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·INTRODUCTION .. 
. ·;. ·. 

. ~ ~. -.. . 

of the.Problem: 

. ' 

~··In ··immunological disease.s of man· such· as. systemic lupu,s erythematos.:{s: · 

. .(SL.E), .. · .the·· presenc~ -.of. antibodie.s t,p. riu.clear'.~comp.onents. is well. -~stabli,shed •··· 

·· Mt~sc.her· et al· (1960) indicated the,.existence of at least .four ·classes. · 

·of antib~dies associated with. ·this disease. These investigators reported . 
' ' ' . . . 

'that in SLE, antibodi~s are formed against:, : (1.) n~cileopr6tei'ns, (~)-.soluble 

.. extracts of·:,c:ell nuclei, (3) histones-, and. (4) .deoxyribonucleic ac'id. (DNA):. 
. . 

·Although anti~DNA- antibodies. occur spontaneously.i1:{ .. SLE'~ immunization with 

purified D!iA has failed to stimulate antibody prodUCtion •. Detectable 
. ' ' .... . . . 

antibodies to highly purified, .DNA have not· been demonstrated despit.e a 
. ' ' ' . . . . ' \ 

. :.~....,variety of effo-rts .by a number of o'ther c~mpetent investfgatofs. · The-
- . . . . ~· . . . 

· O'prese_nt .concensus_ among immunologists ·a,nd immunochemi,sts .seems to, be. that.· 

pure DNA -is no•t antigenic. · · 

I:n· 19~8, Fhillips. et. al injected rabbits with a. phe·nol extracted -bacterial 
. . ' 

... DNA pr~paration containing. twenty p~;-. c•ent protein_. (Braun e't·. al, 195 7) . a~d 

. ~btai~ed~ results- that ~uggest that DNA: possesses .. an~ig~nl~:~.specif.ic:ity~ 
·.' 

~Evidence f~r spe.cificity was based -~pon 'the~.' appea~a:n~e o·£ ·~ Feulge~~ · 

positive: pr~cipitin band in: gel diffusf~~· tes.ts .indicating the· pre,~·e~ce:. of 

', .. DNA. Reaction of antiserUil,l with DNA-ase 'tre,ated. antig~n .P~eve,nted :'the 

. appearance of a Feulgen pos~tive precipitin ban4. · 

l,:__-~- : ... : - • ' ".. -: , .•• , .. -~.·- - ~. 

· been. studied I»rima~ily_ in: rode!tts. ,,·.It··.would. 'be of .int:e,re·st to i.,mmunize-
. (. 

other ·:t~an: rodents with. phenoL extracts. contailJing DNA ·and. 
·, J", • 

. ·· ·- .. 
- ·•'!". 

~ ~. '. 



; , . 
. ... .- .,_ 

2. 

/. 

inv,~stl.g~te the nature of the. antibody _response • .: C,onsequen~ly the investigation· 
. . . . 

to. be reported in this paper is a study of ."the antibodies produced by the .• 

common chicken (Gallus domesticus) in response to.'injections of··phenol · 

extractlons of Brucella abortus.· 

.The chicken was chosen for this work, because it falls within .a different 

class of the phylum Chordata than ~he experimental animals which have been 

used in previous studies o.f this type. Campbell et al (1964) indicated that 

chickens are better producers of precipitating antibodies than·are rabbits. 

In addition, no reports on the use of chickens-for this purpose have been 

encountered in searching the literature. 

Brucella. abortus was chosen as the source of DNA. Extraction procedures · 

were essentially those of Braun et,·al (1957). ·It is the purpose of the 

present s.tudy to characterize phenol extract$· of Brucella abortus utiliz.ing 

both chemical and serological analyses. 

\ 

• '. ·• • . ."1: .•.• 
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Review of the Related Liter·ature: .· 

:_The _questio~ of :whether or. not DNA ·posse-sses antigenic "~pecificity · . 
. .. - '- . ' ··:. ' . ' '- -' . - ' 

been studied f<)r over a quarter of a cent~~Y· ·se~ag et al .(193'8) 
. - . . . . ' 

isolated· nucleic acid- by mild hydrolysis _of streptoc()ccal n~cleoprotein 
- ' '.. ~. . 

. ·. ':.· 'and __ shaking' the resultant s.o~~tion ·_with: chloroform and amyl_ alcohol. 
._.·-.:·,_ .. 

A-

·total· of twenty-fiye milligrams of strepto~occal.nuc~eic acid. was us~ed . 
' .. 

to immunize rabbits· utilizing a seri~s. of· ffve inj-ections C>ve·r a two week. 

period •. Of four nucleic acid -antisera samples, _only ·two were serologically 

. active.- One ~ucleic· acid p_rep_aration reacted .. with ~omologous·· se·runi in . 

. . . precipitation tests. in titers -as~ high, as l:lo,o·oo an~· in c:omplem~nt·_·' 

· · fixation tests _as high. as 1:8000. All reactions ·with· heterologous sera 

gave negative results~_ A ·se~ond nucleic· acid ·prepai:ation gave 
'. - . -. . 

_prec.ipitatioQ. titers of f:·loO,OOO. and complement· fix~tion titer of l :62,000 

.with homologous s-e~um, .while heterologous serum· gave. precipitation and 

. complement fixation titers· :'?f 1:1;000 and 1:2,500 respe~tiyely;. 

·Lackman et al (1941) inoculated horses-and rabbits with_strep- .. I 

· · tococci, pneumo.cocci, and aci~ ·.precipitated streptococcal nucleo:pro;eins·. 
. . 

They studied the serology· c:>f nucleic ·acid obtained·f~~m streptoco~c:i., 

pneumococci, bull spermatozoa, yeast·._ cells, tobacco- mosaic viruses, 

tubercle bacilli, and_ calf thymus· by reacting these ·nucle'ic acids with the , . 

horse ·and rabbit antisera·~- The reaction of nucleic . acids ~ith ~ntibacterial 

., . s_er;i indicated that nucleic acids gave. a speclfic precipitates ~'with, equine' 

antipmeumococcal se~a. ·.Since precipiti~s. of ~orresponding reactivity. are 

·usually not found ·tn normal sera or- any other· kind- of sera, J.t was · 

·,, · concluded that. th~y .werf.!. fo:rm~d duting .iriununization with pneumococc~i· It 
. ' 

. -.· ' .· 

. ·" -~·:- .. ·;,.:.·~.-~as not d~termined whether ~he precipitins arose as· :a_ direct immunity 
~ . - . '. . . . ' 

•,-- · ... 
,. 

!, • ' • • ••• ~ • • 

.. 

'. '.' 
; ,,,• 

., 
; , .. 
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" ~ . 

·.the._" nucleopr6tein anti~ens :·of· pneumoc·occi .- · 
~. . . 

-... . . 

·: Avery~· et. al- (1944) in- study.i_ng pne-umococcai :transformation, induce:d -

:_· trli~s-~onnation by -'inoculating a DNA· fractl~n isolated .f~~m -pneumococcus 
~ ;, ' : .. ~ . 

