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BACKGROUND

Enteric fever (typhoid and paratyphoid fever) still
remailns a major but often underestimated public health problem in
less developed countries (LDC). Part of the explaination of this
underestimation is due to the di“ficulties of accurate diagnosis
by tie Widal test and non-avatlability of  confirmatory
hemoculture tn much of the rural tropics. In wmproving the
situation, & low cost, simple, rapid and accurate diagnostic test
that can be afforded to be applicd widely and can be carried out
in peripheral health care facilities must be devised such that
accurate didygnosis can be made and proper treatment given and
that a more realistic epidemiological nicture can be monitored.

Ihis diagnostic tesl should represent an improvement over
the standard Widal test and hemoculture, i.e., no <ross reaction
With other enterobacteriacedae which cause enteric fever like
1tinesses, the requirement of single specimen in stead of paired
specimens, and  accural> result in the patients with clinically
proved enteric fever but have talse negative hemoculture. Hence,
this test should provide confident diagnosis with a single
sample, preferrably 1n a rapid, inexpensive and simple way. A
logical approach 1s that it should be accurate, sensitive and

specific detection of the pacterium products.

Soveral groups of investigators have tried several
immunological techniques, t.e., coaggluLlnation(1'2) , ELISA(3'4)
etc, for tne detection of bacterial antigens in serum, urine and
other body Flurds.  Unfortunately all of the efferts in  this
direction  have  met  With the problems of precision,
reproducibility and cross reactivities with other entarohacteria-
ceae. Ihis  problems can pe attributed mainly to the antibodies
used s only conventional pelyclonal  antibodies have  been
amployed. fhe wvariation of cacterial strains used to produce
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antisera and the uncertainty of absorption procedures in reducing
Cross-reactivities make it almost linpossible to standardize such
polyclonal antisera and the respective tests.

For accurate and  spacific detection of antigens of
Salmonellae causing enteric rever, a secure and consistent source
of dntibedies will b2 requiret, Properiy defined clones of
hybridemd  producing monoclonal antibodies to selected epitopes
present a raticnael avproach to meating these requirements. Once
such  clones  are cnaracterized and established, production of
reagents of consistont auality can he ensured and standard  kits
Tor a rapid, sensttive, specific and inexpensive dingnostic test,
L.2e, mUISA cuan no arcduced and the molecular componznts of th
antigenic structure ameng these four species of Salmonellae which
dre specific to correspending astablished monoclonal antibody can
also be difinel.
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OVERALL OBJECTIVES

To produce mouse monoclonal antibodies (mAb) directed to
species specific antigens of 5. typhi, 5. paratypni A, S.

paratypht d, S. oparatyphi C and commnon antigens among tnem

but not C€ross redacting with ottws- enterobdcteriaceae that

comnonly cause enteric fever like illinesses.

To develon 1+ rapud, sensitive, specific and  inexpensive
immunological  test  detecting salmonella antigens in urine
and 5604 for  the diagnosis of enteric fever and
identirication of the causattive species for epidemiolegical

monttoring.

[0 prodjuce est kits tiet are sunple and suitable for use
aven  In rural aress of LOGC where scientific equipnents are

not rogdily avialanle.

lo identiis nolecular conponants or tha antigenic structure

of salmonellae wnich are specific to mAb produced in [,
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QBJECTIVE OF Tils PERIOY

To develope and produce monaclenal antibodies te Salmonella
typni.
fo recrurt the subjects and collect the blood  ard urine

specimens  for the clinical Jragnostic trial of  the ELISA

test Kits.

To idontify melecular covponents of the antigenic structure
OF 5. typni which are sp=cific te established mAb.



QBJECTIVE @ To develope ard produce monoclonal antibodies to
S. typhi



HALLRIALS Al HETHOUS

Bactertal strains b stratng usad 1a this stily,  Salmonella

typta, S, paratypin A, veonrratyphy 8,005, Lyphinurium, S,

cholerasurs, Se_ent b, b paaend, S, kroreld, tschierichia

cmg,meﬁ@@py}vwm,gggﬁmgmgpw%um!hlam Yersinia

enlerocolitica, werie all 1nolatel {ron the patients sy ferad from

ENLeric tever and antorio 1o ke 1 nesses., S, paratypni C

(GRV701)  wus waindly previbel Ly Uro 8. rowe,  Central Public

Healtn Lasoratery, Loadon, Y.,

Production of antiaen e protein antigen was extracted from tne
T T e - 5,6 .
) with

baclorts 6/ Lhe othied  desopiipsy by Sarber et al}
stignt  aotirications. Briefly, washed and  acetone dried
bacterial colls wiere extractod with veronal bufier pH 5.4 and the
proteln  wis preCipllabod out of the eatract by trichloroacetic
acid. T pracisitate was wisive, resolubilized, lyophilized and
store  at 4 o until uned, lhe protein content  of these

7
preparaticns woas aeasural 00 the method of Lowry} )

lmmunt zation er e

Fesale SAlu/cd mico, 6 to 10 weeks of age, were Immunized
once every 3 days tor Ih days.  For the First imnunization, mice
Were  givon 200« per miouse of 5. Lyphi protein antigen diluted
to 0.2% i an neel e colbatan GISS) emalsifisd  with  ap
aqual  volume or conalioce Fround's ad juvant (Dirco  Laboratories,
Mich., Usi) sulcutancvisty into ¢ feotpads, 2 axilldary ard 2
inquinal areas.  Ine secont maunzation was similar to the first
mmmuntzation  except ncoaplete Freumd's adjuvant was used  in
stead of complots Fronnd's ol juvant. For the 3'["1 to Glb imnuniza-
Lion, each mouse was qiven 200 g of 3. typhi protein antigen in
NS5 without adjuvant suncutunébuwly into the 6 areas mentioned
above  with  the exceptionar of the 6ih linmunization which the



antigen was divided and half of the amount was given

intravenously.

Cell fusion and clening One day after the final edministration

of antigen, mice were sacrified by cervical dislocation.  The
axiliary and inquinal lyaph nodes and  the  spleens  were
aseptically  removed. A single cell suspension was prepared by
tedsiny e lyeph aodes or splean tn the stersle  petri-dish
containing  Pus. Ine colls Wwere passed througn a sterile  glass
WOO.  column  once to obtdin o fine suspansion. R The cells were
WaSibad  MOree  LLues in oserumloss keMDoind0 gt 4 € oand counted.
The mouse myetoma cells (Xo3-Age.ob2, <andly provided by Dr. J.F.
Kearney, ontversity ot Alaband In Hisninghdn, USA) was also
Wt S anuq tines 1n sersnless deidl 1040 at AOC and counted. To
3.0 4 1u. Lypn pod- ciells, 3.0 X 101 Tye | end ce[ls were  added
anel Lo /oo« 1¢]:ni~~n colls, 4« 107 myeloma cells were  addes.,
The cotl o mxture wan ashod once witih serumiess KPML 1640 at room
Lemparatyra, AiLor the  cuperpatant  «4ds removed, a 1oml o of
polystnylone alycol selution (PeG-4000, Accurate Chemical amvd
Screntiiic Lo.,  NY,  USA) was alded dropwise to the cell mixture
for 1 atnute at J/OC. After warting for 30 seconds, the 20 ml
serunless  Bedl 1od0 was addatd dropwise at 370C. thea 30 wml of
sorunloss  wKPMl o 1640 was  added and the cells were gently
contritugisl ab eoca temperatars Tor 10 minutes at 300 x4, The
SUpLTTuLalil Was reivess and tne cells were very gently resuspend
n Jiuu compicts culure mahwum (RPME 1640, 154 fetal calf serum,
Jlutamine:, AT aptontinanot, pentctllin-streptomycin and
funglzons )y cantiining  avpexanihine, aminepterin and  tnymdine

5
Lo obtaln the finslocontentration of o < 100 spleen calls/ml and

5

Voot Lyaon nedo collsysmil, ine peritoneal ferder cells  were
affesl amd Ul oor tne ceil mixtures were plated per well into 24

aall Costar oiales (Lostar,  ddassacnuset,  USA).  The pletes were
J

INCHDal-¥l Ino Lissus cultura incupator at 37 © Wwith gls humidity

and 74 00 . Around 19 3ays fter rusion, the cells were switcned

8)



Lo complote  cultura madum withoat HAT qraedudlly.  Three  weeks
after fustcu,  the supernatantiluid from culture wells displaying
hybrid  aroatn was itlally scroened tor the desirad antibedies

