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ARSTRALT

Several hybriduma cell lines producing morine monoclonal sntibodies (MAbs) directed agninst outer mem-
heane components of the Gram-negative chizosphere bacterinm Azospirillunt drasilese Sp2435 have been es-
tablishivd wnd charnetecized, Whole bacterinl cells were used as immunogens. Among the clones olitained, 14
hybridama cell lines were selected for further charvacterization. Eight 3MAbs were strafn-specific and 6 MAhs
showed ernss-reactivily with a closely celatad steain Azospirillum brasilense Sp246. According to the bios
chemical characterization uf the aotigenic delerminants, MAbs were classified mto four groups. The corre-
spanding antigens were lipopolvsaccharides (vlass 1) and an onler membrane protein (class 43, which is com-
mon b Azespirillum brasilense Sp243 and Azospirillum brasilense Sp2ae as well us two outer membrane proteing
(class 2 aml cluss 3) that are chavacteristic for Azespirillem brasitense Sp243. The number of antigens per cell
varied feom 4000 (elass 1) to 100 (class 4) I cach class high aifinity MAbs weee identified, which made g

sensitive direct quantifieation of Azospleillum bravifense Sp243 possible,

INTROBUCTION

B,ﬂ.m EItla OF TIE GESUS Asaapici i belong o the group of
aeprofentusteris Y They have been-isplited nesinty from
the Hhbzosphiers of 4 variely of tropical aid subtrepical plantst™
Their potential o (i asnosphierie sitopen™ imd 1o produge
ditferent phytohonmones®T 18 of grewt imerest jo enhance grop
arowil uing baetern] dnocutsnis: Theamoest marked, elleets af
Arospiniliue wocalation are morpholse el chasges Bdueel in
the toul systism, Sy stidies have demonsivated: positive of
feels af eedtsion o reat paemebers, suli pg oot length,™
oumbner o Taters ] oo ™ inersise in e number oF ool hais,! ™
dnel chanced cell division in the rounmeosien™! Doe o hese
prperiies, bucienia of the gems Azcxprdfivn are conatiloned o
potentind plant growih-promoting thizobactedn PG PR, Eifects
of Azoprirititt fnosulistbon oo the total yield of febd grown
ervgrs peherally rge frodn [0 00 30% inerease 00 Tlhege -
grate  yidld aivibited. w0 inpceluien  with
Azpypifetifuin, arg suflicient o be commercslly impotant, if

tncrensey,

they coulid be obtuiped consistently, In contrust 1o the very sjpe-
citie Ahizbiem-legumies syidijosts, Azespiriffum straips inlors
set-with o vardely of different crop planes.t! ™ Azogpirithom col-
omizes the roois mostly extenmdly N They form small
agrprepates on the ot sprfuce and are eonboddid in e pueigal
layer ™ However, ilis to the: possibitity off displucemant by
othor laeterk) apecies, the number uC Acoypiedfium in the thi-
susphere b4 montly variablet® Y and dejémds on the bucierinl
st L s Been demonsirpted for e stoain Aczespiesfum
lesasilense Sp2as that ivis able w colonize the root interior. e
Foswas Freqoenthy foned nitrmsefu e sperces of fns coneg ml
e vascubar ystem of whest™ T Albeugh woost diaesphons
bacterin ae nel able o pedetame uto the oot Enterior,
Azespiivillim biaddferse Sp2a5% cin eotonise the mor interior
very elfeciively.

Experimunts desenbing the colonizatian of crop moots by
Azpdrilium Prasilense Sp2aS were petlormizl in sicenie sys-
emst™ To qumtily il loewllve Asoxricifnm . brosilense
Sp2a5 i nemstovles sail ysteng: shtineg pevitic aonaelonl -
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tibadies (MAbs) for Azespiillim brastlense Sp4s were pro-
duced,

