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(http://www.who.int/bloodproducts/catalogue/en/index.html).

o« MA sids| HHEAISl MICA(modified mouse intracerebral challenge assay)2t

It 2S5 3 EAM Algo Al=2g 1A WHO =H EZ=E(&2] HS
JNIH 3, 2= =t 34 |U)
o HHOIGY HHAlO| AT PT &AM RLEE 2|8t Alg ddo] FX35E 2ot uH

=

25l =29 1A WHO =&l ZZEZ(0, sIAEtel Z&F A&, CHO(Chinese
hamster ovary) M =Z Al&) (&2 HS INIH 5, ¥Z & 10,000 IU)

o gholsl Ed™ (A2l 1A WHO =H EZEF(E2l "z 06140, =
335 IU anti-PT IgG2t 65 IU IgA anti-PT, 130 IU IgG anti-FHAZ2} 65 IU IgA
anti-FHA, 65 IU IgG anti-69K<2} 42 U IgA anti-69K)

EMY ZFESHE IS 1RF WHO = &= Alek(az] ®#H3S

06/142, M= S 106 IU anti-PT IgG2F 18 IU IgA anti-PT, 122 U IgG

anti-FHA2t 86 IU IgA anti-FHA, 39 IU IgG anti-69K<2t 38 IU IgA anti-69K

s Bpertussista d&8E EMZ 28t B. pertussis fimbriae 28 =22 &
o 1A} WHO =A™ ZE=ZE(&2| S 06/124)
s Bpertussista @&HE EMZ 28t B. pertussis fimbriae 38 =22 &

ol 1X} WHO =H ZEZ=Z(az| HE 06/128)

o HHAlF| SHEH(OIFA)S] 1AF WHO =AM EZ:A|ek(&z] HS 97/642, Hio| &
& 17 units anti-PT, 143 units anti-FHA, 30 units anti-PRN. 32 units
anti-FIM 2 and 3)

WHO =H ®ZZFE , Ozl 7|Et Alek2 A= NIBSC(National Institute for

Biological Standards and Control, Medicines and Healthcare products Regulatory



Agency , Potters Bar, England, http://www.nibsc.ac.uk)7t 2tz| st
ol &2 &= 228 XY, =7 A & =2 A 2 &g olse =
ACH
42. ZIIEZEE
<2 = 19980 ADIEZRE ZJIE=ES zEx=2 ZEs T 20114 FEH
il IJIEEES S22 Aok A 3150 &HEHEH AL oUtE M=
2 S0 20 ot ZEFEEO st XM S AleE2 A EofUECIMAY =4 0|
Al (http://www.mfds.go.kr > M EXZ > E2ofH HME > QUhE > EFE > ME29
°tE)S Fr=xotH =t
il HHA DL ZHAPA = FFIIA Y, SAHBE) & & 1564 A 5852
EZEE0| =g xof JrCh
¥, WA MAAd FUETEE 55
AL Zof 2L 27 (EStF_L
(code) (Name of Reference) (Purpose) (Specification) Lol
Temp.)
HH O 5ff U Al _
02005 | (Bordetella  Pertussis (Pofjnz“gfsa V| 112 unitsival 70 T
Vaccine) y y
BH ol 5 BH A F=3AH 122.2 BWDU/mL
06/016 (Bordetella  Pertussis | (Specific toxicity 1.98 LPU/mL 4 C
Vaccine) test) 3.20 HSU/mL
ailalf S 2HHF 2HRlAlE Bordetella
07/019 | (Bordetella Pertussis FHA (Identification Pertussis -20 C
Aantiserum) test) FHA Aantiserum
ailalf S 2HEHF 2HRIAlE Bordetella
07/020 | (Bordetella Pertussis PT (Identification Pertussis PT -20 C
Antiserum) test) Antiserum
BHolall Shel 55K sto| A| 5 Anti-PT,
- i o B Anti—FHA, o
07/021 (Bordetella Pertussi (Identification Anti—-PRN 20 C
Antiserum) test) Anti-FIM’
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s lslf = ahed il vaccine
50% waE EDsy | 50% Effective dose

The European Directorate for the Quality of
TEHAUEZE AU EDQM

Medicines & HealthCare
SAHASHH ELISA | Enzyme linked immunosorbent assay
M72Z &ot=FElH FHA | Filamentous haemagglutinin
HEeezlof FIM | Fimbriae
ALAIH B2 7| & GCP | Good Clinical Practice
JlstdrsE GMC | Geometric Mean Concentration
olckE M= EXaZ| 7|&=| GMP | Good Manufacturing Practice
7| shd o chel GMU | Geometric mean ELISA units
SIAERR RIZIM Al HIST | Mouse Histamine Sensitisation Test
IMs-dM3aZotEdefE | HPLC | High—-performance liquid chromatography
SE MIX AlEH INCA | Intranasal challenge assay
=25t EL(2 A PV Inactivated polio vaccine
ST HY M=z S5l = LAL | Limulus amoebocyte lysate
Hhae X ALZE LD50 | Dose lethal for 50% of the animals
2lxzEe|0EHF LOS | Lipooligosaccharide
Oof A X[AF Z[HE Al MICA | Modified mouse intracerebral challenge assay
Of A E LS MICA | Modified mouse intracerebral challenge assay
oA HAAM AlE MIT | Mouse immunogenicity test

National Institute for Biological Standards and
SREFTLUEATS NIBSC

Control
e EFE PRN | Pertactin
giels =2 PT | Pertussis toxin
giols] =40(= PTxd | Pertussis toxoid
FHEX RCD | Reverse cumulative  distribution
TOHASMULIEF Z2|ot=2 | SDS-P | Sodium dodecyl  sulfate-polyacrylamide  gel
2otofo|=d M7|F=sH AGE | electrophoresis
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(real-time stability studies)
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A Moi7b =lojof etct S, otfAo| SIAERIZEAIFHIST)2 FA

of sHAlel  HHSi=A XFZZS ZHAtsts wet gHolch offA SlAERD
OZFN A" 2 0lRA & 2(Temperature based HIST)S & st= Algd#H o Apgt

TUM S E™ot= Al @™ (Lethal end point based HIST)0| _<20{, 0| FI}X|

7o AlgH2 oiea &, gy Fgo| wet o Zoe| wHo|rh ofeI=ct

o, o =,
(reference : Improved protocols for histamine sensitization testing of acellular

pertussis vaccines, Hokyung Oh et al. Vaccine 30(2012) 7246-7252).
z| 2 S|AERIOIZEM Aol Oist S=EHMAIEH SO0 e IMssHTF

taks| A Eol pAeni, HEN SUHAAIEH2Z= Enzyme-coupled

)

[o][

7t

Ml

HPLC, Fetuin binding assay(Carbohydrate binding assay), cell-based assayZ}
Ct. 201242 E wEold=Z=ZALA3(EDQM) =22 FHE oA S| AED

DZddAIEo et S=HAAYEY IMSssAT X IHAIES Mt O

=20 I M=APE H=Ho=z FofstLl len, = g5 =542 s|AEnal
adAldZ thAlshz] flsh &7 MetEl thMAldHe =z252 2 O ZAE 4

ESt, Ao Mot oA & ME Jisd "IIst= Aol

E.2.1 Enzyme-coupled HPLC
E.2.1.1. =5

of Algleto| =X2 fluorescent substrate(d&7|&)et HPLCE 0| &35tH04

0z
njo
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I
ol

Acellular Pertussis based Vaccines W2l ADP-Ribosyltransferase 2

7| fIgtolct,

E.2.1.2. Hel2h &g

HH ol
-/ =

i =42+ ADP-ribose moietyS NAD+ZFE guanine-nucleotide —binding

[e][}

proteins (G-proteins)2| a-subunits 2 XME=Z2 MEA|F|= AS FHof stk ol

I



DP-ribosylation2 &A™ Q1 receptorZ FE modified G-protein0| Z &h=| x| 2
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£ st effectore] =&& A

0lo

= XN3&l stck Gi3—protein a—subunite

Hn

carboxyl-terminal 20 amino acid sequenceZt At=gTF A HEO|E=(Gai3C20

peptide)= B Lall =2 ribosylationdl Al £2 7[& 2 2eix JCt o{7[ollM CIF
1 U&= enzymatic-HPLC coupled assay= <lolAl Modst f2[E 7|22 st

N2 Gai3C20 peptideZt Z =0 A= fluorescein, for the PTx enzymatic
transfer of ADP ribose from NAD to the cysteine moiety of the substrate2| 7|Z&
ZM AtEst= F-VFDAVTDVIIKNNLKECGLY-COOH (HCAM-2)2 At&stct g
1 ribosylated product= reverse-phase HPLC methodologydl 2lalf &2l =11 %
25t ElCh (Biologicals 2001, 29, 81-95) Al Al Ao w2lA, modified HPLC
assay system2 Cts2t Z0| +=H=ACt 1) column heaterg& ER2=Z SHX| 2=
Ct 2) test sampleZA1 pertussis toxing F7/2 HR=Z stX| 2+=cCt. (Vaccine

2002, 21, 44-52). o| otef A 0iH RUq+= assay & A= modified assay systemO|Ct.