Dy enzyso-binseod dmmunosor pont A55ay (tLESA) described bolow,

tyen BU S lls groductng antibod jes of Interest were ¢loned
0Y Luattinor Triuiyog sothed . sricfly, tne t-bed or agitated
Cell sinen oo 1rec well w0 Dyl mnto vl complete culture
MEd VUL Cont oty porrioneal rosfor ool s, [t ZUQ,HI of cell
SUSpension e plated peor well into wne Yo-well Costar plate.
Thee e 14 0l o1 col SUSLRNS10n was Turther diluted  into
30wl of crsnlete culture med um contatning  paritoneal feeder
calls  and platel a5 epove, Inis cloning procesiure was repeated
P=2 Ly bo e that vacn wii containing one clone wilich was
from o wuole ol
Antibaly scrning

v

o Antibody to orotern antigen Antibodies in the super-

natant tlu1ﬁ tros culture wells containing hybrid growgh were
sereenad by tLILA pertormed 10 Yo-wel | microtiter lmmulonA plates
(Dynatecn I:LoraLfg;us, Yirginitae, USA). The procedure was as
describet oorlpor i brief, 1q/:g/ml of protein antigen (in
Q.05 M Caricnie purter, pri J.d) extracted from each of pacterial
Stratns  presioasly  entoned prCapL SSTQZEQQQFLGr Jejun{ was
mh}nj Lo L wolls (one antigen eacn per plate) and incubate at
BZLC for o noura. AMier the antigen selution was removed, the
plates  woro wiice Uhiroe tiaec Jith normal saline solution amd
0055 Tweon ¢ (inS=Twoon 2J) and  tapped dry.  Une hundred
RICrobibees S0 Sunernatant fluid was added in duplicate to  each
well and ancanaie ar g avernighit,  After 3 washes with  NSS-
Fween 20, 10001 of Goat anti-mouse lmauncglobulins labelled with
alkaline phosphaetase (Southern diotechnoloay Assoc., Alabama,
USA)  was  wlded  and  incubated at 37OC for 3 hours. Excess



conjugate was washed out 3 times with NSS-Tween 20.  One hundred
micralitres of p-nitrophenyliphosphate {Sigma Chemical Co., ™0,
USA) dissolved in diethanolamine buffer (1 mg/ml), pH 9.5, was
then added to each well as the substrate, The enzyme-substrate
reaction was allowed to take place at rcoom temperature for 60
minutes  before beiny terminated by the addition of Zé/al of 3 M
NauH. [he optical Jdensity at 405 nm was measured in a  Titertek
MUILISKAHGJ (Flow Laboratories,  donn, West Germdny). An optical

density  dbove J.o (derivesd from the mean of the optical densi}{

values of 11y negative controls plus three standard deviations.'

Wds cunstdered g opesttive result.

In eacn plate, 4 direct conjugdate control  (DCC), a
substrate blang (58), o neqgative control and a positive control
wera Included . Une nundrad omicrelitres of NSS-Tween 20 was
substituted  tor suuernetant  fluwd wn the DCC and  for  both
supernatant  riord and o cenjugate 1o the S8, One  hundred
microgitres ot meuse ayedong cells Agd 633 culture mediun  and
aouss pelyclonal antiserdm oangainst strain of  bacteric
corrasponding Lo the bectarial antigen coated in each plate .as
substituted  for sucernatant rlurd in the negative and  positive

control will raspectively,

Lo Antioady to 41 antigen The screening method used in
this study ror dotezticn of anti=y1 antibody in the  supernatant
fluid was  tiLI5A wnicn ordinaily descrinsd by darrett et al.
driefly, raoott aoti=5.  typni TyZ serum was diluted 1:20,000 in

V.00 M coarponate butfer,  pt 4.0, 4nd micd with purified Vi

capsular  nolysacCharids fron  citrobacter  froumdld (kindly

provided by Jdr. o cobing, Hatronal  Institute of  tealth,
arytand, dod) ol o Tinai concentration or %(tg/ml. Jne hundred
Arcrolitres  of RIS @tkidrs was ¥l to alternats rows of  the
Jo-wel L atcrotiter bmanien™ plates.  wavoit ANti=5.  typnl Ty?

Sordin Without  d1 antigen was slle) (o the otner rows of  wells,

(11)

0)
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(o3 s
Thir plates were ancnbated for 1 he at 37 C anl al 4 C overnient
and LI v wasie ires Llios with Nos- fwoon dhLUng e ress
mrcrolitere of i wpernatant tlaid was added Lo ROLL Lhie V1oand
nen=vi contanig welbs i dunlrcate. Ine pletes wors incubated

for v he ot s L oant tnon WALal Lheee Liaees 1 W55 Taenn 20,

Al PAOADI LSO Uga b Qual anb g =mons,e Liune -
globulins wa s Grinted 1ienu i Wus-lween 20 Wil 15 Lovine sorum
albuming oo worlred ALCrCLILres oF Lnts congtijale was oldad  to
each  well, Atter ncubation tor 1 hr oot 3/06, tiv: plates were
Washed L ey wiin WSh=lwoon 20, tnzyie substrata
(p=nitrophonyiomhote n dietnenolsatne  butror, o 9.5, 1
myfml ) was siie and e plhates viera 1ncubated for 60 mrngtes  at
FOOM Lt L, Lhe 92y a1 e reachion wac Lhin Lerminated by
adding v uon w0 S0 Hati! Lo oach well . [he absorbance of Lhe

. . ) R
colour dovelon el wus rowl at 40h nie with a fitertek Meltiskans

Adiiesi conjugate control, a substrate blank, 4 negative
control wirl o poitive control which was polyclenal meuse anti-Vi

antibed ey wor wiso innlwdcd 1o each plate,

Isotzpﬁ daters Liunogtobotin class, subclass and Light chain was
detormine:! by U150 a9 went rone | above, Ine geat antibodies to
meuse  Lad, bdd, bgued,  fquen, LgG3,  xappa and lambia light
caarns (oo peotoctinology  Assec.,  Alabdma, USA) were

SUDSTILULS T trr Goat ant ) —non o Breenogiobuling in the assay.

&QELQQL{<H5Q-H“leU o ostamn nigh yields  of antibcdies,  the
NYDrEdomas wor o rosn as ancitis Lunours in pristane (2, 6, 10,
Wetebremo Uty onta lecans, Aldrici Chemical Co., WI, USA) -nr imed
BALG/CO e, e 00wl pristans was injected  into mice
Intraperivenaliy. AU 1 woek af ter the pristane injection, the
mice  were o Giwen Py, '107 hybrid cells in 3 ml of NSS
intraperiton aily,
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RESULTS

Production of hybridonas Ten hybridomas producing specific

antibedivs  agdinst  protein or Vioantigen of 5. typhi were
establisned, lhese  clones  were {solated from 2 fusion
experunents.  They are designated das X111:106C8, X111:2D1E6, X1V:
dA2EL, XDV MAZEG, XIVI3AZ2ET0, A1V :dAZ2F10, XIV:3AZH1?, XIV:1D6ES,

LIV taoby aad X1V 1LuE/.

bwnuniogiobutin 1sotype The results of imnunoglobulin  isotypic

assday are prosonted an lable 1,

specilicity 2i Lne menoclongal antinodies  [he specificity of the

moncclonal antipedies ror protern or Vioantigen of 5. typhi was
Investngiteag oy LA by g5t ¢ panel of protein extracted from

12 bactorval strans {s. iyehl, 5. paratvphin A, 5. paratyphi B,

S0 Daralypnt L, ol Lypnusuriua, S, choizrasils, 5. enteritidis,

5. pafiend, L.oseateldoos o codr, 1L eiterccelitica, Ps. pseuwdo-

aillord, the aoetons drisd wnole cell of G0 Jejunt and purifiod

Y1 oantigien, fho reuits are spown in fable 20 dne menoclonal
antioodies (AfHEiotd) aximnbited reactivity to Vioantigen and 3,
Lyt At le anotoer five nonoclonal antibadias (A1V8AZ2E1, ALV
sAZEe,  lyiniAzeta, AL i8AZEND, K1V iAAZFY ) wore reoactive to Vi
antipden, Lo tynhiloand 5. paratyont Coo dne last four meneclonal
antioadies (nllizeutin, XUV UbED,  Alv:iloty, A1V:100F7) showed
stronsgly reantion to 5, typnt only.

i tmanonlotiing {Western Blot) and  ELISA-innibition
gApRrents L dbewonsirate rarthar the  specificity of  the
aeneclonsl antiocgies are currently being performed.  The results

ars not vat conpistioeg,
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Igglg'l. Characteristics of monoclonal antibodies specific for
protein or Vi antigen of 5. typhi.

cione class or Lignt Specificity Source of
HuOmbeT SuUDC L uss cnarn ! immune cells

X1 unes IVISR ] K Vi

X1 2010 faicea K. protein } Lymph node

X1V 4AZEd 1 1

L1V HAZES

VAL YA DI S BT K Vi

X1V A2t 1U ',{

AV aAZ? J J [ Spleen

LHd oo 1

Ay oty lgdl K } protein

A1 oo/ J
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DISCUSSION

Ten menoclonal antibodies specific to 5.typhi established
in this stwly can be divided into 4 groups on  the basis of
1sotypic chdracrerization and the specificity. The first group
(X111:10008) has 1sotype [gGlk with Vi specificity. fhe second
group censistixl o1 o monoclonal antibodies (XIVIBA2ET, XIV:8AZ2ED,
XIV:BAZEID,  ADV:8AZEY0,  XIv:gA2F12), all have 1gGik with Vi
speciiicity.  Hhese ¢ groups redct Jifierently with §:paratypnl_g
45 shown 1n Table 2. ine first group s no specificity with 5,
paratyphl € wintle the  second group can react strongly with S.
iigﬁ;“;hiﬂ;ﬁukly with S. paratyphn €. Ints result sugaests that
Lhe VVl polysaccnarde remains in the protein antigen preparation

of 5. tyunhi oant 31‘quragypql_§ angd these 2 qroups of mAb  are

specifie  to dlffwrent epitops on the ¥i antigen, therefore 5.
Lyphit  wnd L. paratypnd U oshould have some  dirference i1n the

components  of  Lhe antigenic structure or Vi capsular polysac~

charide.

thee  tmirmd group (XIL1:200Ec) 4nd the fourth group (XIV:
1Wbts, Alv:lunty, AQV:IDLF/) are botn specific to protein antigen
of 3. Lypni oul have different 1sotlype, i.e., lgG2ak for the
thrd group el lguls for the fourth group. The specificity of
tnese monoclenal antibadias ror the same or different epitopes on
the  protein  antigen  drs carrently being  investigated by the

Imagnoblotting tachnigue.
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CONCLUSTON

A hybridems  technology  has Loon ostan]ished and 10

monoclonal antibedies specitic to S byphi e obluinal,  They

can b apvvled o dnte 4 groups,  tn whicn Yoo Ciphoare suacitic to
Y1 anlygen ared oL PCUDS are SR L tian qatlgen of

5 Lyphi. uii entiocdies will ba o1 ot i jap Stuaios of
Lhesamtnodogroad propsr ties and Uve ol gl CORONENts or the
anttaenis structnrs of S Lyphn, and ror sy oo the davelopaent
of the clreanostic Lest for detecting e Lyabinoentigen 1n the
brolocal Chid or the patients.
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OBJECTIVE [1 : To recruit the subjects and collect the blood and
urine specimens for the clinical diagnostic trial
of the ELISA test kits.