Thig paper descrilics the produtction snid characterizition af
the sirmin-speciile’ monodlonal antibodies. for Azospirifim
Brasilense SpAA5: The supermamms of hybndoma cells were
screencd by epeyme-linked Jnmunosorbent assay (ELISA) on
whole cells to salect MADs that dewect cell surfize antipens, The
specificity of the selecied MAbs was tested sgainst different
strziing of Azaspicilliem brasifente, viher Azospirillm species,
and a pane] of different bucieria represeming ihe bacterinl mi-
crollornof he rhizosphore. Antigens of the selected MAbs were
:hmcl:ﬁ:tml tochemically by onc-dimenstonal {10) and pwo-
dimensionsl (20} gel electrophoresis of the outer membrane
companents of ‘L.mpﬂﬂum brazilenye Sp2as and weshern Blot:
ting. The number of antigens per cell wag determined by im-
munogold-labelivg and  mansmission eloctron  microscopy
{TEMY of embedded dnd alirathin sectioned baotevia. The sen-
sitivity: of the MAbs was detegmined by o gunmiiative m-
munogssay based on chemoluminescence:! ™ Tnformution abou
tifferences in the affinity of the MAbs bifding to the same nlill_-
gen wad investigaied i @ displacement experimen.

MATERIALS AND METHODS

Bacterial strain and cnltovarion

Thie bacterinad strmin Azogprilfins Brastlinge sp2ad hns heen
fsolhteed from an immer poot sissue o wheat "™ and chareteieed
a% Azosprifluns Seisilense by physiological propestics and bis
23 5 rRNA petitinl sequence ™ Al dther hiicteriil strains were
abined from the German Collection of  Microorgan sms
(DEM, Braomschwele, Germany), the Amenicon Tvpe Cultare
Colleetion (ATCC, Rockville, MG, anc the Eabomtorium voor
Mictobiplogie {(LMG, Cens, Belghun) ANl string were séawn
oyernight in Luria Broth medicen (LR,

Mal production

Female mice BALB/c, 6-8 wecks old were immunized on
dlay O by intraperitaneal (ip) injection with 107 living bacteri
tim 100 jab 10 vk Fris-HCL pHo#) Thiee shnllar infections
were done an days 21, 42, and 36, Five days dafter the [inul
‘bopur XE3ApR cells- wepg fused, according 1o Gallre ond
Milstein, M with spleen lymphooyies fiom the ammonized
monge, Culture supermatans wepe sereencd |4 days aller Fusion
for their comtent of antibodlics agninst Arospivillon trasifense
Spl_’!alj. Eells/ from poshiive: wells went reclomedd several times
ered el pe suporitants were tested senine) o el of bacte-
via, Hybridamds 6F-iterést were cloned, The isorype anil Jight
chisiin fype ol flie MAbe wis detenninid by ELISAL The MAbs
were purified by separating fromorther servmy proteinswith pro-
feinA treatrent (=R, Monich, Germnny ="

lmueniessays

All Imunegsays were perfoimcd o PEwell PV nw-
crofiter plates (Flow, Meekeohenm; ooy ) with-an antirab
bit-peroxidoseconpled secondaey - antibody  (Ameriham,
Armunschwetg, Cerminy) and ABRTS (Boalidogern, Moanheim,
Cremmming b s ubveteate. This drantititive TFEIINELLSRAY AR fier-
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formed in 96-well white-caldred PE microtiter plares (Metlin,
Hamburg, Gormany) with an anlimbbit-peroxidise-couphed
secondary letibody and luminol (Amersham) as substrate. 1)

Affinity displacement

A binding expedment (displicement stody) was used to com-
patre the aifmly of MAbs, which bind to the-same sntigen, A
noplubeled (cold) MAb competes with u. peroxiduse-labeled
(hsty MAB for the antigen binding site. The hot MAbs were
conpled with perozidise (Sipma, Munich, Germany).=™ Then
107 pells/well of 4n ovemight eulture of Azospirillum brasilense
Sp2ds were sorbed to g 96awell white-colored PE microtiler
plate (Medlink''® The micromier piates were incubated,
blocked, meated with the pc:m:.ldm‘c coupled MAb (50 ng
MABwell), and washed ' Afierwiind the cold MAb was added
in different umourits, The:milerotiter plates were incubuted for
Sk i room tenrperatune und wished (ive times. For the de-
regtion of the kit MAb that was $till bound after displacement;
lutninol wis whed 179