E.2.2 Fetuin biding assay
E2.21. =55

O Al&EtH 2 gcellular pertussis(F Al =Z g4 23l) combination vaccine Lol A&

pertussis toxin(PT)ES =&¢elst”Z| f/ et enzyme linked immunosorbent assay (ELISA)

fjo

Adystl Aok

E.222 Hel 2 2AH

CtS ELISA method= PTE ZXIsH7| &l ligandZAM fetuing AFSStcl, PT7H

F

X o] o
1 - o

oo
fjo

glycoproteinoll Zetst= A2 T o|zlch  fetuin® 2 SHA
sialylated multiantennary N-glycan structure A3S 7HX|11 d<20i o|= PTol| of<
=2 affinitye ZF&ICt 2|3 ch2 vaccine components?t WXtHtS & HO[X| 2

=Ct.  (Analytical Biochemistry 356 (2006) 244 - 253) sheep anti-PT polyclonal
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antibodyZt PTE 2telstr| sl At =0 ft20{ donkey-anti-sheep-HRP (Horse
raddish peroxidase) conjugate antibody= secondary antibodyZ O| =0 fCl A}

Z%|= substrate= horse raddish peroxidaseZ} substrate componentE i &tA| 7|

hn

2 A reaction= Z o] St = st= odste stch
[Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)] to a coloured compound.

M M-S 405 nm TEOIAM STETE SHslod HeF ook PTxel HE =

P

m
=

== standard curveoll 2|aiA A= 0{ ng/ml = Lt Ct.
E.2.3 Modified CHO Cell-based Assay
E.2.3.1. M E

National Regulatory Authorities(= & & 7| 2ol A= X M =ZI™H oA ZHF ot
0 UALE st oz ARl pertussis toxoidel BES=Z  2l5t0]  acellular
pertussis(aP) vaccinesoll =X st= pertussis toxin(PTx) activity 2 testst= A2
QTSI UL

batchE& Z53tst?| @8 vaccinedlAl PTxE #XAlst= A2 A mouse
Histamine Sensitisation Test (HIST)(S|AEFRI QIZEM AIE)E Sall o|Fo{X|2 U
onof, {7[M S22 PTx el histaminedl RIZsH7|= stX|gt X[EHO|X|= 2
Ct. o] teste=e &S| Wl o 2 $o ZE=2 ALEstH, lethal
end-point(AtZ S Lol 2lsf =HsH Mol EAerch = Zofl HIST= =zt

SHo2 =2 MESt= AlE & tiA6lof st=

0
rx
M
do
Hu
rx

2
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Ll
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n

the light of Directive 2010/63/EC)

HIST A S 7| ¢lsl IHHo=2 B2 30| o|Fo{X|1 UL},

The European Pharmacopoeia (Ph. Eur.) monographs Pertussis vaccine
(acellular, component, adsorbed) (1356) and Pertussis vaccine (acellular,
co—purified, adsorbed) (1595)= validation® Chinese Hamster Ovary (CHO) cell

assays A& = AT E FCh 0| assay= non-adjuvanted bulksoll Al ZHF PTx
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: Parallel line assay.

F.4 Bioassay Assist

M =M &| Al (Biological Products) &2 &2l £ |t statistic analysis software

F4.1 248 98 Hat W

F4.1.1. Main menu

CtS software= Clts Z|ls=2 7+AME0{ULCH

F4.1.1.1 Analysis

e Parallel line assay method

MEstMAM A el Mol EAA2] AlgdgE st=0 [qAHAAM  continuous

variables((d<£ 8 ) HO|EHHE EAMSt= EF 2 ALEE=C

e Probit method

Parallel line assay method®2} FAISH &t oz AlEo| w2 50% X|AtZFof

Z2 ddbX ol discrete variables(O| At )& M5t Ist EFE AL
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Bioassay Assist
Main Menu
el [ WBioanaay AsaistWanalyam mdb Sabect
“ANAYEIG™ [ =Syslam Maintenance= l
| Paralled Liria Moddal I | Export Sobociod [aka ||
| |
Maslar Tabla
Probit Modol I il e I|
Fraguancy Distnbiulion Dharbion of Tabla I |
Crsplay Froparty |
uantial Sample [
O ata Dispiay | | Daasackop ||
Ext I
| -
]
| : 2
L
i | -
=
Boua & .
I *
I )
Lo
Lk SR e Ve Bawanny Sanrid @3 PR

F4.1.1.2 €0 28 8517 9

o

7|
e Frequency distribution display

CtS2 systemoll X Z&=[0 U= A ZogtS AbEsr dEFM QL toxicity EE

>
o
If
rir
N
or
o
o

= potency test Z 22| frequency distribution =44 C}.

e Sequential sample data display

CtS2 systemdl XZE=O U= AL Zogt2 AFE S productll potency or

Ct.

o

toxicity value2| graphical trend& <otE= 7lsS

e Export selected data

MEE BAM At standard calibration EE= reference Z=H|, variance(

AhH 2t regression coefficient(2] # Al <)l population valueg Tst= Zd b &

N
or
Mo

FIM e 2 dAlst=H 7335tk

F4.1.1.3 system maintenance® & 7|s
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e Master table maintenance
CtS systeme AL A7} AFAIS| assayl| variancelb regression coefficient CH

< 5f

Aloll olg] &% =/ 0{Zl population variance2} regression coefficients Al=2&

== RUA st default settingoll M manufacturert productel O|&2 A2 X9
olof w2iM HAE = Act Est HE EFL J|s2 g S8 ¢

s 0{7|M A= =0 ZICt,

e |D information registration

&t di7Hel table subject itemsE 2

ﬂl|ﬂJ

A2 Xb= sample &eln 24 Ao}
= T Ych olg] MAH™E0f RJqe= table subject item= manufacturer, batch

number, product namez} sample ID numberO|C}. systemS AtESt=Ol U0

2 AFSAE

or

M oolglet WELb A2 ALSAto]| wEtM ofE 5 Uch o] 7

rok

=0| Hefof matA table subject iteme MAEE = UATLF oot
CtE MYEMs oA dget 7|sE2 218 statistic technigueg A H st

=M AUS ASS FIHEQ AL g E dEsHL Aok

CtS 371X WH2 A MES /s HoleHE e f AIE J7tsshot.
1) Manual data input
+ ChS MM, "Number of samples”?t "Repeats of measurement’& A XN

10 "Add" EE= "Delete” HE S ALES510 celle| 7H+E AMESSZM table

ol

formate =X 3st0f HO|HE e = ULt
« CI2 data sheet25E = AL, £0[7]

oM AFst tHZ number of samples, repeats of measurement 12|11

number of cellsE Ho|&to 2 M datasS =ALE = U+ data sheet formatsS
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X350 table formatS FAStCt 2l Excelzt Lotus123Tt &2 data

sheet2 £ & ZE2tHL ZALSH dataE "CTL+V'E =21 sl tabled &0

ol
rir

Ct.

2) Import from an Excel work sheet

AIEAE dataE e 2 UWEUWZ| oMol file2 X ZstZ| 2|5l "Bioassay
Assist” formatoll 2l 124 =0 &l Excel data sheetE THE0{0o} StCh datas 2
sample™ first dosell left columnel rowE 7ZFxXofF Stk O] samplell default
definition2 "Sample ID number"Z O|AXW &2 Mot st=0 11 O|F= O] HE

7} test sample2 TF&5tL data format=S &elst=0| HIEA| HRst7| mf F0[Ct.

3) Selecting from existing data files
oM gt 1)Es 2)ef HHoE S "Test name”, "Date” 2|11
"File name"0l A= file2 XMZ=E data= Ol Fol data file list2FE ME{SHO]

(=] (=)

[e]]}

Al 5+ UCL

"Bioassay Assist’= CtFet test datadl XM =7| =0l "Test name”"2 CIE
test data2t TFHEsSIZ| SHAl EBFEA] FEICH "Test name”’£ population
variance2}t population regression coefficientet 0| ol2] & = 0{Z population
valueg At & & JUESF St HF0| "Test name’'= Ztatel frequency
distributon2 =X 2 LIERHAH LI serial batchel Zzigrel ZAesS LotE7| ¢35l

datag MEiSt=0 UM S3SIC,
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m”ﬂﬂﬂﬂﬂl

variance2|l homogeneityol| significant deviationo| &L= 7t& 2 olF= Cls

T K2 o Eg = Ach

(1) MHstx| &2 grouping2 2 I8t HekEl 2}
ZH™ =l values?t random sampleo| ot< JlsMol <Uct w2tAM  population

valuese| HeFEX| 2 Aitixrg €S 7 80 d=2ZIF St ol & sHZE S

sl grouping BXE F™ot= As HEech =24, error variancedlM 2 E

ok

possible variation factors& =

= ot =2 = Uct ct2nt 22 AMEolME= error varianceZt variation
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=

population valueg &dst= A2 FHECt 0| system2 oOl2] 5= population

variance2t slopel| FHUS AIEAIIL ALBsHH &2 2ZM confidence limit(&l 2| &

(2) response2t variance2| = Alo|e] AbzbEbAIR} Z2 particular relationships

o =&M<= response2| distribution patternoll wEIM SH™ = valueg

transformation B AtE T=HEZMH 2 = UC|

* Analysis of variance
variance2| distributionZt homogeneity nomalityZ7t &&=/ UctD JHEH SO 2 MH