This is currently peing pertormed, At the present, the
total number of the specimens ts still not sufficient. Therefore,
we  have exlende!d tmis activily further Lo the end of this year
and  hope thal the <utiicient nuaber of the specinens (patients

and controls) will ne obtained,

QUJECTIVE [l : To 1dentiry molecular compenents of the antigenic

structure of S. typni wWwhich are specific to
astablisnesd mAb.

Tre  pwaunoplotting cxperiment Lo identify the dantigenic
conponent(s) of 5. typht 15 noW inderinvestigation. ihe result

is not optatnanio yat.
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WORKPLANS FOR THE NEXT PERIOD

Oevelopment and production of monoclonal antibodies to
Salmonella paratyphi A, Selmonalla paratyphi B  and

Salmonella paratyph C.

Furtner recrultment of the subjects and coliection of blood
and urine specuaens tor the clinical diagnostic trial of the
ELISA test kits.,

Estanlisnment  of tLISA test kils If Lhe desirad  monoclonal

antibadtes are achioved,

Identirication or  amolecular components of the antigenic
structure of . lypni (continued), 5. paratyphi A, S.

paratypnt o aned 5. paratypnt G,




1.

g,

19

FERLICES

Rocknitll RC,  Rumans %, 1s<nena M, Dennis D1, Detection of
§gl@99g!quu_pyphl 1, doawd do antigens, by slide
Coayygtulinabion, inoarige (roa patieats with tynnoid fever,
J Clin Microniol 15507 110 n13-16.

Stvadusan &, FKurten o, Jacob John T Rdapid dragnosis of

Lypnotd tever by aniigen dewection,  Lancet 19845 12 134-5,

Appassaki ] B, Banchoan ©,  Laracombath s, Rungpitarangsi 8,
Manatsathit &, remolpin P, Sikosol |, Enzyme-linke! tamuno-
SAroeal assay 1or (e detesiton of Salnon=lly typhi  protein
AnLIGen,  Subaitted to tive Joe sl of Clintcal dicrobielogy.
Barrett 19, Snyler JU, olone A, tuley JC Enzyina-1inkad
tunosnrbent  as<ay  ter otection of salmonella typhi Vi
A0ligen 1o Leie Tres Lypacrd patients.  J Clin Microbiol
V992 150 25047,

Barier  C,  fanneel . I seroloyical specificities  of

salmenella Lypid antigens,  icrobios 1976 16: 125-31.

Barber €, Uladolanu T, Uleiche Gl Contributions to the
study ot Salaionsila, Fiinelogical spaciticity of proteins
separatesdt from Salanin 11 v, buaunology 1960; 11 287-
96,

Lowry OH, rosebrough i, iare Al.,  Randall RJ. Protein
measuresient with the tolin pnenol reagent. J Biol  Chem
1951, 153: vnh-74.

Littietaeld  Gd. silostion of hybrids fron matings of
fibrovliants in vitro ad Lheir presuned  recombingnts.

serence 1908 1dy: 709,


http:Itoehro.jn

9.

Barchuin N, Vanainrongwan S, Sdrdasoibath S, sukosol T,
Pimolnan v, LEISA Tor the moasureeont  of  investinal
antiboly to Salmoneta Lypin protenn et len.  Astan Facific
JOAoryg Dinan 19484 21 e,

Dout I lard J7,  Hortoan 1. tnzyne-linkesd Launosorteent Assay
for  scroecning sonaclonad ahbibody projuction using ensyme -

Fabelled socond antiboly. Fethads bnzyimol 19sy: 92 Tor=74,

Barrett 1, sleke PA,  Brown SL, hoffman K, Mateullort Jd,
fecley Jo. Eoneyme-] st fnnimosorcent assay for dotecion
of hunen antibadies Lo srmonalla typhi Vioantigen.  J Clin
Mieroh 19435 170 hinag.



kh) - ™ f 4y - _Sl'ﬂ"l-ﬁ}
Lty

-
i

PROGRESS REPORT NO. 3

PRODUCTION OF MONOCLONAL ANTTIBODIES TO

SALMONELLALF THAT CAUSE ENTERIC FEVER

A RESEARCH PROJECT
USATD/PSTC PROGRAM

GRANT NO. : 936-55642-G-00-5059-00

SUBMITTED BY
DR. SUTTIPANT SARASOMBATI, M.D., F.C.A.P
DEPARTMENT OF MICROGRLIOLOGY
FACULTY OF MEDICINE SIRIRAJ HOSPITAL
MAHLDOIL, UNIVERSITY, BANGKOK 10700

THATLAND

Recd in SC: [EB 193 1987

5. 227

N



PROJLCT PROFILE

Countrs ¢ Thailend
Grant No. P 936-5642-G-00-5059~-00
Program : Program on Science and Technology Cooperation

Project Title : Production of monoclonal antibodi

es to

Salwmonellae that cause enteric fever

Precject Leader: Dr. Suttipant Savasombath, M.D.,

Organization : Mahidol University, Thailand

Co-investigators 1. Dr. Naputawn Bauchuin, M.

F.C.A.P.

b., Ph.D.

2. Mrs. Tagsanee Sukosol, M.Sc.

Project Congultants: 1. Dr.Pornchai Matanghkasombut ,M.D,,Ph.D.

2. Dr. J.F, Kearney, b.D.S.,

Autnorized Officer : Dr. Natth Bhamarapravati, M.

Pector, Mahidol University

Total Projecl Budget: US$ 147,740.00 (B 3,988,980

Project Duration 3 years

Reporting Poriod ¢ July 1, 1986 - December 31,

Hudget Allocation for This Period : US$ 17,488.00
B 472,169.00

Ph.Db.

D., Ph.D,

.00)

1986


http:472,169.00
http:17,488.00
http:3,988,980.00
http:147,740.00

BACKGROUND

Enteric {ever (typhoid and paratyphoid fever) still
remains o major bul  often underestimated public health
problem in less  developed countries  (LDC). Part of the
explaination of  this underestimation is due to the
difficatties of accurnte diagnosis by the Widal test and non-
availabitity of contirmatory hemoculture in much of  the
rural tropics, In rmproving  the situation, a2 low  cost,
csimple, rapid  and  accurante  diagnostic  test  that can  be
afrorded to be applied videly  and  can be  carried out  in
peripheral health care faciiities wust be devised  such  that
accurnte djiagnosis can be made  and  proper  treatment. given
and that a more  realistic  epidemiotogical  picture cean  he

monitaored,

Thisw dingnostic test chould vepresent an improvement
over the standard Widal tect and heanoculture, t.e., ne cross
reaction with other onterobacteriacene  which eause enterie
fever tike illinesses, the requivement of single  specimen  in
stead  of  paired  specimens,  and  accurate  result in the
patients with olinically proved enteric fever but have falsec
negntive hemoculture, Hence, this  test should provide
confident dingnosia with a single sample, preferrably in a
ranid, inexpensive and simple way, A logiecal approach is
that it should be nceurate, sensitive and specific detection

of the bacterium products,

Several droups of investigators have tried several
inmunological techniques, i.e¢., congglutination {1,2), ELISA
13,1 ete, for the Jdetection ol bacterial antigens in serum,
urine and other body fluids. Unfortunateiy all of the

efforts in this direcction have met. with the problems of



precigion, reproducibility and cross reastivities with other
enterobacteriaceac.  This problems can be attributed mainly
to  the antibodies used as  only conventional polyclonnl
antibodics have been cmployved.  The varintion of b .cterial
strains used Lo produce  antisera and  the uncertainty  of
abusorption procedures in reducing cross-reactivities make it
almost impossible to stundardize  such polyelonal  antisera

and the respective tests,

For acourate and specitfic detection of antigens of
Snimonel tae cnusing enterie fever, a secure  and  consistent
source of antibodies  will  be  required, Properly  deflined
clones  of  hybridoma  producing  monvcelonal antibodies Lo
gselected epitopes preaent o rational  approach Lo meeting
these requirements.  Once such clones are  choracterized  and
establiched, prodection of  veagents of  conststent quality
can be ensared and ot adard kits for o rapid, sensitive,
speciflic and inexpensive dindnostic test, t.o., ELISA can be
produced  and  the molecular components ol the antigenic
structure among these fonr species of Salmonellae which  are
spacific to  corresponding  established monoclonal  antibody

aarn also be difined.
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OVERALL ORJECTIVES

To produce mouse monoclonal antibodies (mAb) directed
to gpecies specific antigens of S.typhi, S.paratyphi A,
S.paratyphi B, S.paratyphi ¢ and common antigens among
them but  not  cross  ceacting with other enterobac-
teriaceas  that  commoaly  cause  oenteric tever like

tllnesyes,

To develop o rapid, sensitive, gpecific and  inexpensive
tmmunological test detecting  salmonella antigens in
urine and sern for the diagnosis ol enteric  fever and
tdentification o the causative species for epidemio-

logical monitoring.