dsnlation of vuter memlirane proteing

Chnter micmbhring components were: isolated by the method
teseribed By Dachkawor and GhashH with some -modifica-
tions, About 4% 10V suionary phase cells grown in L4
medinm were wished twice with L0 taM Tris O pH & The
wished cells were sonicated for 6 min ut 80°W. The unbroken
cells were removeld Ly centrifugation for 410 i g S0004. The
supe ratint was centnfuged it 600,000 for 30 1in w1 57C. The
pellet, consisting: of -the: crude: ehvelape fraction, wes: resus-
pended i 8 ml of o 0mdd Tas-HCT buffer, pH & contaipng
3% N-lasvybsarcosing Aftes incubation for 30 min a0 28°C,
thee puspension wis centrifinged an 60,000y for 30 min, a 57
e pellet containing thie outer membrane composents wis e
suspended in 100 gl of 10 M TrissHCT buffer, pH 82 It was
alown by Bochbowat dad Ghasl thie ihis procedure yiehis an
Azospiritfom bracileisse omter membrure proparation thal iy not
significaptly commminued with eytoplasmatic or inner men-
by proteins (NADH nxidase and succinate deliydrogenase
aetivity: wis memsuned), Subscquently, proleins were lsolatey
by phenol extraction.!™

Lipopeldyvsacvhiride extraetion

Cuiter membrnes wire prepored as doscribed above using
1% 1 0% stationary phase cells (grown ae33°C in LB-medinm},
bur tie-final phenol extmetion. was cmitted. Thie Bpspolysae:
charide fractton was obtained by projeinse K aetment (23
rapfinlh 4t 37°C overigha =

112 and 20 gel electrophoresis

03 gols wernidoite s SDS plyicrylomide pore gridient gels
QLO-DD9S with 4% stackinggels ona horzonial apperitines
prepared according to Lusemmii P The dimensions of the gels
wizte 300 % 20 % TVED cin Tris=[E 1 (0375 M) pH BB was ipeal
s el buffur. 200 gels were carried il aceording (0 O Farrel|
a5 escribeld by De Mot i Vanderleyden 22 The gels were
jansfend far westemn blotting o stoined with Coomassie Bril-
gt o sibver BN
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Western bloting

LD o 30 gels were clecroblonted an Immobiloh-P mem-
branes (Millipove, Frankfunt, Oermany), A horseradish peroxs-
dase-conjugated poat-antimouse secondary untiserin was useid
with 4-chloro- 1-naphihol as a substrate to devetop the bins. 20

tiimunogald lobeling und TEM

Busterii were collected n 100 mb Tris=HCI batfer; pll 8
from u fiesh LB plise and diluted 100 densiy of 105 cells/ml,
The cells were washed wwice with 10 mM Tris-HO), pH 8 <on-
taining 1% bovine serum albumin (BSA), incubated for | h with
100 g2l of the monoclin:l antibody, washed theee times with
MY mM Tres HEL pl] 80028 BSA, incubated Tor 2 I with
goat-antimaise poltd conjugate (3 nm gold particles), sad -
pally washed three fmes with 10 w8 Tris-HCD bufler, phl
BAOG2% BSAL Labeled bacterin were [ixed for 10 mintes in
3% glutaraldehyde; wasted once with PRSLOZF BSA anil um-
Bedded in L7 white resing The erbedded baees b were cut with
a merofame ta 70 im sections. The cuts were fxed on Focmvar-
vonted copper grids for TEMSEY

RESULTS

Churavterizution of Hee snubs using ELISA techniyue

Alogether 30 differcon, speeific MAbs wore enised agilng)
Azagpriviflem brasilense SpIAS, Founenn MAbs were chosen

P

for detxiled characterization, The crass teaction profiles of pro-
twin A-purified MAbs, determined with the ELISA technique,
are shown in Table ). The specificity of the MAbs wus fested
against (ifferent strming of Azaspirilium Eeasilense, other
Azpapiritlien spocies, dnd a panel of different bacteria repre-
senting  the thizosphere microflor, Within the  species
Azoapiritlen brasifenve § of the 14 1ested MADS showed cross-
reactivity with a closely selated steadn Azospirithn brasilense
Sp246. No olber cross-teaction within the specles was ohscrved.
None of the MAbs eross-reacted with strains of other
Azispirithim species or other thizospheie bacterin, Following
the specificity jests; elght MaAbs were considered suitable for a
struin-specific detection of Azosperillim brosilense Sp243 in the
ehizosphere of differem plans.,

The immunoglobulin classes af the MAbs were determingd)
usiang the ELISA lechnigue snd immunoglobulin-gpecific sec-
ondary antibedies, The results are shown Tn Tuble 2. Al of he
Mabs of Tuslon Mipe 3 peacted wity differcot Tl secendary
antiboudies, mostly 180 and (G Mauinly the 8Abs of the fu-
sion Mipe | were of the Tah wpe: Al rested MADS were of
thie w-light chain 1ypus.