. _:Type: "III into 'do_gs .·and_ rabbits~ The. s~rologic results obtained in 

-C~~nection With this st:Udy .showed: irregularity and broad. cross ·react::icmS: _· 
.... ·_'·_·_· . 

--

.·in .relation _to DNA ~ntigenic·i ty. ·±hes·e inves tig~tors claimed DNA is ~not: · 

: antigenically act_ive·. 

Blix et. al (1954>" immunized ral>bits 'with DNA preparations :fr.om .calf-

·thymus. 
.. :· .... 

They reported their- studies to indicate·· that samples of ·pu1;e_,.· 

. .. fre~hly·· p~epared calt . thymus -DNA invariably gave_. rise to high titer 
. . . . ' . . 

- . specific comple:men~ fixing anti'b.odies· upon· injection into :r;abbi~s •. Nuclelc 

a~idti froin ~lder calf· i:hymus Prepar'ationS.were reported .to 'be alSo antigenic 

.but the titers obtained were low'ei-. In ~ddition~ the folloWing results 

DNA~ ~- Histone· was found to be no-n-an-tigenic. 
. I 

.. . \ .. - · . 

. ·.-:_: .anaphylaxis,- but a moderate degr_ee ·of. pa·ssive ·anaphylaxis, _was opserved 

-in the guinea pig. 

·The· studies- .of Blix· et al. (l954.) faiied to reveal whether the·ir · 

- ·-··-·antibodies were specific ·for DN~. or· for sam~ ~ther u~related ·a.nt~gen pr:esent. 

- - .... ·Also::.-- the· results obt~ined -ar_e ·ques_tionable·: .when either antigen· or ~ritibody · 

.·is· anti-complementary as_ was fo~nd to be· the case •. :_In ac:Idition,_ complement· 
. . 

fixation ~as detected-by·mixlng dil~t_ionsof antige~ with.constartt·amqu~ts_ 
-·. - . - .. :· ·. 

-:_·:of antiserum, leaving open to equivocati§h the reported titers of. antibody.- ·_· 

: ·.: .In r-elation to this, Uas~_ova et al·' (1959) .-reported. that DNA isolated- _ _.by. 

d-ifferent methods from fresh or fro·zen calf~ ~hymus did not,· under the --~ 
';,, 

.;···. ·• I 

_experJmental conditions established,,· _iriduce antibody formation which ·could· 
~.·." . 

"de-tected in rabb-~{t: serum., by ~~'xnl?l~~ent' ·fixation,;· Iring _preeipi-tati~~·'· · .. 

. • :~.: -.! ··• - . 

. -.- . 
_.,-

·_ . ~ .. 
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.··:;.. __ 

. ~ . . 
'~· • ..-· I -' 

diffusion, or .p-~ss i~~ h~~a-g.gl~tinatio~ ·with .. f~rmalinized 
' I ~ I 

: -~- ~ -.=1· 
.x:" 

,: __ erythrocytes~. ·. -

.. 

' . . ·~. . 

All attempts to. induce antlbod~ies.agains_t. nucleic· acids _by injecting· 
' ' ' . ' . ' . 

heterologous hosts with p~re DNA or RNA-have been rep~rted as:· .. negat~ve. · 

Such failures have· been· interpreted to.mean that although nucleic. acids 

could theoretica"lly be consid.ered. iintigenic, ·they are in reaiity lion;; 

a.ntigenic (Plescia et al, 1963). Nucleic 'acids may actually be ·antigenic' .. 

·but according .to Panijel (1963) it i~ c):ifficult .to demonstrate· the· 

,. ~' . arttigenieity,, because when injected. DNA is rapidly decomposed 'by the. 

·.. . '~ . :· 

host's.DNAase. 
)'. 

' . ~ ·.' ·Since highly purified llNA has. not been demonstrated. to be antigenic., .. 

·protein.? The problem of .too much pr(;tein means that the ~nfibodles 

-produced would be non-specific_~or D~A,·and too-little protein would 

be insuf_ficient to stimu~ate- antibody formation. 
. .. ·. ' 

. Bra\ln, et al (195_7) extracted highly ·polymerized bacte_rial DNA from.· 

Brucella abortus. The cells were· ktl.ted with phenol, t-reateq with amyl · · 
• ~ • • ., • • • I ' 

alcohol and chloro.form, and ·the DNA prec ipitaJ:ed with 95 pe.r cent_ ethanol.

. The- fibrous preclpitate was analy:zed-' to· contain approximately' e,ighty p.er 

cent l>Ni\., twertty per cEmt protein and less than 1.5 pei cent RNA,. These 

inves-tigators ·reported thai: although ~he resulting materiat·most closeiy ': 
I,:-, ' • • - '•· 

. - . . . . . . 

_:resembles DNA and is referred to a$ $Uch, and·· de~pite ·the fact tha_t the 

material_~-~- biologically _independent (as demonstrated in tr_ans-formation 
•\' I 

of. bacteria) of the attached prote-in .the resultant :-isolates may actually'· 
~ - ·, . '. . '. . . 

be an unusually stable- nucleoprotein.· _ · 
. . . 

·>"oo···...-,_,,c·':"··''''"''';"~''"''·, .. ;.;,;,,-,.;-. 
. The-Brucella'DNA.-extract was reported-to have a·phosphorus extinction 

' l •. '-~ • ·, . _: ' 
·'. 1.,·· .. ,;. . . 

__ :·--· .,· 

'· 
'·. 

...... -. 
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of a·, 900 at 260 mu'· and. a nitrogen-phospho~us 

:.)various· stages ~-_of ·extraction to J;~- 2. 94:·,; '2'~2~i,·-- 2 .39,:~ 3·.3·3 and· 5 .• 00 (srauli_:; ~ 

· e_t_a_l.l957)., ·. ·~hargaff and Davidson· (1955) determined_:that· purified D~A 

.·:has a phosphorus coefficient of 6,600 :at 260 inu and. a nitr.oge-n~phosphorus 

mole ratio of· 3.60. · ·. 
. . - . 

Braun· et al _(1957). did ;not· r~po_rt~' .. ~ny inorganic .. s'alt: contamiria.tion 
. -- . -- -." ,, ' . -

··.:which .. may. hav~.· occurr~d dur;i.ng :the e~t~~~ t~~n ._procedur~·s ·nor :d.id th~y · 

.report any at. tempt· to· remoye ·ext·~an~ous~ -~ateri~t which may have:~. pre~ipita·t~d 
. - ' . . . 

with the DNA. ;These workers~ :··did· -not determine the DNA ~onfent:On a dry._. 
' ··J .. 

· weighf basis .. · After precipitation,;· their DNA ext~ act. :was susp~rided in 

. normal saline. ~or- t~sting ~nd/or· ~t~:n:.age·. :_The· amount. of DNA --~·sed fo~ 
-·. . . .. 

:· 'irijec.tl:.on was det~·rmined by the ·Dische-Stpmpf reaction which m.easure~· the 

· · .deoxypentose :_c·ontenf :of the .dissoived sample. -·.·.:·"'..;.' 