To produce test kits that are simple and guitable  ftor
use ¢ . in rural  areas  of  LDC  where scientific

cquipments are nct readily aviatable,

To identify molecular components of  the antigenic
structure ot salmonellae which are sgpecific to mAb

produced in I.
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OBJECTIVES OF THIS PERIOD

To test the specificity and  efficiency of established
mAbs to S.typhi and to identify wole  ilar components of
the antidenic structure of S.typni  :hich are speecific

to established mAbsg,

To develope FLISA system using established mAbs for the

diagnostic test kit.

To develope and produce monoclonal antibodies to

Salmonella puratyphi A, S.paratyphi B and S.paratyphi C.

To recruit the sulbjects and collect the blood and
urine zpecimens tor the clinical diagnostic trial of

the ELISA test kits (cont.),



To test the specificity and efficiency of
established mAbs to S.typhi and to identify
molecular component s of the antigenic
structure of S.uwyphi vhich are specitic to

established mAhg.,



MATERIALS AND METHODS

(Cont. from previous progress reoort)
1. Speeificity determination by ELISA-inhibition

ELISA-inhibition was  performed to copfirm the
gpecificity of the selected monoclonal untibodies to S. typhi
protein antigen  (BP-S1). The: neatt monoclonnl  antibodies
from culture supernatant were mixed in equeei volume with BP-
ST to give final coneentrations 21 0,1-1000 /Jg/nﬂ in  PBS pH
7.2 and the mistures werpe incubnted at 37.'C, overnight,
After the itncubation, they were teosted for  remaining  BP-ST
specific antibodies by indirect ELISA  as  desceribed in the

gsereening test of previogs progress report,

o Efficieney determination for detection of BP-$T by double

sandwich ELTSA

The scelected  mAbs from  culture supernatants  were
used to detect BP-5ST by double sandwich  ELISA  (3). The
procedure was ns follows.  Rabbit  anti-acetone dried whole
cells  of  S.typhi  (RS-5T) was  diluted 1:500 in 0,05 M
carbonate butfer, pH 9.8 ard 100 ul per well wae andded to a
Microelisa Immulon 1 plate (Dyvnatech,USA). The plate was
incubated at 37 ¢ for 3 hours. Then 100 ul BP-ST which was
diluted from 2.1 to 50 /m/ml in 0.058% v/v Tween-snline wasg
added Lo vach well and incubated nt 37 C  for 2 hours. At
the epd of incubation, IUO/pl per well of each gelected mAbs
was added  and  waco incubated at 1 SC, overnight. Then
alkaline phosphatase conjugated Zoat anti-mouse 1g  (Southern
Biotechrnoiogy, Alabami, USA) which wrg ditluted 1:250 in 1%
/v BSA-Tween-saline was added and incubated at 37 C  for 3

hours. A freshly prepored p-nitrophenyl phosphate in
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substrate buffer was used ag substrate in the concentration
of 1 mg/m). The reaction wans allowed to proceed for 60
minutes and the optical density was measured at 405 nm,
During each step  before  substrate reaction, the
supernatant fluid wae discarded and the plate  wus  washed 3

times with 0.05% v/v Tween-saline,

3. Sodium dodecy! sulfate-polyacrylamide gel clectrophoresis

(ShS-PAGE)

SDS-PAGE was performed for separation of the S.typhi
protein antigens into small btands on gel prior to transfer
these  bands to nitrocellulose iilter membrane (Western
blotting) for usiny in identification of molecular component
of the antigens by ronetiag with gelected mAbs and

immunoenzyme staining (H).

3.1 Preparation of a siab gel

A glab gel wae performed on a 1.5 = 160 x 180 mm
3lab using a 1% acrylamide which prepared from a stock
golution of 40% w/v acrviamide (Koch Light Ltd, England) and
0.8% w/v N, N-methylene bisacrylamide (LKB, Sweden) in  0.375
M Tris-Hl, pH 8.8, The gel also contained a final concentra-
tion of 0.1% w/v SDS, 06.025% v/v  tetramethylethylenediamine
(TEMED) and 0.03% w/v ammonium persulfate.

When o the  separation  gel  was polymerized, the

stacking gel was prepared to have a final  concentration  of

2.5% acrylamide in 0,123 M Tris-HCl, pH 6.8, 0.1% w/v Sb§,

0.025% v/v TEMED and  0.005% w/v  ammonium persulfale, The
stncking ¢gel was loaded on top of the separation gel. The

gel wus allowed to have a complete polymerization at room

.
temperature for at least 3 heurs or overnight at 1 C.

AA

/
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3.2 Sample treatment
Fifty microlitres of protein antigen was mixed with
equal volume of sample buffer wvhich contnined a final concen-
Lration «f D,0625 M Tris-HC] pH 6.8, 2% w/v o 8hs, 1O%  v/v
glycerol, 9% v/v Z-wercaptocthanol and 0.001%w /v broemphenol
hlue as an indicator dye.  The Lreated samples  were  heated

in boiling water for 3 minutes before loading.,

3.9 Vertical elactrophoresis
One hundred microlitre o the treated sample was
loaded and  clectrophoresis  was  carried  out  in clectrode
butfer with 15°¢ cooling system  for  approximately 4 hours
Using o direct current of 30 mA/slab gel, When the  indieator
dye reached 1oem from a bottom of gel, the electrophoresis

was slopped. The gel was tuken out for Western blotting.
b Western blotting

The  separated  protein  bands  {rom  SPS-PAGE wvere
clectrophoretically  transfered  to nitrocellulose filter
membrates (Scehleicher  and  Schuell  BA 85, Germaeny) by =
Transbiat apparatus with 1570 cooling  system (LKL, Sweden)
abt 0 Vo overnight, A bufferp containing 25 mM  Trizma base,

Pd2 mit Glyeine  and  20%  v/v methanol  was  used in this

Hlotting (6),

b Immunoenzyme staining on nitrocellulose filter membrane
The  transfered  protein  bands on nitrocellulose
Filter membrane vere reacted with  the selectod monoclonal
antibodies or polyelonni antisera ard stained by immunoenzyme
method ng rollows. The  Lranstercd nitrocelluleve filter

membrane was soaked in 1% v/v Tween 20-PBS p 7.2 | ‘ween-PBS)
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at 37°C for 30 minutes, The unoccupied protein binging sites
on the filter membrane were blocked by 1tneubation in 3% w/v
bovine serum albumin (BSAY 1n Tween-PBS at room temperature
for 60 minutes on o rotated plateform, Alfter  rinsing with
Tween-pps, the filter membrane  waw incubated ut room

temperature for hours vith dituted ancibody  ir  Tween-PBS.

The autibody  was wither sclected  monoclonnl antibody  or

posittive control polyelonal  antiserum. After incubation,
the filter membrane was  washed 3 Cimes  in Tween-PRs, 10
minutes each time, The alkaline phosphatase conjuiated goat

Aanti-mounse o (hakopatty, Denmark) or  goal anti-human Ty
(Sidmi, USA) vy applicd to the membrane filter depended  on
the nature of first antibods, It wne diluted 1:1000 with 3%
/v BSA in Tween-PBS. The incubation wos performed  for 60
minutes, at room temperature.  Afler incubation, the filter
membrane was wvashed for 3 times. 7 substrates used were
rd B-naphthyl phosphatc (Sidma,UsA) and 60 mg  O-dianisidine
tetrazotyzed (Sidma, USA), cach s dissolved in 10 ml of
squbstrate  buffer separatels (7, Y. They were mixed
together  and filteved  Loefore  uge, The  substrates were
applied to the filter membrance and the reaction was  allowed
to proceed for 5 minutes, then the filter was rinaed with
tap water to stop the reaction,

The precipitate of substrate solution could be wiped
out. from the tilter menbrane by cotton wool sonked with
Tween-PUS before let it air dry. The red purple color was

scen on the reaction band.,

6., Moleculnr weight determination

The molecular weight  of any protein band on the

separated ¢l or nitrocellulose filter membrane could be
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determined by comparing its  electrophoretic mobility with
known protein markers (9). A linenr relationship should  be
obtained when the logarithms of  the molecular weights of
standarg  polypeptide  chains  were  plotted  against their
reapective elextrophoretic mobilities (RtE),

R = distance of protein migration

digtance of tracking dye migration

The distance was measured ffrom the top of the gel to
the center of the protein btond  or the dye. The protein
markers in this experiment were bovine piasma  albumin (66,0
Kd), g albumin (15,0 Kdy, bovine parnerease  trypsinogen
(241 0 Kd) bovine milk B-lactogliobulin {181 Kd) uand egg
white lysorsyme (1403 Kdiy. All protein markers were  purchased

from sigma, USA.
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RESULTS

(Cont.. from previous progress report)