Biochemical characterization of the antigens

Ter dlesuribe the antigenic determinants in more detal, outer
membrune proweias. and lipopolysiccharides of Azospinllum
firgiiferoe Bp245 wese separmted in 20 SDS mels {outer meny
brane proteing) or 1D SDS gels (Hpopolyssechandes), Bloted
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RESULTS OF IMMUNGLOBULIN CLASS BETERMINATION OF MABS MIPE 3-1.1 = MIPE 1-106

BY FLISA

Mipt & [ wigede [Aliped= [Mipede [ Speds [ Miped= [ Nliped J3Mipeds [Mlpe ke | Abipr3- [Mipeds |alipe e [ ¥peds [3iipe i

| B ] | g L3 L S ‘l.i 1y |2 Lin il g tod |04 1] (1103
i B e S R ) ] TR | | T s
g G - ¥ . * + v = : F
8€s | = | -~ | -} - ] - : : :
A ) - = =5 = = B 2 i
lﬂ ‘; i 4 = - - - - - a - -
K - - - + - L - - - - -

onto nitrecellilose membrancs and fncubatéd with the MAbs,
Flgure la shows a 20 gel of owter membrane proweins of
Azospiri um brastlense Sp245, The comespoading wosterm blog
with the MAbs is shown in Figure 1b-e. Figure 2a shows 2 1D

o
it i 19
=
R |
= ]
-~ ==
2 r
" h
tﬂl FLNLY !H: e
L tH1g gl § )
- ~ -
FiG. 1 Biochemical chuesetenzaion of the antigeme epi-

topes for the Aspspiviflo brasflense Sp245-specilic MAbs, (1)
The proteing were soparated in the first dimension by 1EF il
i the second: dimension by SDS-PAGE, In each gel the pH
pradient extends from right (basied to lef {acidie), The posi-
tions af marker proteins wre indicuted by arrows, which cistre-
spond 1o, in descending order, s, 10" of 97,4, 66,2, 42.7,
FLA, 213, and sk The gel wis stained swith Coomassie bri
Thant e, (b)-fe) Western ot ¢f o 200 PAGHE separated outer
mwembrng . protein preparation of  Asespeeiflum Brasthense
Sp245 (a) and Dmmunoamilysis with MALs of classes 14
{Falde 3). The cnm:ﬂmmlinu prodeins are marked in (n) with
wrrons.

gel of a tipopolysacehanide extract of Azospirilium brasilense
Sp2ad The cormesponding westem blot with the MAbs is shown
i Figure 2b-+, Accondiing 1o the blor resules the antibodies were
classified in 4 groups (Table 3). MAbLS of class | reacl with
LIPS, which is common to Azospirilfum brasifense Sp245 and
Azoxpirithunt brasitenre Sp246 {daw not shiown}, MAbs of class
2 bindd to 1 S0-kDn omer membrane protein with an isoclectric
point of $.0, which is specific for Azospirillum hrasilonse

“Bp245, MAbs of cluss 3 veact with 2 30-kDi outer meimbrne

pratesn with an isoelectric point of 70, which is specilic lor
Azoxpiritlint brasitense Sp243, Class 4 Mabs bind 100 30-kDa
vuter membrane: protein with an isoelectie point of 2.0, which
is common 10-Azaspiniln brasilense Sp2a5-and Azospreillim
braselenrs Splas,

Ouantificaiton of the antigenic determinants

To quantily the antigenic determinons. ol 1he MAbs; an
overnight cultuee of Azospicillae brasilense Sp24a5 was em-
bediled noresing ultrathin sections were cut, and treated with
represeatanve MALs of all four classes, which were coupled
with zold panicles, Figure Ja-d shows TEM picture of the bae-
terin with gold-coupled dintibodies of classes 14 1 i obvidus
Uit he celis are mmacked on the oulermembrune with coch MAb
class, The caleulated number of wntipens per cell surfoce g
ibout 4000 Tor elass 1 MATs 800 Jor class 2 and 3 MAbs, aml
100 for class 4 MAbs, The numbers of antigen per cell surfice
were derermined by catcolating the avernge tmberof gold par-
tigles per ltrathin secitoned bacteria nod the spprosimrion that