. Phillip:s. et al (1958). innnuriized rabbits with phenol extracted.· 

Bruce 1 t'a abortus DNA •. · The antiserum w~s tes t'eci. for precipitating " 

,· . .. . . . . . . . . . . . \ . 

,-~-ant-ibodies ·against· Brucella"'DNA.:by·. the Ouch~et.lony gel :diffus-ion technic.-
. . ' . .· . 

:·Five clearlY dis_tinguish~ble .bands. of -~recipftins deve-loped· in the _·.gel~-

. Absorption of the ··antisera .-lrl_th. f~~m~ll~- J.<illed whole: cells_ ··or with- . 

... · . insoluble cellular- residue:·rem~ining ·a~ter phenol extraction f~iled. to alter 
. .· ',- .' '• -- - .. 

, the precipitin pattern. .One ·of the precip~ta·tion bands gave.:a .positive 

-~Feu1gen stain indicating_ the .presence of_ DNA.,·:: After- ·treatment. of ·the .test 

antigen· ·with _DNA-ase,a.notice-able decrease- :in· the intensity of·' the Feulgen, ... 

positive band. took place. DNA~ase al~ne di_d Il.ot ~eact ~ith t.he. antiserum~· 
- . . . . 

. · The appearan:ce .of a F_eulgen posi.tive: ·precipitation: ·band: ln ·the. gel 

· _dj.ffusiori. and the_ dimi~ished intensity_:·~£_ this ·band fc;>llowing tr~atmerit ·with 

'".:··. 

.. ·t· 

:··· 

·DNA~ase,. was. the meth~d ·by· which· Phillips. et. al._·. (19_58) .demo11strated ~ntihodies · ·, · ·· 
- . . . 

:~-' .: ·"' ."- ·-·."' !/~ ·- ~- •• , •• 4.~ ... ,.,...-... ::.,., .. r"' .-!-'"-~ -.-.-: • ...... :· ,. , 

in ·rabbit' :Serwri-. ':They· fur.t;her r~por:ted.:· 
. ' . ~:. . -· 



: •, · .. 

·-.-.. " - -~ ,· ··, . 

··have precipitated .without ·being ·an-tigenic b~cause.: it. -may ·ha;,e ·be~~ 

: · .. ~- <: 
.· -. ··.· 

unrelated antigen-antibody precipitate/·: __ .·. ~--
.; __ .. -

; . 
- ~ I 

Mi.escher et al" ·.(1960) ·immunized .r.abbits ·and guinea pigs wi-th_. 
. - - - . -- . . 

'.'thymus and. l~yer nu~iei_, histone_, 'calf- thymus· nucleopro_tein, calf th_J_mus-
. -

DNA, salmon sperm DNA and· Brucella. abortus· DNA.. All attempts- at· · 

d_etecting .anti'nuclear precipitins i~ ·the guinea pig failed. · It appear~_ 
. . . 

that nuc leoprote ins act as.: a weak antigen _in rabbits gi ~ing rise_- to 

_ , __ antibody production in about- half the irnrimnized animals.. When eel t nuclei- '. 

-. 

are used as antigens, the results depertd upon the-~ntensity ~£ 
. - . . . 

..· - --. .. . . 

immunizat-ion. The antiserum was shown- to cross react wi~h -DNA _froiJt . 
- -

· · :-vatfous- sources·, s'uch as was observed· between calf thymus and.. Brucella. · 

· abort~s DNA. 

Braun et al (1959)- report that DNA-ase sensitivity has not been 

·obs-erved ~ith· e~ery batch of the -pheno.l_ extracted· antigen. Some batches 

- \ 
_contain· components· that lose· antigenic: reac tiv.i ty following DNA-ase 

'exposure-,: others re-tain- antigenic reQc.tivity ~ut .show physicochemic-al 

alterations after DNA~ase treatment, and still ·others appe_ar unaffected 

by_ DNA;.ase. This- suggests .to them the pos·sib.ili-ty _of at least three·--~~ .. 
' . ·-

. . . . ,· ' 

ant-igenic co~pone'nts: those_ in which antigeni~ specificity is- controlled. 
--. 

by DN~;_· those in whic~· DNA is associated- with an·t_igens of a d~f'ferent_ 
. . . . 

:. - chemi~al nature, and DNA-.free an tig.ens ... 

· Olitzki," et ·al (1959) inoculating -white mic,e ~ith Brucella abort'us· 
' ' ' - . 

. . DNA prepared accordlng, to, the method of ·Braun --~-t . .;~1. (1957) demonstrat~d-
. - - ." ' . 

an e~celle~t imniunizin~g_effect· by prote_cting the mice :agains.t Brucella' 
. - - . 

-. . ·. . - -

· abortus infections. · Although DNA. br · n·ot antige-nic ally identic~t' with .:_ 
· ...... -.-. ·-· -· -

-'the.· ~urface -:'-ntiger1s which :immun'i_ze mice a~nd produce pr~tecting · 

·,: antibodies, i.t .·seems that ·the association o'f this. antigen with ·nNA_ 
'' ".. . ·. . 



- ., ·.·: . .-

'; 8 

constitutes a. highly a~t-ive a~tigen · co~pl~x ·which- a~ffords excellent::· < 

<: ;;}f:{;&nunity of ,dee against Brucella abortus irifections. accordillg tO .th,ese' 

._ -- ,, .. -·Jnves-tigators. · :: ·, .. , •';·:. 

- ' - . . . - . . 
~- ' .. 

- - . . . 

Ultracenfrifuge ·studies by Plescia et_ al· (1961) r_eve~lled that 'the 
. . . 

·o.s -per cent phenol ·extracted ·DNA-preparation ~ontained_25_per cent 

'protei,n, and tha~ ~f the r_emal:ning 7~ .per c~nt nucleic' acid:, '5 to 10 

.-.per· cent was RNA~ This means . that only about 70 per cen~-- DNA .was in 

: the preparation rather: than 80 per cent as originally .al'lalyzed-. 

·Dif-ferential ultracentrifugation using a Spinco ultracentrifuge 

·._ . with._ a type ~0 _rotor, · i,ndicated that protein. was found in ·the sediment 
. . . 

:after _centrifugation_ of 10 ,000 rpm . (10 SED) for 1.5 hours~ Most' ·of the 

~nucle1'c acid was ·found . in the· supernate after · cen~~~fugation of 

.40,000 rpm (40 SUP)'. · 

. Following the innnutdzation sched'ule of' Phillips et- al. (1957)'~ the 
- . . 

_ anti$era ·obtained-were tested-against the '.'arious ultracentrifuge 

·- . . - . \ 
· . fractions.. The 1_0 .SED .. protein rich fraction was non~ reactive. _ The _30 

. . 

-·SED frac·tion cQntaining less: than 2 per cent protein, p~oduced Feul~e-~ 

,_'. · ... 

\ . . 

:positive precipi~in bands_. in )~gar. _· This indi_cated-. that fraction. 30 SED-· · r 
- . 

contained mast. o-f- the' reac.tiV.~ antiget:tic components .• - . ' . 