In the previous piodress report there were 10 clones
ul hybrid selected, but untfortunately we  have  Jost clone
number X11:1D6G0Y. Henee wie have 9 monoclonal hybridomas at
the present, these hvbridonas vere divided into 3 groups  on
the basis  of  their isotypic  charaelerization an:d the
speertfierty tab e g

One representative clone from cach group  was  chosen
for farther stadies,.  They were olone  XI11:2D1i6, XIV:1D6F7

and XIVIAAZETD Cron group 1, 2 and 3 respectively,
Lo Specifivity of mabs by ELISA-inhibition

Thee 3 reypresentative ndbs vere used in ELISA-inhibi-
tion. Their activities weree inhibited by BP-ST at  various
concentraetions, i.e.0, 100 Pg/ml for mAb XITT:2DIEG, XIV:BAZ2EL
and ]hUP/uu/mI for mAb XIVIIDOFT, The increasing concentra-
tion of  BEP=-5T from 200 to (000 ng/ml could decrease
inhibition o1 XNIVIBAZE!D with no inhibition completely at 1000
w/ml (Figure 1), The specificity of these mAbs  were also

tested an Western blotting (immunoblotting) described below.
20 Bfticiency of mAbe

The  oculture  supernatant trom 3 representative
hybrids werpre used for  deteection of RP-ST at  the various
concentrations.,  The regults were shown in Figure 2 that the
mAbs from group 1, 2 and 3 could detect DBP-ST approximately

ot the concentration of 10, 5 and 0.1 pg/ml respectively.

(2 ")}
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J. Western blotting and immunoenzyme staining

The sepnrated protein bands of S.typhi and  standard
protein markers were transfoered  onto nitrocellulogse filter
miembrane . On the same transfered filter, the protein markers
were starned with Coomassice blue dye, the separanted protein
bands of S.otophi were stained with immunoenzyme  using mouse
anti-S.typul  antiserom {(MS-ST 1:100%), mouse  anti-protein
antigen antiscrum (MS-BP 1:i00), mAb NIIT:2D1ES (1:200) and
mAL XIVIIDEFT (10 100) as the specifice antibodies (Vigure 3).
The M5-BP could resct with more  antigenic  determinant. than
MS-S310 itndicnted that some antidente  determinants  in BP-ST
preparation hidden 1nside the  bacterial  ocell, Each  mAbs
e ted oy with ane protern band.  Both bLands had the  same
moleculnr weilght and oould be seen when the BE-ST jreparation
roacted with NIS-BP but not with  MS=ST. The  protein band
which reacted vith wAb XIVIILOFT  waes  wider than  the  band
reacted wpthopAb YT eDIEG,  The diffoerence in size of Lhe
reacted band:s sugdgested that both mAbs did not react exactly
on the wiame epitope.  The molecular  weight  of  the reacted
bands was determined from a standard curve of Coomassie  blue
dye stained protein markers  on the  same  filter membrane.
The result was that both bands had the same molecular weight
of 34,000 daltens (31,0 Kd)y and had the same relative
mobilitly (Rt of 0,51,

The transtered bands of  all protein antigens were
revenled by immunocnzyme  staining  with  their homologous
anlisern (Figure 1, LA). More  than 15 protein bands in
each protein antigons vere sceeoen.,

Both mAbs  were  tested for  their specificity by
reacting with protein antigens of S.paratyphi A, S.paratyphi
B oand S.paratyphi ¢ {(Figure 5), S.cholerasuis, S.enteritidis,

S.krefeld, S.panama, S.typhimurium, E.coli, Ps.pseudomallei
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and Y.enterocolitica (Figure 8. 7)., They could react weakly
with a band of protein of the snne molecular weight from S,
paratyphi ¢, S.cholerasuis and S.typhimurium although these

renctions could not be geen in ELISA for identification test.

e
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DISCUSSIO

The specificity of 3 representive mAbs were contirmed
by ELISA-inhibition and found that BE-ST could inhibit their
reactions.  The clune XIVIIDGFT needed more concentration of
BP-ST to  complete: inhibition, this may due to  the low
epitope density on the antigen.  The  clone  NIV:i8A2ED  which
s specific to Vi could be  inhibited by BP=ST  but  the
inbition was less at hidher concentration of  BP-8T. This
observation was found even Lhe osperiments were repeated  two
times and this patoern of inkibition was nol  changed by
blocking the remnining sites of  ELISA plate  after antigen
conting with 1% BSA {data not shownd, This clone also has a
cross reactivety with S.oparatyphioo (. As  we  know, Vi is
present in S.typhi, S.paratyphi ¢ and  rare strains  of
S.odublin (10).

The protein specific clones, XIIT:2DIE6  and XIV:
ID6ET, were characterizod further by immunoblotting, since
proteins can be sepnrated according to their sizes by  SDS-
PAGE  and  transtered onto the surface  of  nitrocellulose
ilter membrane  then fmmunocnsvmn staining or other
desirable assays can be performed with the retaining ability
of the transter antigen to Hind the specific antibody (11,12,
135, By the itmmuneblotting technique, each clone was  chown
to be specitic to protein band of BP-ST around the wmolecular
weetght of v K, The pattern of the staining bands were not
exactly the same, hence jt may be corncluded  that  the XILI:
ZDIEG and NXIVIIDGFT are not  exactly specific Lo the some
epitope  of  the protejin antigen since one  gprotein  band
separated by SDS-PAGE may contain a large number of proteins
with the same molecular weight  but  having different amino

ncid composition.
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To confirm the specificities of these protein
specitfic mAbs, imnunoblotting +ns also  performed with a
pancl antigens of 12 hacteria. The  results showed the
unexpected weak reactions of both  mAbs  with  P-SC, BP-SCh
and BP-STm, these reactions were not found in the previous
ELISA for identitication tests.  This obgervation nay be  due
Lo the more esposure of the hidden epitopes  of  Bi-ST after
the protein hags been separated by the high  resolving power
of SPS-PAGE which will increas.e the sensitivity of  Imonuno-
Llotting in ~ompartson with  the simple indirect  ELISA  on
solid phase.

Kan junahareatar has  studied  the characteristic ot
Salmonella Parber proteins by radicoimmunoprecipitation and
nutoaradiography, She  has found  that species specific
antigenic  component ot S.eyphi might  be a  single-chain
peptide with o molecning veight of approximately 68 Kd. Asg
n result of  thiys  observation, she has  performed  partial
purification of BP-ST by Sephadex  (G-200  gel tiltration.

Fhe tfraction which vas proved to contain specitic antigen of

S.typhi by ELISA  consisted  of several proteins with
molecuiar weight range from 36 to 68 Kd (td). Her finding

does not aperced exactly with us, since we have demonstrated
that the specific antigen of S.typhi is the protein with a
molecalar weicht of 31 kd. However, the results of  both
studies supported the idea that the specific antigen ol S,
typhi is possitble a protein or a  group of  proteing with
similar si1ze.

In determining the ability of  the established mAbs
for S.typhi antigen detection, double  sandwich  ELISA  was
pertformed with  various concentration of  BP-ST. The mADb
clone XIV:iHAZ2ELD could detect very small amount of BP-ST, its

gsensitivity is better than using the polyclonal rabbit anti
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BP~ST in the previous report (3).

regults were obtained when using  maAb

XIVIIDOERT,  Thease resultys  suggested

antibody™ or the  “panel antibodies”

mAt e o ie to different. epitopes

used in diagnogtio Lest,

18

However, the opposite
clone XII1T:2DtHEKG  and
that the "cocktailed

consisted of several

ot S.typhi snhould be
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CONCLUS 10N

Crude protein antigen ot Salmonelia typhi  (BP-ST)wasg
prepared according to Barber's method.,  S.lyphi strain used
e this preparation was  freshly  igolated from tyvphoid
patient’s blood.,  This BP-ST vas  proven Lo contain  small
mmount or Vioeapsular polysaccharide and  lipopolyvsaccharide
(LES)Y by double immunodiffusion method.

Bybridomns  Lroducindg  monoclonai  antibodicy {mAbs)
ngainal specifie antigens or S typiil have  been  vstablished
by the fusion of non-producer mouse wyveloma cells  (PANG3-
A . 6533 with timunoglobul in producing Iymphoceytes from
yuph nodes and spleen of BALB/¢ J mice  that  have been
tumunised with Bp-sT. The sercening assay for speeitic mAbs
was  indirect FLESA using PP-ST  as the ant igen. The
identification assay was alaso indirect FLISA using o pancl
of protein antigens  extracted  from 12 bacteria (S.typhi,
Separatyphi A, Soparatyphi B, S.paratyphio (0, S.cholerasuis,
Soenterittodis, Sokrefoeld,  S.opanams,  S.typhimuriom, I'.coli,
Pocpseudomal fod, Vioentorocolition) and  acotone dried cells
of Cojejuni. AL 13X bacteria using iit  Lhe ident.ification
tests  onn cause enboeri fever and  ceaterie  fever like
PHneanes. From 2 fusions (one lysph nodes  fusion and  one
splteen fusiony, 1 clones  of hybridoma were obtained.,
Among these 11 clones, 9 clones  which were gspecitic to
antigens of S.typhi vere solec ed, They ecould be divided
into 3 groups on the basis of isotypic  characterization and
specificitye. Group |oand group 2 consisted of 1 und 3 mAbs
respectively,  they were gpecific  to protein anligen of
S.tvphi but had  different  isotype, Loy, 14G2aK  for the
group | and IgGIK for the group 2. Group 3 consisted of §
mAbs which had [gGIK  isotype and Vi antigen gpecificlity.