AL

CtS analysisE #+AMdg = UrCH

Xpit Z2 referenceE =EZ&st= p th sample?l i th dosell npit &2 dose
Xpioll M 2] number of repeats of measurement, 12|11 Ypij2A] j th measurement
o| valueE 7+ stct,

squares?} slopeo| &2 clszt Zo| A At=EIC

Analysis of variance table

Factor Sumof3g. Df Mean 3.5. F
Bet. Prep. Sy g1 polg —1) (St lg- L eSugN - 2 Zk))
Regression Sy 1 Syl (Sreg/ L)/ (=Syu/(N- & ZK))
Parallalism  San  g-—1 Speralg —1) [ S (-1 IAESYYIN- E LK)

Linearty __ Sw EZk—2q_ Si/{EZk=2q) (Sl £ Lk-2OMNeSpyN-EEH)
Betw . DosespSyy T Lk—1  oSywf 2 Zk—1) (oS & Sk-10eSidN- £ Zk))

Error eSyy N—L Ik SN — 5 Tk)

Total TSy N—1
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Ct2 A &

i)
\J
rlo

2M5H7] 9 &t objective sampleZt H|™AE QI datas A
Hot= Azt Z0| objective datas B Adst0d updated = UCH ek &= JiECh
M2 dataE 7HXl= doseZt EZ =0 RUCHH, test linearitys €= = UL, sum
of square(M &&=zt degrees of freedom(XF7+ =) error variance2l degrees of

freedom for error2 CIEO{ZlC},

H

MAM Ol big variance EE= small degrees of freedomoll 2|si dataZ7b X &5t

A

62
rlo

A% 0| systeme confidence interval(&l 2 #+7H& ALt 5= gicth ol
ot 4<%, test protocol2 HMETE =0[7] floiA O H2 Helel dose Ec

repeats of measurementE S7tAI74 T=dsloF StCt

relative  potency2t OlZe| AlE[FZF2  dosell tranformationdl  ChEbA]

reverse-transformed value of M2 Z L}IEL-CE doseZt logarithme 2 HHEE ol

12

10M,10ML,1I0MU= relative potency2t &l2[F2F =2 = StA 2 LtEfCCE 2

o

reference EE+&= standard preparation®| unit valueZb UZ FOXH UE &H
relative potency2t 12| confidence limito] LFEF=tCE dosell transformationO| 81
= 4%, reference preparation2l unit valueE &gt M, ML, MUZ} relative potency

2} confidence Iimit@ 2 L}EFCHCE

* Printing out results of the analysis

"Print” H{£2 0|335t0{ ME{SH samplel| Z24+tS dose responsel| e =2}
s &g 5+ Act EHE sheetdl= 2AMolM ML= dataZ7t *Z2 FA|EICEH
=Mool Al transformation0] Y O{LFX| 22 original datas AFE X7} data =S

solstE & S17| f/sll data sheetol] &&=

* Saving results of the analysis
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?lel AAtolM Ao{ZE CISH statistic index= main menudl U= "Export
Selected Data” 7|s2 &dll fleg |FE2EMN 0|2 EAMUM ALY = UL

M Z0E MESH| @Il raw data= "Data Input’oll M "Test name”2} "File

Bl

name”’S X|™5t0d XM ZAtslfof stCt Ol = raw datall A Z1jgre| AdXE=E &t

ol

o

St7| el eolct.

I]

Manufacturer, Lot number 12| Sample ID number2t Z2 table subject item
2 AFEXte Helo w2iM A = JgCt
Paralle Line Assay Method2} H|=3stH datag @& st= 37+A o] ct=af

7|-O| |:|_

1) Manual input

« data® FTS2=2 57| 25 "Sample number’E X ™ SD cellS MELS]
I "Add" EE= "Delete” HES 0[&35t01 dose numberE HASZAMN table
format2 A& SHCf

+ CI2 data sheet2FE =AL oA olZst ghH Dl H|X=351A subject data
sheetE = st Excel?t Lotus1232t &2 data sheetE =AF E£E= Z2f 7] st

01 tableoll "CTL+V"'E =8 201 & =cCl

0l

2)lmporting from an Excel work sheet

AIEA=E dataE e 2 UWEUWZ| oMol file2 X Zstr| /sl "Bioassay
Assist” formatoll tt2l 124 =/ 0{ Xl Excel data sheetE THEO0{of $tCh data= 2
sample™ first dose2l left columnel rowE 7ZFxXof Stk O] samplell default
definition2 "Sample ID number"Z O|AXW &2 ™Mot st=0 1 O|F= O] HE

7} test sample= TF&5tL data format=S &elst=0| HIEA| HRest7| o Z0|Ct.
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3)Selecting from existing data files
2ol Aget 1)Es 2o ez A= "Test name”, "Date” 2|12
"File name”0| MAME file2 X™MZEE data= Ol ol data file list25FE MEY{SH0]

M

=42 flafl ALEE = ULk

[e][}
0

"Bioassay Assist’= CFFet test datadll ME =7 miFol|l "Test name’'2 CHE
test data2t TFHEsSIZ| SHAl EBFEA] FEICH "Test name”’£ population
variance2}t population regression coefficient2t Z0| o|2] &%= 0{Z population

=L A A
st = F

0f0

T = stch 20| "Test name”"2 ZHgrel frequency

39

valueE Al
distributons T E = LIEFHH L} serial batchel Zzpziel AE#S otZE 7| <5l
dataE ME{st=C JUOIAM FLstct

data g2 otz OBt Zo| Oo|FOoflCH

_ Data Input{Probit Moded)

R i P— [—— P — -

re u =] ,iu
o | E[Fr
f— st | oo | i -
LR T ] Pim - s i A ER——
G T
Voo bom Eaced 5ol | Dpematitle | Prewcosdets | Seemwaata | L | |

"Test name”"2} "File name”"S X|A 35t "Save the data” HES 0|&5+0{ data
£ Mgt a2|12 "Analysis” HHES £ 2 analysisE ot7| I oteff 2zl zf

#0| =tHo| ol sgetet.

037|M, AFE XK= relative potency Hl&tzh dose X2l transformation ZHE S <&

reference sample(X| ™ = X| 22 A data table?] & =™ sample)= A AsloF sF

Ch Al A= 7hsstctd S columnoll reference preparation2l unit values &=

sfloF stCh 2EeF valueZt FHXIX| 2=CtH H A2 unit value 1.02 2 A AH=ICE
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071 € 0l &35t0d 125 pl otch & FEAlGH-ECh #al2 ust Fofstct ¥|5h ™
odol Mz =ActH, o[ FIF 2F5HH FEH LE AS =felg 5 Uch 2%

2

plote (X} miof

ol
2l

3. The Challenge

2AF HA AMAl = 2F Fof 2E &S Challenge AlZICH

ok
rn

e Challenge suspension & =H| :

=248 B. pertussis 18323 2| tte|2|o} & EFH 2 Bordet-Gengou medium (CH 2l

o

(=] Ol:é

charcoal agar plates containing blood AlE 7ts.) olM 18-24 AlZF SQF HY 25t

Hlstch, 2 2HE FZE5109 AIMSH Stainer-Scholte medium =E== 1%

—

04

M

casamino acids solution ol CHA| R FE 7t ErE|2|of SEHS| EFHE&=
OoD650NM=1(108CFU/mLE =Z¢gtsl= ¢EHS AT 2t FZ2 3
3x109CFU/mLet At235t= 4t (0] 4t AlgAlo uizl CclE = US) 2 =™ st

Ct. o] dEfMel 50 pl & Z ofRAE HdHGAF|= o AtSTHot

HEF do| 2F F& & SILIE 10-4,10-510-681 2 A% s|M 5 st1, ofx| 2
T 3lAMelol 100 ul 2 oA SAAl ALESt= ZE|2|of s EM el CRU/mL &

e H|ZLH Challenge :

Alg AR Aoz A= oA E= challenge & 7HX| MZ=3sfoF shod, 22t
of o} A= challenge off 2FA Azt MEfE FX|sto{of Sict,

2 E O0tfA+= challenge &Mool OFF|AIZICH 50 pl AHS3F T2l ALESH0{ 2|

Z djZof| FoistHL E= 25 ul 8 LFH v|Zol Lt

— o

n
o
el
i
12
lo
o)
(@)
=1
o
o

w Foistct (LdF AFAMoO|A = challenge Mol HoO|E EtZES ALE35H0{ 0FF
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4, MEZ2 % CFU count

2t 2 oA M challenge = 2A1Z2F 5¢, 82 Mo otF T F=ETE 574e
H= 1 £= 2 mL saline £= 1% casamino acids 7+ &7l F 2o Ed=ct 4§ =
2 2tz #2lststoy MAESHA 3AM T Bordet-Gengou plate Z=+ charcoal agar

plate ofl df 2F5tCt Z8|0|E= 4-5€7F 36-37 T oA dff 2ketCh,

2t S=0tct (ImL 2f) #&=tEl ®E 10-1,10-2,10-3,10-48f 3s|AM st ==
=

E oict Z0lE &9 224 =& Mol gtol

ol

of 4% FIIHS=Z 10-6Hf{7tX|e] 3 Mo EHR

Mean of CFU/lungs :

m = > CFU on the 3 plates x dilution factor

2. volumes used
«H| 2 : dilution factor @ HI7F 1mL 2 #&3t HAS EdF 10, 2mL 2 7 &3 &
A2 2 20
of Al :
=2 1 of2lel #HI7t 1mL 2 FEStEof 107107107 3| AsH Z < -
10781514 : 500 224 &el
10788l @ 47 224 &fo

10481314 : 6 22U atol

M = 500 + 47 + 6 x 10 = 553 x10°CFU/mL
0.01+ 0.001 + 0.0001
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e Challenge 2A1ZF & A thx=2| CFU/lung 2l log® T2t 54 0|5+0{0ok

r

e Challenge 5 & M h=2| CFU/lung 2l logioE 4+t 3.75 0]|5+0{ 0k

e Challenge 5& = ZZ=E+1 4 =+ Atolof| =29k 3.1 log CFU M=
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Appendix 6 Enzyme-coupled HPLC &

0

1.Materials and Equipments

1.1 Reference standards and vaccine samples

e PT reference standard stock 90/518 (NIBSC), 250 ng/vial in freeze—dried

form (provided in this study and should be stored < —20°C upon receipt).