. Next, these.wo;'kers imrn~nized rabbits w-ith ultracentrifuge. fraction~--, . 
.. ... . ' - . 

·:following the- ·same experiment~i· procedures of ·Phillips- et al-.(195-7). 
._:::: ·_·._ 

The ahtil[!er.iobtained was reacted against the various antigenic fracti.Oils 

-. ·'by gel diffusion ·techniques.,· _The 30 SED fraction_an.tis.era.ptoduc·ed no . -- . ' :. .. 
. . _· .: . 

vi-sibl~ · precipitins as;- ~ontras.ted _to- the- 10. ·sED~ fracti-on .antisera·: which 

: _·"produc~d very __ good Feulgen positive precipitin ·bands~._ 

·. -~ The 'non reactive· 10 SED' frac·tion. was capabl~ ,o·f· stimulating the 
. ~ . " " 

·~·~: .·_:- --~ .. ~ ... . • ,_ . . ...... -. ·~-- .J ·-·,· ... .,.·' ·.: 

·, ,-~-.·_: __ ;:_·.:£ormation of precipitating antibodies.. On the other hand,: _the reactive.· 
.:i·/,: .' ,- . . . ' . -. . . . . . . ' . ::_ :;'. 

·''.·. 
,:• '. '" ,' •' ' ' ~ • '• I ' • 

_:1," 
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30 SED fraction was unable to stimulat,e :the production or'_pi-e~i~_i'ta·ting 
- ··. ~ 

antibodies •.. Failure o! this fraction.· to elicit antibodies- is- consistent·: 

:·with the· results of others who could·· not detec't antibodies -in the sera . ,• . 

. o-f animals injected with. purified DNA.·_-- It was cone luded . tha-t- the phen~~ . 

. extracted Brucella .DNA was not a si~pl_e antigen, but .a complex antig~n. 

composed cif an immu~izing fraction lO::·SED, and. a reactive.-fraction 30 

SED. This suggests -that with the attached protein~- DNA is a _cofi_tple __ te 

antigen 'which possesses -·antig~nic specificity. 

Plescia et al (:1963). repor·ted that the precipi-tin band formed . 

_·during the gel diffusion analysis of ·.Brucella· abortus DNA .with rabbj;t 
. . . . . ' ' . 

antiserum _was Feulgen ·positive ·ip.dicat:ing the pr-obable presence· of 

·DNA iri the precipitate~ This data ·does not irtean that. DNA contribu-tes 
. . 

the actual determinant group. The DNA might .'simply have been requi~ed 

for the precipitation-of an antigen-antibody complex. because of its 

--~ weight or other physical properties •. \ .. 
In a· :i:ece.nt ·publicatfon,. Wilson et al (1965) reported ·.t;hat antibodies 

.-

formed' against a DNA preparation .we_re. produced. i"r:t-· respo.nse to the 

. . 

•' ,·· 

·:·contaminants alone. ·- .Injec ti~n of ·DNA. ir:tto animals and-- ·subsequent. serologic-

. analysis can· be used for determining the ·purity-- of, this substance •. -· ·Wilson. · (1966) -· 

further _reported that 'results ·obtained ~~n his. laboratory were ·incon·sistant 

· ·with rE;ports of· Braun et al (1957) and Phil1ips 0 .et al _(1958). :': . 
'\. 

,•, ',.•,·. 

·-:.-·-::.-: ··.-··: . 

. ·· .. , ' 
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. MATERIALS. AND METHOD$. 

A.•·· ~Organism: 
. . . -

_::_A laborato;ry straitl:-of· Brucella abortus~-· Americ~n Type. <;:_ulture· . 

. Collection "_7705, Alice G .. ·Evans, NIH .. s.tra:i.n .456, M~· c< G •. MM&PH. 
.~ . ' ' . 

·_designation G.-1, .was obtained from the Department of_- Medical· 

:. Microbiology and Public Health, Medical Cofl~ge .-of Georgia .. ·. -Bruc·~lla 

: ::.abortus G-1 was the strain u~ed exclu.~ively in. the studies r~ported here·/ 

--The stock culture, lyophilized previously on glass beads, was 
. . 

planted on a tryptose agar slant :and incubated at 3_7o·c in a candle 
. . 

- . jar_., After 48 hours incubation, a- subculture was streaked on a 

·· t~ypt()se agar -·plate'J .to .. obtain isoiated, colon~es. Colonies -~ppea;red 

:. within 48 hours of incubation at· 370 C. A single.,.- well ·isolated 
. . . .· . - . . -. . -·. _· ' _· .. '\ .. 

:.colony -was . picked and: streaked on a tryptose ·agar ·slant.· After 

.; growth appea:red on the slant, .the. culture .was stored: at 4° _p-•. This 

· was. the stock culture used for 'all ·s~bs_equent ino~ul~tions •· · 
' . .. . . . 

Brucella abortus G·-1 was .studied:by _standard put:e:cultu~e-methods --

to assure tl;tat its characteristic~ correspond'ed~ to tJ:tose of: the typ~ 

species as -describe-d in Bergey's manu~r~: of determinative bacteriology-· · 

.. ,. , (Breed,_l957).· ·Morphology~ Gram ·stain, colony for~ation, ca1:alase 
.. , ... ·. ' . 

. and urease production·~·_ dye sensitivity, and .sugar fermentations- were 

dete_rmined .- . · . - . :· ._- _ _ . . - -

Thimimn (1~63) btdi.~ated that tht! greatesi: amOuilt. o£: .DNA relative 

o,ther constituents of a. bacterial cell would· be pre:sent d¥ring .the·_ 

·.,'-

.-

•' :~ : 
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.. Srowth eurve .Was ehosen as the ti~ .for harvesting the e.ells uSed· in ... 

. -·. ··: p:teparation of _Brucella antigen •. :. 

I • • . ' . 

-~ _" incubated at 37° c·. · Viable cell counts were made .at regU,lar :intervals 
- - . . . . . . . . .. -·. 

over a 72 hour period. The cells wer~ harvested by wa~hing th~. agar· with 
. . . 

'· '.10 inl of a i: i mixture of normal_ sali~e- ~nd tryp_tose broth· and: placed ,in, . 
. . . - . ._ . - - . 

· : ch~lled (50° C) <lilution blanks •. · ·~:~luted ~ells. were co~nted by the pour_· 

_plate method. of Lamanna. an,cl Malle fee (1959}.. One milliliter of diluted 

... ')cells mixed With. 20 ml of ~lted tryp~ose agar (45° C) wS.s poured into 
•\--,;'·/.. 
' . . -

. . 

sterile--petri. dishe·s .and--allowed·. to hardeil.· ··After i:ncubabton at ·370 c 
. . . 

for 48 · hours,. the total colonies on. ~~ch: plate ·were. counted. ··Viable cells 
: - . ·.-

were· considered. as those cells which would give rise ·to·· a single.· colony •. · 

\ 

, B. Preparation of Brucella antigen: · 
\ 

Brucella antigen was· prepared· accordi~g ·to th~ procedures cOf ·Braun;··· 

. Burrous a?d P}lillips (1957r. Brucei:La· abortus ~--f·~~s gr~~n ~n tryp.tos~: · 

·:.··agar for .33 hour~ at· 37° c. Thimann: (1963).'· reported·· that·the best time · .... -- · 

... :for h~u~vestlng the .organism was late in the ·log~rithlnic .-stage ·of growth. · · 
- ' . . - ' .. 