AllL of them choved no reaction to LPS antigen. One  mAbs
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from each group way used as a representative, These 3
representatives wore tested by ELISA-inhibition and
immunoblotting for contirmation of specificity. They could
be inhibited by BP-S5T att the different concentration. In

immunoblottine, two mAbs  which were sgpecific tu  protein
antigen reacted with only one band of BP-ST that had 34,000
dultons (31 Kd) molecular weight, Both of  them could also
react very wveakly with a band of the game molecular weight
protein ot S.paratyphi ©, S.cholerasuis and S, typhimurium,
although these cross-reasctions were not  geen in  ELISA for
tdentitfication tests.  The eofficiency of  these mAbs were
tested by double sandwich ELTSAN, the mabs from group 1, 2
and 3 could detect BP-ST approximately at  tbe concentration
of 10, 9% anad 0.1 /u;,'/ml regspectively,  These mAbs  have been
subjected to a large scnle production by injected the hybrid
cells into peritoneal cavity of pristane primed BALB/e J
mice for obtaining the ascitic monoclonal antibodies. All
the valuable hybrid ¢lones  have  been kept in the liquid
nitrogen containers or the Future use.,

These established mAbs will be  of great value for
atudying the immunological  properties and the molecular
compouents of the antigenic structure of S.typhi and for
uging in  the development  of  the diagnostic test for
detecting S.typhi antigen in  the biological 7luid of the

patients.
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Group Clone Subclass Light Specificity Source of
number chain immune cells
I XII1:2b1K6 TueGen K protein lymph node

| X1V D IDGED
XIV 1 1b6EY [4Gl IS protein spleen
XIV 1 1Db6F7

[TL XIV :8AZEL
X1V :8AZ2EG
X1V H8AZE10 [aGl K Vi splecen
XIV BAZKFIO
XIV :BAZF12

Table 1: Characteristics of monoclonal antibodies specific

for protein or Vi antigen of’ S.typhi.
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Figure 1: LLISA-inhibition of the three selected mAbs
from culture supernutunts of clone XITI:2D1E6,
XIV:ID6FT and XIV:8A2E].

MCM = Myclomn culture medium
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Figure 2: Double sandwich ELISA of the three selected

mAbs for detection of BP-ST,

MCHM = Myecloma culture medium
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Figure 3 Western blotting of protein antigen of S,.typhi (Solpg/lane)
stained or reacted with
1. Coomassie blue dyc
2. Mouse anti-S.typhi antiserum (1:100)
3. Mouse anti-protein antigen of S.typhi (1:100)
4. MAB XTIIT:2D1EG (1:200)
5. MAB XTIV:IDGF7 (1:400)
6. Myeloma culture medium (MCM) as negative control

2-6 followed by immunoenzyme stalning.
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Figqure 4

Western blotting and immunocenzyme staining patterns of

prote in antigens of

1. 5.typhi 50/1(] 2. S.cholerasuis 100 P9
3. S.enteritidis 50 /Jq 4. S.krefeld 100 14

5. S.panama 50 P4 6. S.typhimurium 50 g

7. F.coli 50 P9 8. Ps.pscudomallei 100 Mg

9. Y.enterocolitica 100 Py
All were reacted with 1:200 dilution of their homologous

antisera.

™\



Figure 5
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Western blotting and imnuncenzyme stalning patterns of
protein antigens of

1. s.typhi 50 JI0 2. S.paratyphi A 50 )
3. S.paratyphi B 50 )u; 4. S.paratyphi ¢ 50 }Jq
A, Reacted with their hiomologous ant isera (1:200)

B. Reacted with mab Z1T1:201EG (1:200)

C. Feacted with mab XIV:10GoE? (1:400)

Arrow indicated protein molecular welght of 34,0 Kd,
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Western blotting and immunoenzyme stalning patterns of

the same entigens as Fig, 4 reacted with mhb XIII:2D1EG

(L:200). Arrow indicates protein molecular weight of

34.C wd.
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Figure 7

Western blotting and immuncenzyme staining patterns of

the same antigenc as Fig. 4 reacted with mAb XIV:1DGF7

(1:400). Arrow indicates protein molecular welight of

34,0 ¥d.

28
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After several trials, a wmodified double antibody
sandwich ELLSA vas chosen Lo be  the system used in the
diagnostic tegt kit for devection of  S.typhi’s antigens. A
monoclonal antibody XIV:84Z2E1 which is Vi specific, was  used

a8 a model .

MATERLAL and METHODS

Veronal buffe rlracted antegen (VBE Ag)

This antigen which vas used in the experiment  could
redsemble the antiden o the paticnt’s specimen  since it is
cruder and contains more Vi antigen than the protein  autigen
(BP).

Thia untidgen was  gimply  preosred by adding  0.15M
Veronal bufter pH R.1 to anctone dricd  S.typhi bacilli  and
incubnte at 377C overnigzht  with  continucus starring. The
clenr extracts vere collented by 12,000 ~ ¢ centrifugation
nt 1 C For 20 winutes ana dialvaod adgainst  distilled water
at 1°¢ tor gvernight ., The dialysed was filtered Lhrough a
O.45 pm millipore filter membrane  and  was  determined for

protern concentration by Lovry method as moditied by Hartree

L]
(1), then stored at -70 C until used.

Rabbit anti-VBE antisera were raised in 2 NZW/
California rabbits, each weighing approximately 2 kgs. The
route of immunization was subcutancously. Each rabbit was
immuniced 6 times, at, | week intervatl, with 1.2 mg of VBE
A in inconplete  Freund's adjuvant., The antisera were

tested agninst specific antigen by double immunodiffussion.


http:itit,.ly
http:rabbit.Ui
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Only gserum surnles huving antibody titer »1:16 were pooled
and uged for the preparation of anti-VBE [¢g by ammonium

sulphete precipitation.

ELISA syutem develoed

The optirsum conditions used in varinus steps of  Lhe
ELISA were chosen after the standardization of the assay,
carried out with rabbit anti-~-VEE [ nnd mAb XIV:BAZ2El as
immobilised and second antibody respectively. They were as

folloos.,

gmount/dit  btemp Lime
L¥* Ab for coating the plate 10 pg/ml 1'C over night
Antigen - 37 ¢ 3 hrs
2nd Ab 5 pg/ml 31°C 2 hrs
Anti-rabbit [gG-alkaline 1;2.000 30°¢C uver night
phosphatase conjugante
Anti-nouse Ig-alkaline 1:250 30°C aver night
phosphatas,: conjudat
Substrate - 37°C I hr

First experiment

Rabbit anti-Y¥BE lg was diluted in 0.05 M  carbonate
buffer, ph $.48, containing ¢.1% sodium azide, to a protein
concentration of lnlﬂﬂ/ml. One hundred microlitres of the
solution was added into ench  well of Dynatech Immulon 1R
microclisn pletoy {Dynntech Produlta AG, Klonten,
Switzerland), vhich were then tncubated at 1°¢ for overnight.
After that, the platea vere waghed 3 times with phosphate

buffered galine-tween 20 (PBST) and tapping cdried. One
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hundred microlitres of VBE Ag in variovus concentrations
diluted in PBST was added to each well and the plates  were
incubated at 37°C for 3 hours. Each specimen was assayed  in
duplicate.  After 3 washes  with  PBST, 100 )11 of  second
antibody which was  mAb NIV:BAZED  diluted in PBST to a
concentration of 5/1\:/ml was added to cach well,  The plates
were then incubated at 1o For 2 hours. After washing, 100
ploob rabbit Gnti-mouse  Ig-atkaline  phosphatase conjugate
4<iilut.mi PIZ50 in PBST containing 1% BSA  was  added  to  each
vell and fncubncted gt RS for over night. The excess
conjugatse was washed out 3 times with  PBST  and 100 )JI. of
substrate solution (p-nitvophenyl phosplate, Sigma  USA)  was
added o ench weill,  The reaction was allowed to  take place

T

at. 47 for I hour and stopped by the addition of 25 /'11 3 M
NaOH.  The absorbance value was  read spectrophotometrically
at 105 nm (Titertek ‘lull.islmn‘!‘), Flow Laboratorcy, Germany).
n cach  assay, negative  control, conjugate control and
dqubstrate binnh were also included. One  hundred microlitre
ot PRST wan substituted for the antigen in negative control,
for both the antigen and  mAb NIV:8AZEL in  the conjugate

control and also for conjudnate in the substrate blank.
Seeond experiment

The seeond oxperiment  was  performed by using mAb
XIVIBAZE! as the first antibody for coating the plates and
rabbit anti-VBE Ty¢ as the second antibody. The procedure
wias exactly the same as the first  experiment. The purpore
of this cxperimeat was to see whether which one could give

the better result,.