- 100 -



Lt
E’

vial& 250 ul ovalbumin solution (OVS, 2 mg/ml

rir
rol

AssayE 2l 5t
waten 2 2 reconstitutionstod 1000 ng/mlel PT solutonS 2HECE 100 plel
working solution® OVSZ serial dilutionato{ 500, 250 and 125 ng/ml& B2HEC}.
J2|d 2-8°COHlA assay= & str| M7EX| Eastct OVS+= 0 ng/ml sample
blank2 AFSECh =2 PT solutone® HYH=A| e{2{0F StCf

e vaccine testol M AlS == PT enzyme activity= PT standard curveoll CH 3

single point assay2 A=t I2|1 test vaccine preparaton® =& OVS
£ 0|&35104 o|g| 108 34 st (e.g. 10 ul neat vaccine solutionS 90 pl
OVSoll g=c}) if test enzyme activity?} standard curve B <eloll UX| LCtH

dilution 8= & di&E = JUrCh
1.2 Reagents, Materials and Equipments

CtE2 "WA[ALEO| gictH, A=<= 2 & reagents= analytical gradeolXl, &

stocksZ} solutions&<2 atmosphere of nitrogen at —20°CollA{ & 2tz oo} THC},

e EL GA distilled and deionised water or equivalent

e Acetonitrile (Far UV HPLC grade), e.g., VWR-BDH 152516Q or equivalent
e Chloroform, e.g., Sigma-Aldrich 288306 or equivalent

e Methanol, e.g., VWR-BDH 101586B or equivalent

e |sopropyl Alcohol, e.g., VWR-BDH 102245K or equivalent

e Nitrogen (Oxygen free) gas, e.g., BOC or equivalent

e Tris Base, e.g. Sigma-Aldrich T1503 or equivalent

e (Conc. Hydrochloric Acid, e.g. Sigma-Aldrich 3203310or equivalent

e Ammonium Hydroxide, 5 N, e.g. Sigma-Aldrich 318612 or equivalent

e (Glacial acetic acid, e.g. Sigma-Aldrich 695092 or equivalent

e DL-Dithiothreitol (DTT), e.g., Sigma-Aldrich D5545 or equivalent
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e |-a -Lysophosphatidylcholine (LPC) from egg vyolk, Type |, e.g.,
Sigma-Aldrich L4129 or equivalent

e 4-(2-Aminoethyl) benzenesulfonyl fluoride (AEBSF), e.g., Sigma-Aldrich A8456

or equivalent
e Ammonium hydroxide solution (NH4OH),5N,Fluka318612,0requivalent
e Dimethyl sulfoxide (DMSO), e.g. Sigma-Aldrich D8779 or equivalent

e Adenosine 5-triphosphate disodium salt hydrate (ATP), e.g., Sigma-Aldrich
A3377 or equivalent

e [(-Nicotinamide adenine dinucleotide hydrate (B-NAD), e.g., Sigma-Aldrich

N1511 or equivalent

e QOvalbumin, Grade V: e.g. Sigma-Aldrich A5503 or equivalent

Fluorescein Caproic Acid tagged Ga

iI3C20(HCAM-2)Peptidesubstrate; AnaSpecinc,SanJoseCA95131.Storeat-20 C.

4-ml| Glass vials with Teflon seal

Microvials

Sonic water bath

Vortex mixer

1.3 HPLC Equipment

e Gilson (Anachem, UK) titanium binary pump system with fluorescence

detector or qualified equivalent
e Gilson Unipoint operation software, Version 5.0 or qualified equivalent

e Shodex Asahipak (ODP50-4E) polymeric column (5 p, 46 x 250 mm:;
Phenomenex, UK). Please read 3.4.5 if participant uses an alternative

column.
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2. P

2=

ofof

Guard cartridge (C18; pH stability 1.5-12), Phenomenex, AJO-4287 or

equivalent

reparation of Reagents

e
n

stocks2} working solutions2 atmosphere of nitrogen at —20 °CollAl &

st}

—

2.1 Preparation of 2 mg/ml Ovalbumin solution (OVS)

2.2

cold storged|Al ovalbuming 7HLH O room temperaturedl Al 3022+ oHM S}

AlZIct,

30-ml universaloll 40 mgeS Z=2F5t0{ 20 ml ELGA wateroll =¢QIcCt, =0]|7|

Ct.

ol
rir

i =

2]
T X

solutiong A&%9otct(e.g. 4-ml each, in 5-ml polypropylene screw capped

vials and store at —20°C)

Preparation of 1.0 M Tris/HCI Buffer, pH 7.6 stock

ok 35 mle| ELGA water7t E{%= 100 ml beakeroll Tris BaseS 6.05 g &
1 =0|7] {5 M=ok
TAMAZEIA conc. Hydrochloric AcidE pH 7.6 =+ 0.0501 ==& mi7ztx] =of

E2|o] H=ch

50 ml volumetric flaskdll solutions %71 © 11 ELGA waterZ 3| A stcl,

solutiong A& ¢tct.(e.g.4-ml each, in 5-ml polypropylene screw capped vials

and store at —20°C)
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2.3 Preparation of 2.5 M Ammonium acetate buffer, pH 8.5 stock

e 250 ml beakerol 100 mI 5 N NH4OHE E 11 pH 8.6 + 0.050 T=&et wfnt

X =MAHA glacial acetic acidE < =cCl.
e 200 ml volumetic flaskdll solutionS =74 &1 ELGA waterZ 3|4 st}

e 2 7 6 °CHAM Eastct (Expiry Date: TBD; usually 1 year from date of

preparation)

2.4 Preparation of 200 mM DTT Activation Buffer

e 10 ml 0.5 M Tris/HCI Buffer pH 7.6 (diluted from 1 M stock with ELGA
water; v/v, 1/1)oll 0.31 g of DL-DithiothreitolS =0|11 44 =rC}.

e DTT Activation Buffer& 100 pl® 2&35t1 screw—capped vialsol = ZICF.

e Blow a gentle stream of nitrogen gas over solution and cap the vial tightly.
Store aliquots at -20C. Expiry Date: TBD; usually 1 year from date of

preparation.

2.5 Preparation of 10 mg/ml LPC Stock Solution

e 5ml glass screw-capped vial with Teflon seal o 40 mg of L-a

el

-LysophosphatidylcholineS & &gt}

e 36 ml of ChloroformZF 400 ul of Methanols Y <=cCl. =0[7] 2|3l
water-batholl M sonicationAl 7| 74 L} vortexstCt.
e solutions -20 °CollM XN ZFstcl (Expiry Date: TBD; usually 1 year from

date of preparation)
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2.6 Preparation of 50 mM AEBSF Stock Solution

e 4ml glass screw-capped vial with Teflon sealoll 48 mg of 4-(2-Aminoethyl)

_

benzenesulfonyl fluorideE &l ZFsiC

[o][

e 40 ml of Isopropyl Alcohol2 EX 2t™s| =2 W7HXl vortexing £+
sonicationgtct,
e solutions -20 °CollM X Z&Fstcl (Expiry Date: TBD; usually 1 year from

date of preparation)

2.7 Preparation of 2 ml LPC (1.5 mg/ml)/AEBSB (20 mM) working reagent
(in isopropy! alcohol/0.2 M Tris/HCI, pH 7.6 (v/v, 2/3)

e 4-ml| glass vialoll stock LPC (sonicate and if necessary, warm at ~40°C to
re-dissolve LPC) 300 ul& Y room tempertured Al blow dried with a

stream of N2.
o ZAXEl LPCol|l Stock AEBSF 0.8 mlE < =Cl 122} vortexing, sonicationetCt.

e 0.2 M Tris/HCI, pH 7.6 (diluted from 1 M stock with water; v/v, 1/5) 1.2 mIE

olf
rir

cCt 122t LPC/AEBSF solutionS vortexing, sonicationghct.
e 100 pl ¥ &F35+0 -20°CollM XM &St (Expiry Date: TBD; usually 1 year

from date of preparation)

2.8 Preparation of 18 mM ATP Solution

e Adenosine 5-triphosphate Disodium monohydrate 51 mg= & &Fst? 5 ml

0.1 M Tris—HCI Buffer pH 7.6 (diluted from 1 M stock with water; v/v, 1/10)
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fjo

d=ct a2l :Hd S|

I

= M 7HX] vortextingstrt.

x containing bottle2] &AtzF= X =3 etCh (e.g. water of ctystallisation0l S

T UL Hestoks solution

fjo
O

It of FAHE =H™ et}
e 200 pl¥ A&Fskod 20 °ColM X &etct (Expiry Date: TBD; usually 1 year

from date of preparation)