Growth- curve: determinations· showed that -this time ~a_s 33 h9urs -~afte:.;. 
·', . . .. .. . 

. -.. ino~u-lation. 1 •• 

The bacteria we:re· harvested with ·o .l M soO:ium?citrate:~_sodfum· 'cb.lori.cie 

and •treated with ~elted·phenol to··giv.e a ffnal-~otl~~n~ration .of o<s _per,·',' . 

cent •.. An ~q~al-~volum~· o£'·4· tnm glass .beads: was: ~dded~nd· _the mfx~ure .was-

in a shaking incubator . at_--37°. c for: 48 hour~ to _:rupt~re_ the cells.: .. 
.. 

.~ ,' r ~ 

... " . · .. ·· ... 

' :~ .... '. 

. - :· .~·:. 

- '+· 
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:The ·s()lution .. _was.poll~ed 'through a "wi_re screen to remove the ·beads~ . The 
: ·~ . ' . ', ' ~ . 

. beads we_re ~hen washed once with ·0.1 M·· citrate~sali~u~ which was added to 
--. 

· the- phenol preparation. 
. .. 

: . ~· . . The· material was cf-epr'ot~e_inized by :treating. with chilied· 0.3 per 
. . - . 

cen-t c~loroform and 0.1 per cent.- :.amY:l_,alcohot. and:··shaken' for 20 ' 

minutes in an ice bath. To remo.ve prec-ipitated .· prote ~n, the mixture 
·. ·, 

.. . .. · . . . . . 

... w~is. centrifug~d ~t "2000 x g fpr 20 ~inutes ·at 5° c •.. ~The· supernate was 

~decanied and treated with chlorofor~· an4 .a01yl_ alcohol •. Deprote:ini.~_ation 
' . . 

·· · _ pr.ocedtires were repea_~ed until no pr~cipitate appe_ared· w-ith the· addftion : 

'.··. 

of chloroform. 

···.Chilled 95_ per_ cent ethanol was ·-added slowly ·and the mixture was 

stirr_ed with a ·glas-s rod until a fibrous ,.pr~cipitat:e~ mact":oscopic-ally · 

indicative of DNA, appeared •.. This precipitate was dissol~~-d in- disti_lled 

· ·water. The solution ·was shell' frozen and lyophilized at -60° C under a 

' ' vacuum :of. 5 -U of mercury for 48 hours. A dry powder was. obt'ained •·. :. 

\ 
A.liquots of the dr.ied extract were· ~ealeci. under a-vacuum of 5-u.mercury · 

6 .. 
and···stored at -20 c~ 

··C. -DNA .Analys_is of Phenol Extracted Brucella ·abortus: 
,._ 

Total nucleic acid' ·content ot' the extract was· determined by··._. 
. . 

... ·.dissolving a·· standard quantity of the extract in sa1:lrte and. deterniining ·-
.· ,'_ .. .- . - .· - -

· ~er. cen~ tt"an~~i:s·sion- at- 26_0 mu •. ·.The ·Dische-stump£"--reaction. ---used by _Bra~n 

. -. ·.·' 

-; .. 
~ .. ·' ' 

_· ... et al (1957) and the .'diphenylamine r·eacti_on'we;re two methods used in 
' • • • ' •w·,_ 

.analyzing. specifically for· DNA • 

. . The Dische-Siumpf reaction was· performed as described by Stumpf· (1947) • 
. -

• 

0 

I 
0 

,"' 0 I 
0 

· Comn1ercially prepared DNA (Nutri'tional Biochemical Co.). was· ~sed _a~ 'the 

' ... 



·:·_·,. 

::._·.-·. ,. __ : . . 
-. . :·-'· 

One half milliliter- of standard· or- extract was mi-xed with 0_.5 -ml-::· 
,. 

cys-teine hydrodhloride and -5 •ml o£··-.s~lfuri6. ac.id~: -.The. DNA content .. was 
--

. . ' ' 

fro~ ·a standard reference -~urve by per . ·cent· transmission· at 4~·o -·-. · 

· .-• mu-. 

._.,,. 

DNA _was also d-etermined ·by .. the diphenylamine col.or ·reaction of Burton 

(1956). Purified d.iphe~ylamine dis~-~lved .in· glacilil. acetic acid .was :'the_._ 

color reagent and -calf thymus DNA (1:.15 ·mg.jml containing 87'.4 ug DNA~P) ·was 

used·_ as the DNA- standard·. Per ·c·ent transmissj.on· of the. DNA st~rtdard ·at 

· 600- ~ was· piotted against- conc~nt-ration.. Total- DNA· content of the extract 
.··-

was detebnined by- comparison to the t::efer_e~~e ·curve;. 
. . . . . . - . - . - . -- . . . . . . . . . ~ 

·Nitrogen_ content was analyzed accordin-g to the procedure. of Miller arid· 
- . . 

Miller (1948). Two milliliter aliquots of·Brucella antigen were ~-ipetted. 

i-nto micro-Kje-.ldahl flasks .. heated, . and- subs-equently'_ followed by tre~tmeri·t· 

·with- 30 per. cent hydrogen peroxide.-- .N~~ogen standards containing 190 mg/ml 

were prepared from.· annnoriiu~ ~sulfate. - The un:known sampl~ and the standards 
. \ .. .-• . 

were tr~ated w~th Nessler's re·~gent' fo~ color _.deve~.~pment. _Nitrogen 

content was determined 'by per cent. transmission at 450 mu from a standard'• 

· reference_ cul;Ve ~-

· Phosphorous content was determined by· the- method- of l'iske · an4 Subbarow 

.:.·,·- .- (1925). . Three inilliliter~ -of _the . e~trac t w~re pi_petted into: ignition-

- ·tubes containing -2.5 ml of·. 5· N sulfuric acid. The solution was concentrated·-
' . - - ' . . - . 

. ·by boi.ling, .dig_e~ted with. nitric- ac1.d, and~ dilut_ed to 10. ml. Ph~sphorous·. 

standards, containing .10· mg/ml were p-repared from mot:tobas.ic:. po.tassium· 
. . . ·• 

.. phosphate. · Color development· occured· by the addition- of 1 inl moiyb.date · 
., 

.. ·. and 0.4 ml of 1 per cent Elon (Kodak)· in 3. per. c~nt- sodium bisulfite· • 
. . . . " . :.• ., . 

. . . . . 

w:r;,;T::'d,DNA Phosphorouu<aS 4¢terniined frolll a standard. reference cu:rve bype:r Cett.t::. ' 

,·· .. ,. _:transmission. at 660 .mu.-.· · 

1- •• 

.. " 

·. ~: -

·.:: 
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Analysis of Brucella a~tif5~tl:~:--

~----~. Protein:- ·The lyophifized extract was reconstituted in distilled 

contain 10 >m8/ml and .diluted serially fo?= sp_ectrophoto~etri~ ... 
- ., 

· analysis •' · Protein content was dete~ned by per cent transmission of the 

'extract at 280 mu. 
. . . •' . 