S g

FIG.2,  Biochenical charaelerization of the antigenic epilopes
for he Azospivilli brasilense Splds-specilic MAbs. (a) 113
PAGE of n |ipopolyssccharide prepavation of Araspirillim
frearvilende Sp245, Thu pel was silversstiined. (b)-{e) Westemn
Blot of a H-PAGE lipopolyssccharide | prepuration of
Azaspiriflum brasilense Sp2a5 (a) msd insnmneanalysis with
Mkl ¢ lasses 1= [ Table 33,
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TABLE3: DIVISION OF THE MABS MIPE 3~ 0§ -MIPE 1106 INTO 3 CLASSES ACCORDING TO THE
WESTERMNBLOTTING RESULTS ( for details sce texi)

Miped= [Mipe 3 TAlipe 3 [Miped [Miped= | Miped. [Siped- | Miped | Wiped-— | Mipgd- | Mipe 1= | Mipe s Mipe B- | Mijie I-

(R ] i= N ) (] L -1 (M ] Lodib L 1.2 i ({18} 108 itn
Cluss 1 - = T e, Y = N = E =
Class 2 + + ¢ ™ + - . S * T
Clnss 3 £ + % > £
Chiss 4 . ¥ * = ] - - s =

the: boctertal cell is a cylinder 1ogem in length and 0.5 um i
width,

Derermination of high affinity MAbs

To determine the MAb with the highest alfinity in cach class
a binding experiment (displacement study) was psed tn com-
pare the affinity of MAbs that bind tw the same satipen. Th
resulis are showsn in Figues 4A-1, Both MAbs of elass | have
thes:same affinity. After the sddition of 50 ng of MAbL Mipe 3.
1.1 1o 50 ng bound MAh Mips 3218, 0% of il bousd antl-
bedy-was disploced. As aconteol experiment MAD Mipe 341,
was digplaced by MADL Mipe 3-1.8 {dawm not shown), The re-
sulig didd not ehange significantly. The same type of experiment
was performed with MABs of class 23 Mab Mipe 3-1.3 showed
the highest affinsty fevels. The 20-old concemreation of MAb
Mipe- |04 compared fo the MAbL Mipe 3-1.3 could not displnce
Mab Mipe 3-1.3 for more thisn 305, The MAb with the high-
est affinity of class 3 was MAD Mipe 3210 AW 128 MAbs of
class 4 (Mipe-103, Mipe-105, Mipe-106) were of remuarkably
low affinity.

{a}

(3]
FiG. .

Afemtify

Validation of the MAbs for a quantitarive
.-':rrmmmr.rsm;;

Thee validation of the MaAbs with the highesi affinily in each
eluss for o guentimtive immunoassay fs shown in Figure 5.
Using an overnight culture of Azospiriflum brasilenye Sp243
twith Azespirilluen brosilense Spl as control ), a peraxidase-cou-
pled secondary antibody, luminol as-substoire, aml a lumino-
metric detection system, o quantification is possible with af least
5% |07 bacterdafm] (MAD Mipe 1.8). The detestion fmit lor
lugs 2 (MAD Mipe 3-1,3) wnd cliss 3 (MADL Mipe 3-1.7) was
abaot 10 bacterdafml. For cluss 4 (MAb 30033 thie detection
limdt wass more than 10% Bactertasiml,

DISCUSSION
With (he yse of ELISA wehniguies, westorn blowing of outer
imembrane components, and [mmusogeld siudies, we conld

mostly stmin-specific MAbs  for  Azospinillum
tragifense Sp243. Some MAbs were found 10 cross-react with

b

h

Locatization and quantification of the MAD epitopes by Immunogald labeling aof Azogrriflien braxifense Sp24s calls

and TEM (bar (1.5 pam). {a) Azoapirillem brasilénse Sp245 colls and iimmunogeld labeling with class 1 MAbs (Table 3), (h)
Azaspiritlunr brasilesse Sp243 tu_JIs atied iminunogold Labeling with class 2 MAbs (Table 33, () Azospiritht bricsilfense Sp245
cclls and immunegokl labeling with chise 3 3 AR (Tuble 53 () Azowpirifliom breasilesse Sp245 cells and dmmonogold libeling

with ¢loss 4 MAbs (Table 3%
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FIG. 4. Determmation of the MAb atfinity by displacement studies. A nonlabeled MAb compeies with a peroxidase (POD)-
labseled MAD for the antigen-binding site in ELISA. e anibody concenimtion of the Libeled antibody wis 50 npfwell, ALl ex-
periments were done in T mirallelsfexperiment, (A) Displacement of MAb §—POD (I by MAb 1 (cluss 13, (BY Displacernent
of MAb 3100 (1, MAb 4—POD (G), and MAD 6-—POD {A) by MAL 104 (class 2). (C) Displacement of MAD 7—HOR
(TIh MAL 1 0—POD (T, and MABR | 1—POS (A) by MAb 2 (elass 3). (D) Displacement.of MAb J03—POLY (CD, MAL 105—

POD (O, and MAb 106—FOD (A) by MAb 12 (class 4).