2.9 Preparation of 3 mM BNAD Solution

e B-Nicotinamide Adenine Dinucleotide (anhydrous) 9.9 mg= 2z &Fst? 50 ml

o o

of 0.1 M Tris/HCI Buffer pH 7.6 (diluted from 1 M stock with water; V/v,

11002 E+=ct gl &8s 52 W7kX| vortexingetet.

= containing bottle2] &At2F=S X =3 etCh (e.g. water of ctystallisation0|l CFHE

= A1 L3t solutione BHE o FHE =Fsto})

o 200 pl¥ 2Es5t0d -20 °CollM AN &St (Expiry Date: TBD; usually 1 year

from date of preparation)
x* 32| Reagents (1.2.8) and (1.29)= ZtZt 100u =gt=l{ 500 ul micro

= T— —

vialdlM SZ A= =lojof stch o] SHAZE reagent= -20°CollAl of £

o™ sict 1.2.10.01M AF235E7| Ol ®Mol 200 ul ELGA water2 =0{ AL 3tch,

o =

2.10 Preparation of ADP ribosylation reagent

2t

Zt2 volume2| 18 mM ATP (1.2.8), 3 mM NAD (1.2.9) and LPC/AEBSF (1.2.7)2

rlok

25t AFEStZ| oMol ef 122t sonicationgttt. AFESHZ| Mol ZHECL

2.11 Preparation of Quenching Buffer
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e 30-ml universaldl 9.5 ml water, 5 N NH4OHO.5mIE ZE X2 10 ml DMSOE ¢

=Ch.

e solutions 2 - 6 °Col X Z&tstch, of  <ot™ sF AtefolCt,

2.1

2 Preparation of HCAM-2 enzyme substrate solution

e PT ADP-ribosylation enzyme substrate= HCAM-2+(400uM=10uM)or1.09mg/ml)

(a)

0|1 DMSO/0.2 M Tris/HCI, pH 7.6 (v/v, 1/1)0l ==C}. DMSOE A HmM=Z
< =cC}. O] working substrate solution collaborative studyoll M | ==l Cl,
x+ F2|: new batch of substrate0llAM CtE AtSE2 HFEA| =2hel=[0{of etct. 0f

Aol AM ALEE substrate= NIBSCOlAl CHS otz Alet=S &elskict,

At235t7| o|XMoll substratell quality(>95%)= C18 reverse—phase HPLCE O

=

l=|0{oF 3to{ O|l= no/ or minimum interfering impurity peaksE &t

gstof &

|'0

ol
—

71 ¢l etolct,

op

substrate?l =%+ UV absorption measured at 495 nm in 10 mM

NH40Ac,pH8.5(orinotherHPLCsolventsadoptedintheanalysissystem)S 0| & 5404
stolz|ofof stoh s S bufferdl M s H M2 2492, 64,400 M-1 cm-1, A

-

max 492.3 nm OllAM 5-carboxyfluoresceinel H# =24 (Sigma-Aldrich
C0537)& Al25tod Jlsstch (Applying Beer-Lambert's Law, a 25 pM
solution will give an absorbance value of 1.59 and a 5.0 uM solution will give
a value of 0.32)& 0| &35t0] 7ts3thC

strong stock substrate solution (e.g. 20 mg/ml DMSO)S 0|&35ld sE & C}

Joh

Al =X 3IHLE DMSO/0.2 M Tris/HCI buffer, pH 7.6 (viv, 1/1)& 0| &235}04

M S
A

FH s &elstr| flsh chAl Uvz =helsiof Shot,

rok
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stockZ} working substrate solutionS N2 at -20°Coll A XM &Skl 0] condition

of| A{ substrateZ} 7+&F oA st

3. Enzymatic Reaction (in duplicates)

500-ul micro tubedl 20 pl PT reference standards2t test samples& < =C}.

200 mM DTT activation buffer (32.4) 5 ul €1 room temperatured A
20-30=27t ==rc}.

e ADP-ribosylation reagent 32.10)5 10 ul €2 42 = &4 - 6 °O)o

e HCAM-2 cc(32.12E 5 nul ¥ = 4 722 °C Aol 6A[ZF incubation

Quenching Reagent (3.2.11)& 40 nu Yo HsS2 ZSXAZI T HPLC
analysisE st7| M 7X| reaction mixtureE - 20°Coll =&=rC}.

« reaction mixtureZb -20°CollA ©°t™SIZ|= oSFX|EE dHIM oz HPLC

analysis= 24-48A| 2+ Lol ZI&l st}

4 HPLC Analysis
4.1 HPLC setup

e (18 reverse-phase HPLC using a Gilson HPLC system containing a titanium
and PEEK lined binary pump system with a fluorescent detector model 122
£ 0|25t HCAM-22} ADP-ribosylated products &AM stcl, & 21t o
Ol = Gilson UniPoint softwareg &slf ZId & Ct HPLC column2 Shodex

Asahipak (ODP50-4E) polymeric column (5 p, 4.6 x 250 mm; Phenomenex,

UKjolct.
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HPLC mobile phase: (made from a 2.5 M stock buffer NH4OAc with water,
pH 8.5; v/v, 1/250):

*

Solvent A: 10 mM NH4OAc, pH 8.5 solution containing also 80% acetonitrile (i.e.
add 2 ml stock buffer (3.2.3) to 100 ml water and 400 ml acetonitrile)

*

Solvent B: 10 mM NH40OAc, pH 8.5 solution (i.e. add 2 ml stock buffer (3.2.3)

to 500 ml water)

HPLC Flow rate: 0.8 ml/min

Fluorescence detection setting: Aex, 495 nm and Aem, 515 nm;
Sensitivity: depending on fluorimeter; e.g. Gain, 100; Attenuation, 2.

e [Elution gradient:

Tumne. min %% Solvent A %% Solvent B

0 25 75

| Z5 75

z 30 70

& 32 o8

8 100 0

o 100 ]

11 25 75

20 25 75 Fun ends

e Sample injected: 10 pl reaction mixture.
* (2|, injection O|™dl samplee BF=A| centrifugesi oF StCt e.g. at 5,000 x
g for 1 min. O|= alum or other un-dissolved materials2 X7 st0{i HPLC

columnzt systemofl o|&to| ojLt= ZHE gHX|5H7| ¢ gholct)

4.2 System Suitability
ADP-ribosylated productE =Egstil U= reaction mixture2b b starting
substrate& 0| 235101 systemS teststCl. elution profile® HIEA| 2E testol| M H|

=6l OF 5t product peak= S & =0 area’t £d =[0{of etch
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4.3 Typical HPLC trace
ADP-ribosylation product & HCAM-2 substrate= ZtZt 2 8&, 1122+ 22| =

Ct. Traces (b) and ()= enzyme activityS 7HX|X| 2+&=cC}.

oo

CtE column2 product =2 AlZHdl ¥&ks o|& = A2} MEFH QI profile

Zotol stct= A2 FelsfioF StCh new batch of substrate= impurity peaksoll A

4.4 An Example of Calculation of Results

product peakel peak area= the Gilson Unipoint softwared 2| Mz|=lct C}

00
it

=T 2| the Reference standard, 90/5180 2|5 concentration curveZt Bt=O

[l
n

. test sample?| PT =X the Reference standard curveol| 2|sli H AH=EICF

i1 FPeak F.

Numbesr Name Time Area Sample Detenp ng/mil
10 H 7.4 180467 2.6 pPPa, 10ul PO/31B(300ng ml)-2, |00
9 1 7.3 18175486 pidu. 10ul SO/518C400mgmiy-1, aud
8 1 T4 917029 .4 pSou, 10ul 20'51 8 200ngmi}-2 200
ri 1 74 PITTA 9 pFou, 10ul 20/518(200mng/ mi}-1 200
&5 1 7.4 469984 .0 PFFu. 10ul 2005181 O0mg maly-2. 100
5 1 T4 A87ERG.3 pPou, 10ul P03 1801 00nEmil)-1 100
-4 H 7.3 209300.0 PP, 10ul PO/S18(30ng mil-2. =0
3 | 7.5 434458 peeu, 10wl $0/51850ng mal)-1 &1 ]
2 1 7.4 13493 8 pPe9u, 10ul 20/5]1 B{0ng/ml}-2, o
1 1 T4 oo pRou. 10ul P05 18 (0ng/ml)-1. 1002 o
90/518
2000000 -
1500000 —
g 1 QRO r
i [l B - =
200000
(-]
1] 103 20 300 A0 BT
g Tl

4.5 the Shodex Asahipak (ODP50-4E) polymeric column (5 u, 4.6 x 250

mm; Phenomenex, UK) 0/2[2] HPLC columne A& ZHS Fo Al

o

e pH of Solvents

?12l HPLC analysis condition® alkaline pHOAIAl  °oFE S polymeric
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reverse-phase C18 columns AlE3Cl= X

M g AEXt= 7| sl of
off AFZEF solvent pH(pH 8.5)= fluorescein0| Z &gt substrate2t
z|tho| &S WUMA[F|Z|o XMttt

Mol gsjlicaZ M= C18 reverse-phase columns®| &< O
AtE2st7)ol M §tskX] 2l ol pHOAIA columne® &=AS 8 =+
silica based column&ZolAM =2 pHAA otHst dfE

columns by Phenomenex, Inc.)