. . The Folin~ioc.alteau pro~edure (Lowry et al., 1951)_ was used to· 

quanti.tate the protein present in Brucella antigen •. _Egg ·albumin C:~ntainiilg· 
... ~ ' ' ' . 

. 200. ug/ml of_ p~oteirt was_ use4 as. the' standard-~ · ·To .. l·mi of sampi~ .and . 

--~tandards·, 5 ml of alkaline copper sulfate was''·ad~ed •.. After standing ib· 

.. _. · · --minutes at room temperature 0 ·? ~1-_ Folin _plJ.enoi'. reagent was. -~dded., '· Color.-

~. develc>:ped· within 30 minutes and. protei-n was de.terridned· from .a st-anqatd _-
' . . . . 

: ;_reference curve_ by per ~ent tr.ansrlrl.ssiori- at· 500 · nni. 
. . . 

. . . 

A· check of·· the protein content was performed ~:i:~h ·the Biuret test 

(Gornall et al, 1949) •. ~he protein. standard was egg. alb.umfn con~aining

. -200-ug/ml·o·£ protein~ To· 0.5 ml of sample a~d s.tandard~\ 9.5 ml of 22~-6 
per cent _sod_ium 'sulfa-te' .was. ad,de~l.-- Two milliliters" o'f' ~ach. solution was. 

the-n·_mixed with 8 ml- of biuret reagent~-._ Aft:er- allowing 30 minutes for . --
- . . . 

. . ' . .. . ~ . . . : .. . . 

colol:" -de_velopment at ~oom· temperature' total protein cont~nt was ·quanti tat~d .· 
' . . . - ' 

_by per cent transmission at 540 mu from a s ~andard re-ference curve. 

2~ _ Lipi'd: -__ Lipid .content ·_of the ·extract 'was· de:tepriined by the Folch:_~- .. 

__ . . :.pr~cedure (19S7) ~ ··Dried: ·ext~ act was· hom~genize~. wi~h a· 2il_ chlor~fotrft~- · . . ~..... . 

.' methanol mixt"ure and·" filtered'. on a fritte4' glass" filter •. ··The filtrate~ _was 

'-: 

··_washed three times -with water; · ea_ch time_' the .aqueous -~phase _~eparated,,' fioltl 't~e · 
. . . . ' . . . . :. .·· . -

' organic phas~. The aqueous phase was· conce~~ra.ted _to dryness. , Per cent 

· :·: '· .. ·lipid ~as determined· gra~~trically ·from the ~inourit of .lipid materfal· 

.. .-..:· .. 

: .. · .. 

....... , .-· :,--·~·-·-
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3. Polysaccharide:· The Anthrone reaction-described by Graham and 

Smydzuk (1965) using a glucose as. the standard was· employed to ascertain. 

··the polysaccharide content of Brucella antigen. Anthrone reagent was 

·standards and samples were layered on the reagent •. After standing for· 

15 minutes in the alcohol ice ba~h, the tubes.were shaken to insure 

tltorough mixing of the contents and ·then placed in a 90° C water bath 

. for 20 minutes. The tubes were ·cooled by immersion in to the ice bath for 

1 minute·and then placed at room-temperature. After allowing 30 minutes· 
' '• 

.for color d~velopment, polysaccharide content was determined from a 
,.. . ~ ·~ 

glucose standard reference curve by per cent transmission at· 620 mu. A . 

~lyeog~n standard was pr~pared in order to check for complete hydrolysis 

of a known polysaccharide. 

4. Inorganic Salts: An assay of the inor~anic material was 

undertaken becaus·e various stages in the preparation of., Brucella antigen 

\ ' 

required treatment with inorganic salts. ·Five hundred milligrams of 

antigen reconstituted in distilled water to 20 mg/ml was dialyzed against 

4 liters of glass distilled water at 4° C £or 24 hours. The non dialyzable 

. portion was lyophilized at 60° C under a vac1,1um o.f 5 u of mercury and 

then weighed. Per cent inorganic salts was determined from weight lost 

during dialysis. 

In addition, 250 mg.of extract wa~ ignited in a tared porcelain 

crucible on the ignition burner. for 6 hours to destroy all organic material •. 

The crucible was cooled to room temperature in a desicator and weighed.· 

Inorganic material was determined from the per cent ash re~alnini in the 

crucible. 
.. ,_. ~-;.· ·:. - -·•,"-·r' 

. ,~ . . ' : . 
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-5~- ·water:_:-· Brucella antigen was lyophilized, until _a dry powder was. 

obtal~ed·~ .--~- The end point. of_ lyophili_zation was· determi~ed _by visual· .. _ 

.·.-. inspection o.f the ~ateri~l,· '~~nd ·~s .-such, the poss.tbility existed that 

·all.of the unbound w~ter·wa:s :not removed·f~om· the.'extract~·. Free water·· 

. ' - . 

of· the lyophilized. extract ·was determined by drying the materia~.·.· On:'e 

-hundred .milligrams of ·antigen obtained from a s-ealed vial was dried at . 

·_·, · · _ 110° C .. under· a vacuum . for .3 hours. . The material _was we-ighed .-.again and 

· ·the per cent 'water was determined by weight los~-~ Drying the extract· 
. . . - . 

at ~.ele:vated temperatures .might·have dec()mposed pa-rt of the material.· 
. - . . . . 

As a check pf the dr"ying procedure, lOO mg of ·Brucella antigen· .. obtained 
. - -

from- a sealed via~ w~s relyophiliz~d .-_under a vacuum of 5 u of mercury 
. . 

. ; at ~60° c· fqr· an additiona148. hours and then weighed~ Per cent> 

water was·determinedhy_weight loss~ 

· E. 'Animals: 
... 

\ 

·Ten·male_Whit~Rock chickens were obtained from Dr\·Ross Brown in 

·Aridersonville, Georgia' and two male White Rocks· were· obtained- from·. 

...... 

·so~theastern· Hatchery in Leesville, South ._Carolina. These roosters were· 

· all.'five to six months old. and weighed· appr:oxima.tely 4.5 kilogi:anis each.· 
. - . ·.. . . . 

. . . 

The, _r.oosters were_ given normal ·ca·re by· the- Medical~ Coliege of Georgia· 

·Veterin-ary Services •. · L~g b~nds wer~ plac:ed on the leg of each. chicken 

. ~as~ a:· means.- of id.entification and the serum· obtained from ·each chicken · 
. . . 

was nlllllbered .. ·a~cord~ng . t6. the. leg: band~ 

. :. _ . Ten young: adul~ -male albino guinea p_igs- wei-ghing. approximately 350 _ . 