RESULTS
The result between 2 modified double antibody
sandwich ELISA systems was shown in figure 1, It can be

scen that the firgt svatem, using rabbit anti-VBE lg as  the
first antibody coating the plate could detect VBE Ag  at  the
minimal level of approximately 5 )u{/ml. vhile the second
avstem vhich used mAb XTVIBAZED as the lirst, antibody  could
detect the  same antigen  at much lower consentration
{approximately (.2 )m/llul). Retference  to these results,we
have decirded to use the second assay system tor testing  the

clinicni specimens of the patients,
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n—D'U
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VBE antigen concentration (}xg/ml)

Dose response curves obtalned from the assay of VBE antigen
at various concentrations, with ELISA using either rabhit anti-VBE
Ig as the lmmobilized first antibody and mAb XIV:BA2EL Iy as the
second antibody (D'--D- —D) or vice versa (+ __+__.+)_

Plates were coated with the first antibody concentration
lO/xq/'.nl, at 4°C overniqght.

The antigen was incubated at 37°C

for 3 hours. Secona antibody was used at a concentration of

5/1.1(1/m1 and was incubated at 4°C for 2 hours. Conjugate and

substrate incubation conditions were 20°C overnight and 37°C

for 1 hour respectively.
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OBJECTIVE [II: To develope and produce mAbs to Salmonella

paratvphi A, S.paratyphi B and S.paratyphi C.

The materials and methodyg used in this experiment is
exactly the same as developing and producing mAbs to S.typhi
preriously degcribed, except the immunization part which
ZOOlﬂg mixture of  equal amount of protein antigen trom
S.paratyph: A, S.paratyphi ¢ and S.paratyphi B was givea tlo
cach BALB/¢ J  mice in stead of  the protein antigen  of
S.typhi. The bywmpb nodes and spleen fusion with Ag 8.652
mouse mycloma cells were pecsformed, more than 300 monoclonal
hybridomas were observed.  Wooo are now  in  the process of
screening to gselecit the clones which have gpecitficity to
cither S.paratyphi A, S.paratyphi B, S.paratyphi € or the

common epitope(s) of these 3 bacilli.

OBJECTIVE IV: To recruit the subjects and collect the
blood and urine specimens for the c¢linical

diagnostic trial of Lhe ELISA test kits

At the present, we have sera and urine gpecimens from
hemoculture positive patients as tfollows, 14 S.typhi
positive cases, 27 S.paratyphi A positive cases, 13
Salmonella gr., B positive cases, 7 Salmonella gr. C positive
cases, 12 cases of gram negative rod other than Salmonella
app., 10 cases of gram positive organisms and 46 healthy
normatl controts,

We plan to pertorm this activity further until we can

obtain sgufficient number of the specimens.
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WORKPLANS FOR_THE NEXT PERIOD

Development. and production of monoclunal antibodies
to  S.paratyphir A, S.paratyphi B and S.peratyphi C

{cont.).

Identifice*ion of molecular romponents of S.paratyphi

Ay S.ope Loyphi B and S.paratyphi .
Further recruitment of the subjects and collection of
blood and urine specimens for the clinical diagnostic

trinl of tahe ELISA test kits,

Esatablisment of ELISA tegt kits (cont.).
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BACKGROUND

Enteric fever (Lyphoid and paratyphoid fever) atjll
remains o major bul often  underestimnted public  health
problem in less  developed  countries (LDhC), Part.  of  the
expleination  of  this  underestimation ig due to the
difficalties o aecurate dingnonis by the Widal tast nnd non-
avii bnbility of  confirmnt ory  hemoculture in much of the
rurnl tropices, In improving  the gituation, n low cost,
tample, rapid  and wecurate diagnoat e tegt, that can be
nlorded tog be appliod widely and  can be carried  out  in
periphernd henlth cure facilitios must be dovi sed  guch  that
necurnte dingnosis can be made and proper  treatment  given
and that wemore  rendistic epidemiologionl  picture can  be

monitoped,

This diagnostic test should represent. an improvement,
over the standard Widal test and hemoculture, ive,, no cross
renction vith other enterobneteriscene which caude enteric
fever Tike illnesaes, the requirement. of gingle  specimen  in
stend of  pairved  specimens,  and  aceurstboe result  in tLhe
patientys with clinicnlly proved onteric fover but. have falsge
nedative  homocu) ture, Henoeo, this test  gshould provide
confideat dingnosia with a single sample, preferrably  in a
rnpid, inexpenaive nand simple way. A togienl approach is
Phist it should be nccurato, sengitive and specific detection

of the bocterium product g,

Several groups of investigntors have tried spveral
immunalogiog) Lechniques, d.e., congglutination (1,2), ELISA
{(3,1) ety for the doteclion of bancterinl antigens in ferum,
urine and  other  bhody  fluidg. Unfortunately all of the

offorts in this direction have met with the problems of




precision, reproducibility and ¢ross reactivitieg Wwith other
ent,urohn(:Le:rim:mw. This problemg ean be  attributed mainly
th the antibodicg  uged ns  only conventional polyclonal
anbibodieyg huve been cmployed, The  variation of  bacterial
atrning ugod to produce antisern  and Lhe uncertainty of
nbsorption procedures iy, veducing crosy-reanclivities make it
almost impouaib]e Lo standnrdize such  polyelonnl antigera

and the respective tLegty,

For ancoupanta and gpecifice detection of antigens of
Snlmone | 1 ne CRUSING entopieo fover, a qeoure  and congistent,
qource of antibodijes will  he required, Properly defined
clones  of hybridomn producing monocionnl antibodies to
Selectad Cpitopes presont g rationn] approach to meeting
these roquirement . Onee such clones nre characterized and
catubliaghoed, production of rengents of  consistent qual’ Ly
enn o be anmired gpd standnrd  kitg for a rapid, sensitive,
apecifico nnd inf-,\pum;i\'n dingnostice toegt, i.e., ELISA can be
produced  pnd the  maleoylngy components  of  the uantigenic
Stracture nmong Cheee four specieg of Salmonellne whijch are
Specifio L corresponding  catablighed monoclonal antibody

enn algo be deflined,

o\
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OVERALL_OBJECTIVES

To produce mouse monocional antibodies (mAb) directed
to gpecies specific antigens of S.typhi, S.paratyphi A,
S.paratyphi n, S.paratyphi ¢ and common antigens among
them but not  crogy reancting  with  other enterobac-
terincene  that  commonl Y chuse  entoeric fever like

illnesses,

To develop o rapid, gensitive, specific and inexpensgive
imaunological  tegt, detecting  galmonella antigens in
urine and sern for bLhe diagnosiy of enteric fever and
identificntion of Lhe cnusntive species  for epidemio-

logicnl monitoring.

To produce Leat kits that are simple and  sguitable for
usge o evenin rural  areas  of  LDC  where acientific

cquipments nre not rendily anvailable.

To identify molecular components of the antigenic
sbructure of  aalmonellae whice are s8specific to mAb

produced in .


http:uauot!.iv
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OBJECTIVES OF ‘THIS PERIOD

Development. and production of monoclonal ant.ibodies

to S.paratyphi .
Identification of molccular componenls of S.paratyphi C

which ia gpecific to the established mAbg.

f'urther recruitment of the subjects and collecticn of
blood nnd urine specimens for the clinical diagnostic

trial of the ELISA test kitg.

Eatablisment of ELISA tesgt kits (cont.).

e



OBJECTIVE 1 : To dovelop and produce monoclonal antibodies

Lo S.paratyphi C.

OBJECTIVE 11: To identify molecular components of S.paratyphi

C which are specific to established mAbs.



MATERIALS AND METHODS

All bacterin used in this stud; can cause enteric
fever and enteric fever like illness. They were as follows,
S.typhi, S.paratyphi A, S.paratyphi B, S.paratyphi ¢, 8.
cholerasuis, S.enteritidis, S.krefeld, S.panama, S.
typhimurium, Escherichina coli, Pseudomonas pseudomallei and

Yersinia enterocoliticn.

Prepavation of protein antigens

The protein (Bp) antigen from all bacteria except
C.jejuni were prepared by  the method ariginally described
by Barber (5). Briefly, washed and ancetone dried bacterial
cella were extracted with  veronal buffer pH 8.4 &and the
protein was precipitated out of the veronal buffer extract
(VBE) by trichloroncetic acid,  The precipitate was washed,
resolubilized, lyophilized and stored at 4°c until used.
The proteiu content was nssayed by the method described by
Lowry and as modified by Hartree (6), This antigen had
small amount of lipopolysaccharide contam’nation as confirmed
by double immunodiffusion.

The C.jejuni was used asg acetone dried cells antigen

in this exporiment..

Production of monoclonal antibodies

Female BALB/eJ mice 6 to 10 weeks of age [kindly

provided by Division of Veterinary Medicine, Armed Force
Research Institute of Medical Science (AFRIMS), Bangkok)
were immunized with Bp antigen from S.paratyphi C once every
3 days for 15 days subcutaneously into 2 footpads, 2

axiltlary and 2 inguinal arecas and also intravenously (7).
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One day after the lnst administration of antigen,
mice were sacrified by cervical dislocation, The axillary
and inguinnl tymph nodes and one sdpleen ware aseptically
remnved for hybridization with P3Ix63-Ag4.653 mouse myeloma
cells by wusing q92% polyethylene dlycol 4000 (Accurate
Chemical nnd Scientitice Co., Wedgtbury, NY.). The fused
cells were dispended  into 24 well  tissue culture plates
{Costar, Cambridge, Masd.) in  the presence  of ayngenecic
mouse peritoneal fecder cellg and cultured at 37 C with 80%
humidity and 7% CO,., Hybridomas secreting specific
antibodiey were cloned by gingle dilution method in the
presence of gyngencic mouse peritoneal feeder cellg, About,
7 deys  after cloning, the hybridoma could be seen by
minroscopy and each well wag dcored for monoclone.