Sheb MEXIZE U uEE ol

silica based columns ALE3H7|
oz gt

LHM ALEsliof Sttt (e.g. pH 7.4)
= detection sensitivity7} =&

solvente| pHE &4

o

A

T AUCh,

e Alternative HPLC columns and method development

oter oA Zts¢et cf2 HPLC column=

starting substrate2 5 & productE =&

-1 =

=

AtEsctH, pHE

A

= U= elution gradients A

=]
y T = —

St elution protocol& 0| =&t

stctH PT (eg.

Al2d2

=
—

S

< starting
1000 ng/mhZ HMelEl reaction mixtur

=

(==}

gradient& modifye &= ULCH

Appendix 7 Fetuin biding assay %

1. Material(s) and Equipment(s) (Al 21} Z7[3)

1.1 List Material(s) and Equipment(s)

e Coating Protein: Fetuin (Sigma catalogue no. : F3004)
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1.2

Coating Buffer: 0.05M Carbonate—Bicarbonate buffer pH 9.6

Wash buffer: PBS/0.05% Tween 20 (PBST)

Diluent/Blocking buffer: 3% BSA (Fraction V)/PBST (please see section 3.2.5)
Detection antibody: Anti PT sheep polyclonal (NIBSC, 97/572)

PT Reference: Freeze—dried PT 250ng/vial

Conjugate/Secondary Antibody: Donkey anti sheep—HRP (Sigma, A3415)
Substrate buffer: 0.05M Citric Acid, pH4.0

Substrate: Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)(Sigma, A9941)
Hydrogen peroxide, 30% wt.% sol.in water (Sigma, H1009)

NUNC F96 Maxisorp Microtiter plates product # 442404

Microplate reader at 405nm

Plate reader software

Storage and Handling of Critical Reagents

pertussis toxin reference stock® SZA=x= MEiZ 250 ng /vial M-S =04

-20°Coll Al A ZslfoF BtCh ol= 90/518 (NIBSC)Z2 &FH|=UCE SZBH=

[l

vial2 1 ml PBSZ reconstitution =01 =& 250ng/mlO|Ct. reconstituted PTE

MALEStE A2 Haliof st 2t vial2 et #oll AtZoll A gtsict.

PBSZ 5mg/ml Fetuing 2= 20ul (100pg)E2 2823540 -20°CollAM X &t

ct ®E7Ist2 1dolch 28 AH2 & # A

0f0
fjo

| =olch

—

[e][}

2
°

SZ == detection sheep antibody= -20°CollAl XM Z&stcl Zb vial 0.5

=]
-
vy

SZ reconstitutionstl 10ul2 2&&35k0 -20°CollAM M &gt 2F 10ul

un

25k A2 st HHak AtZsich #F 1/10,000 3412 assayoll Al AP SO
Anti-sheep conjugate antibody= 1/2,0002 assayolAl A2 StCF

BSA (Fraction V)= assay Z o ga& o|& =+ Uct BSA= Sigma
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0
i
o

(Sigma A7030) = At

e \Vaccine samples:
Vaccine sample 1
Vaccine sample 2
Vaccine sample 3
Vaccine sample 4
Vaccine sample 5
Vaccine sample 6
Vaccine sample 7
Vaccine sample 8

Vaccine sample 9

2. Procedure (%)

2.1 Desorption of vaccine samples:

e 0.75 mlel vaccineg AlEAl M =8t EDTA Buffer(Appendix 1) 0.75 miet =

1%
rol

ST}
e 37°CollM overnightetct.
e 2000 romoll Al 1022} centrifugest At&ZM S A =rC|. 0| vaccine sample &

Zol2 gssayol| O] =t

2.2 Preparation of Coated Plates:

carbonate coating buffer& O0|&3st0i CtZ 2ol 2l 10ug/ml Fetuin coating
solutiong ZH|gtch @ 1 vial(20ul) fetuin stock(100pg/vial) 10ml carbonate
coating bufferoll sl M stct Zt plateoll & weller 100ul coating solutiong &

StCt coated platesE 220l M overnight(16 to 24 hours)SHEL,
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2.3 Performing the ELISA

e Blocking step
wash bufferg 0| =235t0{ plateE 33| MASCH MZEH = wellol Hofl=s A
HME MAHSHZ| @15l absorbent paperd| plateg RO EHo{ich 3 % BSA

= z3

ol

= PBSTE 100ul &335+01 blockingstct.  shakingsttd  room
temperaturedl A 1A[ZF = 2F incubation AlZICF.

e Preparation of PT reference

ol
My

A= E PT Reference (250ng /vial) vial& 1 ml PBSZ& reconstitutionstod

%
A

2| 5T 250ng/mliZ2 stok

e Sample loading and assay method
wash bufferE O[&3t0{ plateE 3% MAStCh MA = wello =ZotU= M
£ HM7HSHZ| 250 absorbent paperoll plateE TR0 EolHch FH|= PTE

200ul duplicate2 £3F st (A22F A7) column 2&7 CHFE welloll 100ul#! diluent

i
0l

Fetch ot

Ojo

HieHof| 2t multi-channel pipetteE 0235101 100p#

Bl
‘

Ct.

rn

dilutionatod row AFE{ H7ZHX| serial 2-fold dilutions of PT referenceS 2t

row A0l Al pipettinge ¢l oteff 88 AlA|5I0 44 =CF.

row AOlAl row BZ material 100ul€ & Z!ICt.

row AOIAl pipettinge ¢l oteff 88 AlA|5I0 44 =CF.

row CE 100ulE &7|1 pipettingS ¢l otz 81 AlA[5I0 4 =Cf,

7110 de= 82 2 E rowdl M AA|SCEH OFX[ 22 row HOICH,

row HOlA OFX[2F 100l solutions 2l C,

vaccine sample &&H = formatdl 2l 4 replicateZ 100p®  loadingStCt.

100! diluent& =& blank welloll & =cC}.

- 114 -



Example of Plate format
1 2 3 4 5 [ 7 ] E] 1o 11 12

A Blank PT Sample | Sample | Sample | Sample PT Sample | Sample | Sample | Sample | Blank
1 F 3 4 5 [ 7 ]

B Blank Sample | Sample | Sample | Sample Sample | Sample | Sample | Sample | Blank
1 2 3 4 5 & 7 &

= ank Samgple | Sample | Sample | Sample Sample | Sample | Sample | Sample | Blank
1 . 3 4 S L) 7 8

] Blank sample | Sample | Sample | Sample Sample | Sampde | Sample | Sample | Blank
1 2 ] 4 5 6 7 B

E Blank Sample Blank
3

F Blank Samgple Blank

L 3 3 v

G Blank Sample Blank
9

H Blank sample Blank
)

e Detection antibody

wash buffer& 0| &350 plateE 33| MAHSICH MAH = welldl =ofU= MHAE
M AH3SEZ| f15H absorbent paperoll plateE S &0 Eo{Hict,

PBST-3%BSAAl 1/10,0008] 3| A{5t01 detection antibbodyE ZFH|gtCt.

St plate &

(i) 1/100 = 5 ul anti-PT sheep serum + 495 pl PBST-3%BSA

(i) 1/100 — 120ul of () + 11, 880ul PBST-3%BSA

2= welldl diluted detection antibbodyS 100pl® &3 gtCt.

k!
i

2 Y10 plateE room temperaturedllM 2A|Z+E 2 shaking platformoil A

incubationgtc}.

e Conjugate/secondary antibody
wash buffer& 0[&35t01 plateE 33| MAHTCE MZAH = welldl HolU= A E
MAHSEZ| 2150 absorbent paperdll plateE F &0 EHo{ich,

PBST-3% BSAZ 1/20008f 3|A{5t04 conjugate antibodyE Z=H|StC}.
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St plate &6pl of conjugate antibbody + 11, 994l of PBST-3%BSA

2= welldl diluted detection antibbodyE 100pl® & 3= gtCt.

1]

ES Y1 plateE room temperaturedl Al 1A|ZF 302 =2t shaking platformdil

M incubationgtCt.

e Substrate preparation

20ml| substrate bufferol 1 ABTS tablet& =¢lct ALE3St7| HEZ Hofl strong

o

rir

hydrogen peroxide solution (30%w/v)S bul2 2 =ct etalof C}.

wash buffer& 0| &3t0d plateE 3% MASICH MA = wello HolU= HA
£ HM7H35E7| @&l absorbent paperoll plates F &0 EHofHch

2 -E welldl substrateE 100ul 4 & 3Fgstct,

HES Y10 plateE 2= 2AAdA 158 S shaking platformol Al incubation

stct. plateE SAl 405 nmollM =& shct

Calculation
o| 22 single point assayOlCt. test vaccinedlM PT binding activity2l relative
potency= statistic softwareE Al&et PT reference standard curveE 0| &35}0d

A LkEl et

Appendix 8 Modified CHO Cell-based Assay

1. Reagents Methods (Al 2F | gHH)
1.1 Preparaion of reagents
e BRP stock solution

Zt assayE 935, BRP 1 vial2 1 mL aseptical waterZ reconstitutionA| ZICl. Z|
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O
O

T+ 7500 IU/mLolct ek reconstitution= ™, BRP= %2 AlZbsSot +4
°CollM HEatgt = A2} reconstitution® BRP stock solution2 assay?t &= &

o m|7|sHoF stch 0| PBS, pH 7.02 0|83510f BRPE 3|4{stc)

rok

e Spiking of vaccine samples
vaccine sample2 reconstitutionEl BRPE 0|&35t0i = 12 2 IUmMLZ spikest