-- .. · .. gr~s ·each ·were ·obtained from Mamie G~rdn.er tab-oratory A~imals ,:: Charl?tte-, · 

. North Carolina·. These- guinea ·l>igs· .were given normal· care by the· Medicat· 

··.· 

.. -~. -~~~ .. . ',: -· 

',-' 
' . ~. \ .' . 
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.·. 
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· F. Immunization: 
/ 

I 

Ten chickens received.injections of the material extracted from 

. L7 

·.Brucella abortus G-1.. These injections consisted of 2 ml of_ dissolved antigen· 

. and Freund's adjuvant complete (Difco) in a 1:1 ratio.. A total of eight 

· :f:njections were· adminis·tered to each animal.. Two control chickens received 

. eight 2 ml injections of a 1:1 Freund adjuvant..:.saline mixture •. The 

immunization schedule is found inTable I. 
' . 

The animals were bled by cardiac ·puncture prior to immunization and 

'on day 2.5, which was 8 days following the. final injec.tion. Chicke.n serum 

· co~tains a large amount of lipids which may interfere with serological 

. reactions (Campbell et al, 1964). Lipid concentration was minimized by 

. . . r 

starvin~ the chickens 24 hours prior to bleeding. The serum was clarified 

' ' ' 

of the remaining lipids by centrifugation at·IS,OOO rpm for 30 minutes at 

0° c.. The serum was separated from the solidified lipid material. 

.· 

. . ' .. 

. , .. -

\ 
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TABlE I 

SCHEDULE FOR IMMUNIZING CHICKENS WITH PHENOL. EXTRACTED BRUCELlA ANTIGEN~ . · . 

·.Injection number Day ·-- mgSample/ injection 

1 :;.1 2.0 

2 3 2.0 

3 5 3.0 

4 8 4.0 

·5 10 6.0 

6· 12 \ 8.0 

7 15 . 12 .. 0 

8 17 . 15.0 

Total amount injected 52.0 mg 

,., .. -~>··.·.•···--- .:..-~ .. :~.,.,... 
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G.·. Serological Analysis:-· 

.. <Ring Precipit_in. Tests:.· .. 

~ach serum ·sample was· tested· :fo"r precipitating ·antibodies by_ the ring .· 
. . 

· precipiti~ test performed by standard procedur_es •. "tn all cases the·. 

·. antiserum_ was ·placed 'in the bottom· of. 100 inm x 3 mffi .precipitin· tube . ·and the· 

·antigen was layered .on top. -··Tests -were -carri~d out. at room tempe~ature artd 

observed after 1.5-minutes~ ·Initial .. tes.ting was set ·up diluting. the. s.e:t;um 

-1:1 in phys_iological saline. :End point precipitin--titers-were· obtained. on 

· ·· ·all positive . serum ~amples. The_ antigen w~·s prepared by ·.dissoiv'ing. 100 ··mg 

of Bru~ella ··antigen 'in 10. mt ~f distilled water and clarifying the solu.ti~n · 

by centrifug~tion .at 25,~00 x g for· 30 minutes. ·The- antigen was ·:_serially __ · 

diluted' to dete-rmine the lowest concentration which would _give ·a positive . 

. reaction -with antis~rum· diluted' 1: i. 

Goodman et al (1951) reported that maxiinum precipitation of a posit~ve 
reaction occurs in chicken ~erum with a salin:e concentr-~tion of 8 _to 13 per 

cent~ . Ring tes.ts were perform~d on . .all serum samples using various salt 

·concentrations to· determine the· optimum saline: concentra_tion required for . 

precipitation. The serum wa~ diluted, 1:10 in 0.85, 8, 10 and 13-.per~ cent . 

. borate buffered saline and Brucella antigen in a concentration of 10 mg/ml 

was layered over the .serumiri precipit~n tubes. 
. . - . . 

Experiments were ~esigned to determ-ine" if--a~tibodies :were p~Oduced -hi -

response to DNA. Preliminary tests indicat~d tha·t ,her-ring· sperni DNA- w~th 
. - . - . . . . 

pH 4.'5 precipitated serum protein ncn_tspecifically •. Therefore this :QNA_ 

·was adjusted to pH 7.2-with 1 N sodium hydroxide.· .Ri~·g.precipitj.n tests 

. were performed by reacting chicken antiserum.diluted l:L with 0•5 per cent 
. .. . . . . ~- .. 

~~···~·· ,·,, .. ,~"··, ... -,.-.. - , sperm • DNA adjusted tO pH 7. 2 • . . ·---·,·:' --. ···:.· · .... ····-: .• __ ',....,.., -~;~ •• '1 ....,,._ .: • 

· .... .... : 

. ... ·., . 

. . -·- ' .. ';·.·.·. 

' ... 

:!"-
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Since Bruc_ella abortu,s G-1 was·· grown .,,on tryptose agar, the po~sibility'. , 

.· exi~ted that: (:hicke~ antiserum might have arttibodies-:prod\tced ih r~spons~ 
. -' - .. · .. · .. .-

_fo tryptose. Ring precipitin-. test-s were- set up using· chicken seru~ diluted,-
:· ;-- ·. -~· 

'-,. ··:l:'l' and 1_ per cent' tryptose··.as the' antigen .• 

· · Gel Diffusion:· 
. ' 

.·:Preer tube double. diffusion was' set up ·a.s de~-~ribe:d by Campbell ~et:):tl 

· ____ ' (l964). serum diluted _1:.1 
. . . -_ . ~ . . . .. . . . 

in sali;ra,e was mcixe'd with an equal volume' of 1~~2 

per· cent· Special Agar No,hle. (Difco) ~and placed as· the bottom layer in 100 tmn

·_x 3 nnn._gel diffusion tubese · After_the- _mixture.harderie~, 0._.6 per cent ·agar 
. ,: :._, .. , . 
. - . 

·-. nobel- ~as placed· as- the. intermediat:e_layer. Brucella antigen contain-ing 

·: 10-~/ml ·was-·ad4~d t~- th~· top· laye:r··_in the Preer tubes.:. The ·tubes'were 
~ . . . . . . ·:· - . ~ .. 

--_incubated ·at room temperature and observed after 12 hours •. 

' oU'chterlon.y ·gel.- di~fusion' plate$ ·were_:~.prep~red by pour~ng 20 inl of 1 

per cent Agar Noble. ·.containing_ 1:19,000 merthiolate int<:> _petri dishes. 

· : ~ells were cut in th'e agar alid the bottom Of these wtills\~ere sealed with 

1 drop· of agar. . Serum diluted 1:1 ~a-s placed in the ce:nter well and _ 

·:Brucella' antigen in concentrations varying from 40 ug/~1 to 2.5 ug/ml 

. - were placed in the peripheral w.ells •. -After ft.s hours incubation. at .room .. _. 

:temperature, s.erum and antigen .~ere·_ again- ~idded to 'thei~ respective we~ls-. · 

_Attempts to forc·e the antigen. 'to diffus·~--through. the agar in certain plates 
' ' . 

' ,_ were~ attempted :by filling' the. antigen wells twice·· a _day fo,r 2 days· ·and 

then,~dd~ng ant-iserum on th~ third day. 