Indirect EH'-_'J_'\.._f_f;’!iumf_\_'l.,,.55_9.Ii!i&‘_f_l.i_ﬂﬂ__&!ld Specificity testing

Hybridomna secreting  gpecific antibodiesn against
antigens  of S.paratyphi € were detected by indirect
enzyme-) inknd tmmunosorbent assay  (ELISA) ag described by
Banchuin et p) (8) using panel protein antigens of S.typhi,
S.paratyphi A, S.paratyphi p, S.paratyphi C, S.cholerasuis,
S.enteritidis, S.hrefeld, S.panama, S.typhimurium, E.coli,
fs.pseudomal lei, Yienterocolitica and dried whole cell of

C.jejuni,

P&L‘?_IL'.T!.J.D!LU,.K?LL..Q,fi‘[!',/l.b,_Lﬂp_t.i.}’_mf_-i

Culture aupernatants of hybridomas secreting specific
antibodies were charncterized for their isotypes by indirect
ELISA. The procedure wng the same as in  mAb screening and
specilicity testing except. alkaline phosphnuase—conjugnted
gont anti-mouse IgM, [4G1, 1#G2n, 1IgG2b, IgG3, K and A
(Southern Biotechnology, Birmingham, Ala) were usged instead

of the anti-mouge polyvalent 1g,
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ImmunoblogmygchniqqgwﬁgngU)specificity testing and identi-

fication of molecular_component of S.parntyphi C

The protein antigens of 12 bacterin were analysed by
sodium dedecyl wultfate polyucrylomide gel electrophoresis
{SDS-PAGE) by the method originally described by Laemmii (9),
in LKB 2001 vertieal clectrophoresis unit (LKB-Produkter AB,
Bromma, Sweden). After electrophoresis, the proteins were
trangferred to nitrocelluloge by a Transblot apparatus with
IS.C cooling gyaten {(LKB-Produkter AR, Bromma, Sweden) at 90
Vioovernight, The nitrocellulose membranced were washed with 1%
(vol/vol) Tueen 20-PHS (pll 7.2) at 37°C for 30 minutes and
unoccupied binding site was blocked by incubation in 3% (w/v)
bovine serum albumin in Tween-PBS at room temperature for 60
minutes on o rotated platform. MAbs diluted in Tween-PBS
were added to the membranes,and they were incubated at room
temperature for 2 hours. Aftor the membranes were washed
Wwith Tween-PBS, alkaline phosphatase-conjugated goat anti-
mouse polyvalent g (Dakopatts, Glostrup, Denmark) was added.
The  incubation  was performed for 60 minutes at room
Lemperature. Red purple color development wasg accomplished
by incubating washed membranes in the mixture of 4 mg P-
naphthyl phosphnte (Sigma Chemical Co., St. Louis, MO) and
50 mg O-dianisidine tetrazotized (Sigma Chemical Co., St.
Louia, MO) (10,11) for § minutes, then the filter was rinsed

with tap water to gtop the reaction.
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RESULTS AND DISCUSSION

By indirect EL1SA uging a panel of |2 Bp antigens,
dried cell of C.ojejuni, LPS antigen and Vi polysaccharide
antigen from Citrobacter frundii, 5 clones ot hybridoma
were gselected for further investigntion (Table 1), Their
originality (lymph node op spleen) isotypes and gpeciflicity
(protein or  vij nntigen)  are  ghown  in Table 2. Four
clones roncted with protein  antigen of S.paratyphi ¢ and
Socholernsuis, and ono clone rencted with Vi polysaccharide
of S typhi and S.paratyphi .

However, the result of immunoblotting using Lhe four
mAbs (clone JB3DIL,  1c4Bs, 16A1GLZ, 16CAF!1) which were
specitfic Lo protein antigen revealed that these 4 mAbs  had
Cross renction with protein antigen of other bacterin in  the
pancl begidegy Soparatyphi ¢ and S.choierasuis.,  Hence, the 4
selected mAbs would not be ugseful for  further investigation
and another fuizion should be tried for the hope that the
clone(s) apecific Lo protein antigen of S.paratyphi € will
be obtained,

The mAb specific to common Vi polysaccharide antigen
of S.typhi and S.paratyphi ¢ (clone 5C3CY) is being tested
Ly modilied donble antibody sandwich ELISA  for ity ability

to detect Vi untigoen.

In vivo Inrge senle production of mAbs

Five hybrid c¢lones from the previous reports namely
STPI3 (wpocific Lo protein of S.typhi), 8TP14 (specific to
protein of S.typhi), STViiA {apecific to Vi polysaccharide),
SPAZ20 (sapecific to protein of S.paratyphi A) and SPB20
(apecific to protein of S.paratyphi B) were injected intra-

peritoneally to BALB/cJ mice. The resulting ascitic fluid
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was analysed by indirect ELISA for their specificity before
further Purification, The procedure used wag the same ag
indirect  EL1SA For  maAbsg sereening  described above. The
result is ghown ip Table 3. sora of every healthy BALB/c
mice already  had high level of natural antibody te
enterobactorinoeena including bacteria which caused enteric
fever  1iked Fllness,  Theye polyclona) nntibodies could
diffueae  into peritaneg) cavity where ascitic fluid wag
indncod, Hence, contamination of wAb in  the agscitic fluid
with polyclonnl] antibodics fronp Systemic  circulation could
not be avoided., we conclude that large scale production of
mAb gpecific te Any enterobncterincene ¢an not  be performed
in vivo sydtem unless the germ free mice are used, Since
the gorm freoo mice nre too expensive and  ape not pregently
available ip Thailand, the only way to produce large amount
of mAb ig Lo uge the tissue culture gysten which provides
very gamall amount, of antibody, However, this work is now in

Prodress in our laboratory,
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9B3C11 0.134 0.144 0.133 >2.0 0.331 0.134 0.117 0.128 0.108 0.121 0.123 0.169 0.147 0.153 -
4C3B5  0.134 0.138 0.140 1.605 0.806 0.130 0.121 0.130 0.122 0.147 0.138 0.129 0.184 0.141 -
1641G12 0.134 0.135 0.127 1.410 0.238 0.148 0.111 0.125 0.15] 0.141 0.122 0.144 0.162 0.158 -
16C4F11 0.126 0.127 0.131 1.454 0.630 0.13% 0.132 0.127 0.109 0.134 0.136 0.138 0.153 0.145 -
5C3C9  1.391 0.134 0.137 0.704 0.147 0.125 0.132 0.133 0.119 0.146 0.126 0.130 0.166 1.695 0.122

Table 1.

Optical density (OD) value of xonocleonal antibodies from culture
against panel antigens. The cut off OD value was 0.207.

15

supernatant
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Clone Isotype Specificity Source of

immune cells

IB3D1I I gMK protein spleen
4C4RB5 IgG3K protein spleen
16A1G12 IgGLIK protein gspleen
16C4KF 11 I gMK protein apleen
5309 TgMK Vi spleen

Table 2. Characterislic of eatablished monoclonal antibodies

A
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STP13 1.529 0.803 1.548 ¥2.0 ¥2.0 0.802

STP14

0.546 0.287 0.312 0,554 0.836 1.213

STvill 0.304 0.168 0.212 0.379 0.604 0.935

SPAZ0
SPB20

0.825 1.845 0.611 0.899 0.960 1.087
0.254 0.474 1.359 0.484 0.842 0.776

X sern control  0.805 0.679 0.642 1.045  »1.451 31.481
(30 mice)

Table 3.

Optical density (0D) value or nscitic fluid against
panel protein antigens.  Mean ob of geran obtained
from 30 healthy mice without hybrid cells injection

are also shown. The out off OD value was 0.207,
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OBJECTIVE I11: To reeruit the sgubjects and collect the
blood and urine specimens for the clinical
dingnostic  trial of the ELISA test kits

(cont.,)

Since the incidence of enteric  fever in Bangkok is
much reduce ¢t present., we are now hardly obtain the sera
and urine gpecimens from such patients, Howaver, we gtill
perform  thig activity and hope  that we should obtain
sufficient number  of  Lhe specimens  within  the next few

monthy.

OBJECTIVE IV: To  establiah an  ELISA test Fkit for the

dingnosia of enteric fever.

Wee  have developed  the modified double antibody
sunwich ELTSA as deaoribed in the previous progress report
for using in elinical trinls  of egtablished monoclonal
antibodies with the clinical  apecimens. The clinical
dingnoatic irinls uding mAbs from culture supernatant should

be completed in the next reporting peroid.
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WORKPLANS FOR 'THE NEXT PERIOD

Development.  and  production of monoclonal antibodies

to S.paratyphi (.
Identification of molecular components of S.paratyphi ¢

which ia specific to the established mAbs.

Further recruitment of the subjects and collection of
blood and urine specimens for Lhe elinical diagnostic

trinl of the ELISA test Kitsa.

Establigment of ELISA test Kits (cont.),