Ct.(for the Direct Method). E2= 1,24 IU/mLZ spikeetCt.(for the Indirect Method)

vaccineoll XM 7}st7| o|Moll, BRP= PBSZ 50-fold desired concentration2 Z 3
Ast, 10 uLE 500 pL vaccineoll & 7tetct. vaccine2 ZHEAl A1, 1A S

ok 4 °CollM EtESA[ZICEH o] = IHE2 4211 4220 A==0f ULt

1.2 Method

vaccine sample2 testst?| O|XMoll, &0{At= purified PTxol ctfet CHO cell
culturell sensitivityES Zd3olHoF @etch  pilot studyE ZIE=Z S+, limit of
detection(LoD)= +1 serial dilution of 0.0006 IU/mL O|ct(i.e. 0.0031 to 0.0125
IU/mL).

e Direct Method
CHS method= 96-well platedl Al ZI&l SHEF CHO-K1 cell2 HEZ welldll loading
i

vaccines teststZ| 2 AHsSI 1, Zt plate= BRP standard curve2l 1, 2 1U/mL

>

|3—|2
(= y—)

lolr

| A StCh assay= plate & 1

[e]]}

stch well Lol U= sample 2

o

BRPZ spike, unspikeE vaccines =

ol

St ot 2E sample 7 ©AH 522

N

AEMoz SMEJALN, sample, 22t CtE =E2| BRP, spikeE vaccine2

triplicate wells(3 wells)2 A| & st}

* Preparation of BRP standard curve and vaccine dilutions

reconstitution® BRPE CHO cell culture mediums A3 0.1 IU/mLE M5t
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spike, unspike= vaccine

2 3|Mstn Figure 1z} 20|
stch, 32|22 CHO cell

Zt assay plateel & 3 wello 200 pLM 2Fstch
202

CHO cell culture mediums A3 1

sample=2

200 pL* assay plate2l & =™ rowsE el 3 welldl E3F ¢

culture medium(100 pL)= assay plate2l LIHZAl welldl &Fstch & ™ rowdl
AAlstCh A ™ row

UG HAW rows7tX| A

S
=

o

fjo

RP2t vaccine sample2 100 pL* serial dilution=

o| -
AA -

HH row2 AA|SHD mixingst CFS, oS o
100 st}

culture mediumgto| =Hol

ofAl &
Al StCt. assay platee| 8E1mM| rowol =

Figure | - 96-well plate lavout for the Direct Method,

Vianiie &8 Bk

Sgik od with T RKmL

Magalive Contml (Cels = m
T ol Sy

* Preparation of CHO-K1 cells
CHO-K1 cell2 <ol Aadst Ao ZHo| trypsinM 2|l = CF culture medium2 2
stz =Hsoich O kg, 23

resuspensionatod  2x10%ells/mL(cellviability>95%)
densityZt 2000 cells/well0] ==5 assay plate(100 plL/well)

EZ7F X&) =05 % CO2) incubatoroll A 48A|

plateg 37 °C,

o| ol

» Washing and scoring of assay plates
adjuvantE scoringst?|

o ™atsh cluster Z2oE 7| {8l FHFRst=
assay plateoll A washingdll oF StCl. plateE ZsHH =2 W25 A1, plate
st 1 O pre-warmed CHO cell culture

Helck I F e

Zl, warmed mediumES well & 200 uLX 23§tk

S F&0 mediumsS

fjo

5t

medium2 £ washingg!
CC

7= 4X £

clustere|

OXZ &= phase contrast optics(lAtAsi0|Z)
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ol &sto] zHEter == JgrCt wellol 10 £= 1 O|&+e| clear cluster7t =Xl stH
positive(+) scoreZ2 EAsSIL, HtHoO| 102ct S clear cluster7l Z=X{ 5+
negative(-)2 EHM Stch Zt gssay plate?l 2E well2 CHO cell clusterg =l st
= s=3t F Yol AdXtr geolstoh

assay sensitivity= positive responseE E€tst= BRP dilution series@lstCt, o of
X2k welldl w2t Z2HECE spike2b unspikeE  vaccine2| assay endpoint=

positive scoreE 2?8t Z+ dilution seriese| OFX[2t welld| el 2™ =it

e |ndirect Method

00
o

24-well assay plateE Al&st= ClS method= Al YOl of
vaccine adjuvantt X st= PTxel #FE =gttt 04 um pore sizeg 7HA &=

24-well platedll St= F M 2| polycarbonate tissue culture insert=(section 4.1.4

d

1) adjuvantZt celltt MMM 2 MEFst= A2 U7 /]l ALS et spikingat

o

adsorpton= et ¥, vaccine2 cetrifugesty, &4&5H S HMAHE =, adjuvantE &
2 volume2l CHO culture mediumdl re-suspensiongtct. 12|11 resuspension
adjuvantZ assay plate2l porous cell culture insertdl 2 =Cct. 4702| vaccine test

= Z plateoll Al ZlI& =|ojof 30, unspike® ZdZt 1, 2, 4 IU/mLel PTxZ spikeZ!

M

AS Eetstch BRP standard curve= sensitivityES =915t spike sl Al

Wst7| 215401 assay plateoll =Z§fetct EOo{At= ZhsStotH ChE dmboll, 2H2t

Ct.

o

A
o| vaccineoll tHsto] ERIX o= 33| assay= 8 of of

* Preparation of CHO-K1 cells and assay plate
CHO-K1 cell2 <ol Aast Ao ZHo| trypsinM 2|l = CF culture medium2 2
resuspensionato]  8x10%ells/mL(cellviability>95%)=s =2 =X™stct 1 cl2, ==
densityZ7F 2x10%ells/wellol = =2 24-well assay plate(100 ul/wel) ZE wellofl

250 uL & Fstct assay plateE 37 °C, £ £7F FXl= = incubatoroll M 3A|ZF =
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sample2 23F35t7| o|Xoll, cell culture insert= 2t welldl FH7Ao 2 £7{X0f

£
N
-

StCl BRPRHS JHX|= assay well2 insertE At2& ZeJ}

= Preparation of BRP standard curve and vaccine dilutions
BRPE cell culture medium2 O0[&3stod 0.1 IUmLE 2[AMstd 6702 1:2 serial
dilution= culture medium2 AtEstod & 7 s & 24 St
Zt vaccine sample2 4.15dp A== Az Zof 1, 2, 4 [lUmLel BRPZ spikest
4 °CollM 1A[ZF =2t incubation tEl BES =, adjuvantE pelletat AlZ17] 2
&l vaccineg 2000 xgZ 1027t centrifugestct, AFSH S ZAMAEHA HMAHSILE
MAH= volume2 pipettorg 0| &35t0d HHStC pellet2 &2 k2| cell culture
I

volume(adjuvant+medium)2 500 pLOICt suspension=S ZHE A HoiF1, 250 ulL

vl
Of

medium2 2 resuspensionstH (L BHM o 2 450-480 ul)

£ ofl Ecell culture insertZ &ZIck o o, welldl HXIX| 2== F2|stct assay
plate™ 1 welldl A Z+ dilutionOl testE Cf.

5| A E BRP solution(250 pl/well)2 standard curveE THE7| ¢lsf HsHE 2+ well
of &gtct. cell cultire medium(@50 plL)2 negative control24 1 welldl 2=
Ch(Figure 2) assay plateg 37 °C, =7} ®#Xl= = incubatoroll Al 48A|Z+ S ot

b 2FekCt,

o

Figure 2 — 24-well plate layvour for the Indirect Method

4 4 4 4 .05 0.0031

=] 2 2 2 2 0025 0.0016

= 1 1 1 1 00125 .00

Valies represent the spling concentration

* Scoring of assay plates
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incubation Ol &, well HiEH| U= celldl H&S O|XX| LEF FLE 7|20/
cell culture insertE Z=AMA®A A HSHEE scoring2 Direct Method(section 4.2.1)
ef Zo| Zlgstct o| mf, washing step2 Z&SHA| 2=Ct welldl 10 &= 1
ol ate| clear cluster7t &=X{st™ positive(+) scoreZ st HHHo| 10ECt %

=2

2 clear cluster7t x5t negative(-) 2 Tt

02
o

Ct.
cell culture medium control2 BF=EA| negativeE LIEFLfOF S, positive
clustering response= 3 HM =2 BRP =T =2 Z1I}J} LI2lof assayE A= &

= Ak,

Appendix 9. Bioassay Assist program (version. 3.0.0)02 Al&%t &

A=A L& oAl

Bisassay Assist

Bicassay Assist
PMain Manu

Conpm ™ [aWbicassay AnsisiYWanalhyais mdb | Setect |
=Ml yssiso- =Symbom Maintonanooas =
Farmilal Linae Modal I Export Soalected Data
Mastor Tabilo
| Fratit Model I e PR TN Ty e Tet o) I
Froguancy DistmDulion Crafinition of Takle I
Diisplay P ropemrty
= Liantial S ammipla
IBMEI:l'I:l Chisspl oy I CataBackhup I
Exil I
-
- =
. -
= -
=
HE - -
o e
- -
& . ()
labD P S AT T Marasen) BiEErery Sessrih I VREE

« Bioassay Assist Program : &€& NIIDO|A Jigtst MEo|etEZ EA | SAH=

224
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1. 8 s HIIA[E - Probit assay

