ ~  

2 ,  Tw~uAau~@o~wia41s l"~a~~G~.n 'u  

CiTw4uZCoiu$a~u15d9mes~2 4 ' ~  uiesumaes9o9aii ~ i~Co~u<uhaf lu  
w v u w ., 

wurnCifiunmuo~rr~w~~irflu.a9mii%ud1~u ~a~sl"?ns:.uierKao~nie1%uCiaflui51uuraarms61 
u v 

a3u.aCmCiGuTuGi 

Marcol 82", Exxon, USA 

5 
Ultra Turrax', IKA-Labortect~nik. Germany 
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Centrifugation test 

~~awwfiau~iwa1ums~avmsa"w$u~Ca~1a6mu~u~ 1,400 y ulu 30 ~1; 

2 f l l ? L L U f l . a " ~ ~ ~ ~ ~ 8 i L ~ ~ f l ~ 9 d ~ l ~ ~ a ?  5% (McKercher. 1986) 

q1nn1swmnasa'n~u6~wzl~nswzl?nraw=aw"~dsu~ns~~w6~Cu4~raa~aisMuw 36 6amd1s i 
a ' F I $ ~ < l u ~ u  8 & m i l s  & % $ ~ r l a c e l  A 3.0% - 4.4% wlv t 8 i ~ i i m ~ ~ a < u  ~ n ~ u < l ? a a u  18 698ei ld 

a 
qs%$ Arlacel A 4.6% - 8.0% q=%~~~fi"~u"dga$lf iu%u~~ f ~ u i ?  centrifugation test aa&awu(l 

yd - I U 

kLL~fl&4 ddaua'~~~~luaI4 1,O 6a"aals 114 ~ r ! a c e l  A 8.2% - 10.0% % M m u n $ u " d & l % ~ ~ l ~ ~  
4 ~s\dwssw.iua'rnqzlszfia6i aanz~maqZn~u 'E Imn~nw%uawnu~9m%i~u%u~iqzm~s=~4 ls  A .,- d 
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Table 1: Phase iriversiori temperature a n d  character ist ics of the e r n u s o n  us ing various 

concentrations of  Arlacel A (3.0% - 10.0% w/vJ arid Euniulgin M8 at 4% wiv in swlne 

foot and mouth disease emuls io~i  vaccine 

Vaccine Arlacel A Phase inversion 1 1 N o  1 X wN 1 temperature (OC) Centrifugation test I A. 
Dilution test 

I 1 I 3.0 ND No emulsion formed 
-. 

I Separation 1 
1 2  3.2 ND No emulsion formed Separation 

-- 

3 4 

3.6 - 

ND No emulsion formed Separat~on 

N D No emulsion formed Separation 
-- 

3.8 ND No emulsion formed Separation 
- 

6 4.0 ND No emulsion formed Separat~orl 

7 4.2 No emulsion forned Separation 
ND 1 

8 4.4 ND I No emulsion formed Stoaraton 

9 

ID No separation 

11 5.0 24 

5.2 

13 5.4 24 No separaton 

14 5.6 23 O M  

1 l 5  5.e I 23 0i'"'V No separation 
I 

1 16 1 6.0 1 23 1 O M  ( NO separation 1 
I I I 1 17 6.2 22 i O W  1 No separation 1 

I No separation I 
20  1 O M  No separation 

I 

- - +'+~ 18 No se~ara ton  i 
I 

i 22 I 7.2 I 14 I OM 1 ~o separation 1 
1 23 1 7.4 1 13 1 O M  

1 
1 No separation 1 

No separarion i 

O M  

2 6  1 80 1 5 1 O M  1 No separation 1 
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Table 1: (Cont~nued) 

Phase inversion Emulsion characteristics 
1 

temperature ("c) 1 Dilution test 

--- 

No separaton 

30 ND WIO No separation 

( 31 1 9.0 1 ND I W!O ( NO separation ( 
I 

'W!O No separation 

WIO 

1 33 1 9.6 1 ND 1 W!O 1 No separation 1 
1 35 1 9.8 I ND I WIO 1 No senaration I 
1 3 6  10.0 ND 1 WIO h o  separation 

I 

-- 

ND =Not done , 

O N  = Oil in water emulsion 

WlO -Water in oil ernuislon 

Figure 1: Relation between phase mversion temuerature and various concentrations of Aracel A 

(4.6% 8 0% wlv) i r  sivine foot and mouth disease emulsion vacc i~e producton 

0 1-7-4 

4 4 4.8 5.2 5.6 6.0 6.4 6 R 7.2 7.6 8.0 

Percentage of Aracel A (wlvl 
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Relation between phase inversion temperature and various concentrations of 

Arlacel A in swine foot and mouth disease emulsion vaccine production 

Sahawatchara ungvanijbani Aree ~ a t s ~ ~ w o n a w o n g '  

Abstract 

A study of the reiation between phase inversion temperature (PIT) and Arlacel A 

concentration in swine foot and mouth disease ernuision vaccine production was carried 

out. The concentrat ion of Arlacel A was var ied from 3.0% t o  10.0% wiv whereas 

Eun i~~ lg in  M8 was flexed 4% wiv. The results showed that the optimal range of Aracel A to 

obtain emulsion preparation was 4.6% - 8.0% wiv and its concentration had nverse 

relatonship on PIT (24'~ - ~ O C ,  respectively). These emulsion vaccines had good s iab l t y  

according ro centrifugation test. 

Key words : phase inversion temperature, Arlacel A, swine foot and mouth disease em~~lsion 

vaccine 
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