Azeapiritlum brastlense Sp248, which is not surprising ds bolh
straing are closely relaied™ and were Tsolated from (e spne
wheut coliivar '™ No other cross-reactions were derermined,
Racieria of the species Azospirillito brasilense ore very diverse
in their outer membrane composition compated to other species,
Using 20 electrophoresis of outer membrang proteing Schioler
er al. = showed, that most stinins of Azadpirithan beasilonge
have no outer membrane protein in common: Therelore, 1 s
not seeprsing that most of the MAbs obiined were straln spe-
cific. I & previous publicotion it was shown that MAbs bind-
ing to outer membrane companents of avather Azospirillim
Brasifensd strain (J!:u.}pfrr!ﬂ:.m brayifense Sp7 ) were ilso winin
specitie, excepl for a cross-reaction with o very closelv related
stein {Azospieillnem brosilense SpCd) 230 Although palyclunal
antisera are o maxture of different antibodies, most of the ser

for Azespiriftum bragilense™ were also straln specifie, It s

still am open question: whether the high varability of cell sur-
lhce camponenty of Azaspirdfes braxilense js an indicution of
their ecological imporanee in sdapiation o different soil and
rhizosphere environiments.

It was demonstraned thit three differen ourer membrane pro-
weins carry the antigenic determinnms for class 2, class 3, amd
class 4 MAbs, However, no infomain aboutl (he finction of

the proteins is wvinlable, becanse we still have no mmeants that
fail 10 bind 1o the diffecent MAbs, The antigente determinant far
class | MAbs wae LPS, which 18 eommuon 10 Asespivillien
brasilense Sp245 and Azospirilhun brasifense Sp246. The eur-
fiuce localization of all MAbs was cormobarated by immunogold
bubeling. The mmunogeld resules ulsu gavee information about
the number af antigenic detérminants per eell. The cnlenlamed
numbers comulae with the desecdon sensitivity of the MAbs,
The MAbs with e highest number of dntigesic defemminants
pereedl {cliss 1) were most tensitive (3 % 107 Hneteriafmi), The
MaAbs with the lowest nupiber o aatipenie deerminnnts per cell
(chiss ) were ledst sensisive (12 10 bactedymid, The detec-
tion Timits of mainly class | Mahs aee much kigher compared
1o polyclonal amtisern, which are abour 107 bacterin/ml =5

In every class high affintty MADBs were detected, which dme
most suitible Tor @ sensitve detection of bacieriy in camplex
eLosyAEmE, '

To wse memunological methods for the locilization . and
quentificution of bacteria in complex halitats like the thizos.
phicre the annbodies must coraply with four quality eritedn: (1)
localization of the antigenic détenminzit on the eell surface, ()
o gross-reaction, (3) ssabiling of the antlgenic detenminant s
Siey, amd {4) high affinity 0 the sntigen for o eview see
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FiGi. 5. Validation of MAb MIPE 1.8 (class 1} (93, MAb Mipe 3-1.3 (closs 23 (@), MAD Mipe 3-1.7 {class 3) (&), and MADL
Mipe 3112 (elass 1) {—). Dilutions of Azespirdfien beasifonse Sp245 were subjecied 1o quantititive chemoluminescence im-
mungassay {7 paraltelsfdilation); the lighl counts were measured in @ microlter plate lumincmeter,

Schloter et el 5, In ihis work MAbs that fulbl most of the
guality-crteria were oblained. Preliminary experiments on the
slability of the differen) antigenie determingnts wnder different
ecologicy] condilions were smade. 1| seems that mainly the anti=
genie determinams of elage 2 amd 3 MADS are quantitative sk
bie under thizoaphere conditions. The sumber of antigens foc
class | MAbs scoms 10 vary between rich medivem and rhizos-
phere condinons. Funher experiments on the stability are in
progress and will be published sliewhere,
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