A& 7| &: Bioassay assist program (Probit analysis)2 2 XZlstd= m 8 IU/mL
ol 2ol ofof &t

Bioassay assist program (probit analysis, version 2.0.0) AlEH

=

e Bioassay Assist main menud| Al Analysis Al M probit methodE %

—

m

H é|-|:|._

J
-

e Data input (probit method)Zt™ ol number of sample?l =& dstdl, &l &
sampleoll A number of dose 2| ADDHES =2 34 djF2tZE ZtS M=

rok

FC}

e sample ID Number= MEHSTE 0] AIEstH &ae f Jef=o 7| =

Ct (Bt=AtE7HS)

e Dose(mL)Ztoll = 0.5(88H), 0.1(408H), 0.02(2008H)E & =Ct.

y =

(2 == AREAl AFES SlMEj+E E=cCh)

[ )
M
=)
rir
A
rlo
Ol
Mo
>
i

in
rir
o

e AnalysisE =2 MZ

Mo
ozt
fjo
I
i)
rfo
n

e U/mL of Standardoll EZ=Z4+S 211, analysis= Batch processings &4 st}

e Dose(X)ZtS LogZ X|H™SHH sampleoll it potency, lower limit, upper limit

7t Lt2ct.
e printerE =8 Alg Z1E &Hotch

e data X ZEA| data inputE =2 data input(probit method)2 =0F2tAM test M,

ued o

fjo
ol

Mt = save the datag = MZAHStC

r
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Qo HItAI A EHE
Test Name IP POLEnCy
bate 1 2015=10-01
File Name {DPTPPOtency
standard unit:8
Dose(x) iLog
MFDS ® POTERCY
Dose N r | pose N r
es | 2 | 1w | eos | 2 17
w1 | @ | m | 01 | 11
0.02 ] 6 | 0.02 | 20 7
(L1 5 t’unfld. lim. ODev. froam lin. Regression equation
Turps | 0.07081  0.02085 - 0.17076 K ¥ = 0.976 % + 6.122
P Potency  0,05639  0.004%0 - 0.12781 N ¥ = 1,000 % + 6.249

N : mot sigaificant
Common slope @ 0.3676
DEv. I.-on Tin. €hi sg pev. from para. Chi sg

. wnsnsan ﬂ!Jl?D v i

l\rP _potency WL cnnhdtncc 1I'!!'[i-
P Pm:rn'cy 10.133 %, EH:‘ - 36,684

N @ w5
B.03 W * Potency
L]
5.51 |
a
4.59 |
|
] L L
a4.4T
1.7 1.24 0.77 -0.31

LDso Al &t

o Dj2 Ao Zabol BA g0l Alojte olA $E J|=

o ZAE #E DTS Reed Muench methodZ ZH 352
50 ~ 4000|0fof st}
 FAZe AL I'(_'_7:I LD50_I_) = 34T : LD50—|—
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LDgo2l HlAF (o)

Dose
. Cumulative
it Number Number Cumulative . Ratio of Percent
Cells . Death Surviving | Death(A) T Surviving(B | A/(A+B) Death
ratio ) l
7500 5° 10 0 27 0 27/27 100
1500 5! 10 0 17 0 17/17 100
300 57 5 5 7/12 58.33
60 57 8 13 2/15 13.33

(%position above 50%) - 50%
(%position above 50%) - (%position below

50%)

Proportionate ~ Distance (PD)

Proportionate  Distance (PD) 58.33% — 50%
= 58.33% - 13.33%

= 0.185111 = 0.185

x| AF8 50%0ll s Eat= Zdo| 522 53At0lel 5280|0], H|HAIS AR50 A

A

—

rok

FCF
7500 : 5%=X:57218
X = 7500 x 5218 X =24492 = 245 (X = LDs)

2. Wes FEEAE

(Ot AMBL2, olRAWE TS | 2Ef gl

—_

o[

)

ol
ol

7}, Ol A

Bioassay assist program (parallel line analysis, version 2.0.0) Al

e Bioassay Assist main menudl Al Analysis S0l M parallel line assay method

A EH

— 1

rok

FCF

i
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Data input (parallel line assay method)&tH ol A number of sampleel +& &

ol

P, s & sampledl A number of dose 2| ADDHIES =& sAM dj0otE

F Al EH

— 1

|'\U
o
rok

FC}

Repeat of Measurements ol A&t MEZ29| & {3 stch

Test MEHSIO| OIRA XM BZLAAEol| BWDU(Body weight decreasing unit),
oA e FE=EJIAEH0| LPU(Leukocytosis promoting unit), sIAER2T &

ZAl "ol = HSU (Histamine sensitizing unit)S MEHSILI date= AlE LX)

File name ol= Algst Mz=HS E st
Sample ID numberdll= Al&st EE=Z0|&2 ME0o|ES E=cl.

Dose(mL)oll M = =5 1(181), 0.25(48K), 0.0625(164H), 0.015625(644H)

rr

EHl
M
I

Aol L2 ZiE E ot

AnalysisE =& MZ

Mo
ak
fjo
Hz
i)
ro
n

U/mL of Standarddll OFAXME ZHAAIH(1222 1U), i 2SS 7HA = (1.98
IU), SIAER SZAIE(3.20 1U)
FC}

i

2 0 analysis= Batch processingE A E4

rot

Dose(X)4t, Response(Y)éts Ot AXM S AAIS(Log, Real), B =S THA|

&l (Log, Log), sIAEIDl ZSZUAIE(Log, Real) 2

rx
12

= otH sampleol| Cf st
potency, Lower limit, upper limitZ7} Lt=C}.

printerg =21 &= etct (7|2 ZRIHE Hddst X2

i

=)

—

T

data X Z&A|l data input® =12 data input(parallel line assay method)Z = o}

QIM, testd, mdHS HSH + save the datagE =12 A A&rstct
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s FESIAE (OIRAHSZLHLAE) - Parallel line assay

A&l 7| = Bioassay assist (Parallel line analysis)2 Xz2lstdS i 10 BWDU/mL

1) Dose (X &) : Log (3 Al =)

2) Response (YE) : Real (OIRA X S8 35}
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DlAMSELAEdEL EHE

Test Name H

Date $2015-10-01
File Name DPTHWD
seandard unie:122.2
Dose(x) iLog
Response(y) :Real

MFDS = — | orreme
| bose 1 [ o.3s 0.0825 | 0.01562% | 1
[T 1 | 02 | o 0.64 | 0.83 |
[T =5 | om | om | o5 | 18 l
[ | -oen | o1 | o8 0.91 | 1.54
% -1.18 -0.27 | 0.27 103 | 0.7
™% | .07 | &35 | o1 0.57 | o9 |
[ & | -0.99 | o8 | 0.5 | o063 | 0.8 |
7| 106 | 043 | o.s 0.95 | 1.4 |
'] -1.39 | -0.2t | ©G.a7 1.37 | 1.8
9 | -1.07 | 0.3 0.3 | 127 | 109
w | -1z | -2 0.00 | 1.9 | L1
mean| -1.082 | 0.06L | 0,356 0.91% 1.124
var.| 0.043 | 0.121 0.041 0.069 0.079

Mature of variation sum of sg df Mean Gg F

o 0 00 0 5 - o 0 0 8 15 5 e e o i 8 5 i

Preparation 9.09938 1 9.09%38 128,515+

Regression 19, 88282 1 19.EB282 180, B15%*

Linearity 1.34853 ] 0.67430 9. 523+

Between doses 0. 33079 4 7.58270

Errar 318618 a5 0.07080

Toral 3351897 49

Common variance :@ 0. 07080

oceviation from hosogereizy of variance : chi aq = 1568

wot significant

matse e ————— «cBe careful about reliability |lss=cccecaaooao o
cLimeari

sla Eer:
;1.03; =0.8EE
Relative potency 95X confidemce 1imits

DFTEND 1. 46470 0.8517% 2.35146
Dote melative potency
1 l.lﬁ?ﬂ

MEDS
Common Slope @

L B B
1.12 L u 0*Tew
0.38 e
-\.\- '
.

0,35
N L S W— ]

-1.41 1.1 -0.61 0
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AF2 =l B. pertussis & :
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Purification of FIM 2/3 :
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ol oigh AlH

e FHE &

For purified antigens
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It
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Hn
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For co-purified antigens

Purity of claimed antigens

Proportion of each antigen claimed :
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Residual level of endotoxin
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Antigen content
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Sterility test :
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A challenge & 2+4
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LDspinchallengedose:

No. of colony-forming units in challenge dose :
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Test for aduvant
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Specification :
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T3 MEus] iAo ZA obMAM  FE5 (The quality, safety and efficacy of
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acellular pertussis vaccines) (2013)°2 2 Z3t7| @/ WHOSQ| Part A*S miztond,
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1 Name of manufacturer.

2 Country of origin.

3 If any national requirements are not met, specify which one(s) and indicate why
release of the lot(s) has nevertheless been authorized by the =7t&| 7|2t

4 With the exception of provisions on distribution and shipping, which the =7+t

M 712+ may not be in a position to assess.

5 WHO Technical Report Series, No. 979, Annex 4.

6 WHO Technical Report Series, No. 961, Annex 3.

7 WHO Technical Report Series, No. 822, Annex 1.

8 WHO Technical Report Series, No. 978, Annex 2.

9 Evaluation of summary protocol, independent laboratory testing, and/or specific
procedures laid down in defined document etc. as appropriate.
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