Feulgen Reaction: 
·,· 

·:Preliminary. tests sho:w that the. F_eulgen. reagent. stains agar. ·inaking:.· 
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D~~. idetitification difficui"~. ~hen- DNA _is-:'~ncorporated i~ .the ~gar. 

'',. 
·.'-". 

of. the F~ulgen.procedure were. set up~ •. Se\ieral plates._with-. :. 

· :::DNA i~~orporated i~ agar were::. treated with l ,N hydroch~oric .. acid· at~-C50°-:·'c· 
. - . . - - ~ - - - .·.. ' - -. 

>·for ~5_, _10 and 15_ minutes intervals followed by .7xpos~re to· the Fe\tlgen ·reagent_: 

_for ·o.5, -·1 and 2 hours~ . The -modified, Feulgen ·re·action used in these stu~ies.· 

.. ·.is as follows:. T~e agar· wa~ tre~t~·d _with .l_·N hydroch!ori_c·;acid-' a.·t 50°. c ... 

• < ·•, • r ,· ~ 

for 5. minutes, staine_d with Feulgen reagent for· 2 hours, rinsed--with 

·:sulfurous acid· and_ wa~hed with. tap water.·· 

-· ·In :order to· det(.~rmine -if. DNA could. be· 'dete~ted in -agar, 1.0, 0.1, :. 

·. :0.0~-,-- 0.001 and .O.'OOOl per cent increment's _of sperm DNA w~re placed in._ 

.·-wells·· of OuchtE7rlony plates a~d allowed. to diffuse. · .. These -plates. wer~: . 

. -__ -·_.,·stained-with ·the modified Feulgen. pro¢edure. · Ouchterlony .. get diff~siori-
. ' . - . ~ - . 

. . 

, . plates. ·which contained a posi.tive· precipitin ba~d were al~:o ·stained by- the 

· modified Feulgen ·reaction to asc-ertain· if DNA was ·present in· the precipitate. 

\ 
.· Ag?ilutination Tes.ts: 

. . . 

. :Microscopic slide aggluti~ation- tests were: performed- ac-co:rd:i.ng to-

·. procedpr~s described by Lederle · LabQratories •. A 0·.2 ml -pipett~ .was used to 

.. _deliver. chicken_ ser~a_diluted l:.io :in s-aline .in"0.08; 0.04," 0.02, O ... oi:, . 

~ :0.005 ·and -0 ~002 ·ml- quant_ities ~nto· clean _·glass s,~ides. · _Us in~ a standardized-

.. dr_opper, one drop (O .'03 ml). of Brucella abortus. febrile antigen (Lederle · . 
. . , ·. ,- ' . ' 

. -::~::Laboratories) was. added t6 'the varying ·-qu~ntfties of s'eru~.'. The seru~ ·.and 

;: antig_~n_·v7ere mixed Wi~P, a ~WC)Oden applicator stfck·: and ·the slide·s were· 
.. 

_·:_:_til ted back· 'and :for-th. · Agglutinat;i.on which .occured within 3 minutes was· 

. : ~-- :c~nsidered a positive. reaction •. 

Tube .ag_glu_tlnation tests. described by Le·derle Laboratories were al·so · · 

.. 
I 3' 0:: • ' ~ •· 
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performed using chicken _sera and the _febrile antigen. ·.Each serum was,. 

,·::-d-iluted serially. in physiolqgic~l_s·a~in·e. so that ~-final vo~ume. of 0.5 . 
.. ·: '. : ' . . ... . .. ' . 

.. 

:·; 

·', ,.;.· 

ml of diluted serum was. obtained. . Pre-imnn,uiization sera. and sera. from 

control chickens served as controls.' ·one h·alf milliliter of Brucella 

abortus febrile antig~n diluted- l.: 100 .in saline- was· adde(l··to :each · 

tube., As an a1;1tigen c_ontre>l~ 0.5· inl of diluted f~br~le ant.:igen -was 

mixed with 0.5 ml of sallne • 

. ·observed. after· 24 hours·. 

Absorption of Antiserum: 
~ . . . . 

·.,:·one ·-tenth milliliter of chicken antiserum was mixed with 0"3· ml of 

Brucella abortus ·febrile antigen and incubated at 3}0 . C for 4 hours. 

After the antigen was removed by centrifugation at lOOO.x g for. 15. 

minutes, 0.6 ml_ of _12 per cent saline was added to t-he serum for a· 

final ~oncentration of· 1: 10~· 

. ·Agglutination tests us~~g· the febrile antigen w~r~\perforined in 
. . . 

--order to· insure comp.lete removal of. antibodies to :the· somat.ic-·antigen of· 

Bruc·ella. abortus~ Ring precipitin. te:sts wer·e then .. set up ~esting the . 

. absorbed serum with Bruc·ella,.antigen· •. Unabsorbed serum- diluted 1:10·_. · 

- . ~ . 

in 12 per cent saline -was used as the .controls. 

· . Extrac t_ion of Polysaccharides·: · 

Brucella abortus G-1 was harvested ~with'saline-after 48.hours 
' . ' . 

growth-and concentrated by·centrifugation. Methods-described by Oser 
.. - ;-· . l . -
(1961) wereused for extraction of polysacc~aride. The cells were -

·-

.treated wi-th 30 ml of '30. per·. cent potassium hydroxide and. the mixture was placed 

-... :-:.'.·-: . ..... , .... •.-· .. 

. ,· .· . ·· ... :.-·· 

·-·.:.·. 

• •. • I • ·-•. --~·~ . , • - "', 

'•,, ,.· 

.· · .. · .. ) 

. ' ~ ": '.. - ... -:.. 

', _,· .... ' 

-~ .· . '· 
' . ' . ~- .', . '. 

·.· .·. 
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,.·in a bo ilin·g water· bath -for 1 h~ur. ·_::·The solution was cooled and: 
r '. 

:'-_clarified by centrifugation~ - Ninty five·- per ·cent .·ethanol was ~dde.d to. _· 

precipitate -the·polys·accharide. The precipitate ~as_ washed'o~ce with 

-ethanol- and once with:· diethyl ether· and then dis-solved: in 15 ml -of 

~istilled water. 

The Anthrone- reactfon WC!S performed to quantitate'_ the .extracted 

, polysaccharide. Ring prec-ipitin test$ were set up using ·immune 

·chicken serum and. ·the polysaccharide ~s antigen in· order to ciete.rmi~e · 

whether or not antibo~ies in -the sera were -directed toward the 

polysaccharide .• 

. . ~ ' . 

·_ ~nzymatic Treatment of Brucella. Antigen'£: 

·'· .· . . 

Brucella antigen was treated with tryps:in.: (1:250, Nutritional 
. . 

. Biochemicals) accord.ing to the method.: of Phillips .'et al (1958). The. 

mixture, which _contained an antigen concentration of 50 ug/ml of DNA- .. -
\ ' . . . 

and .. a t~ypsin concentration. of 0 .• 03 percent, was incub~t-~d- in a 37° _c 

· .. ·.water bath for 1.5 hours. At the end':-of the . .incubation period, ... the·' 
. ' . : . o. . ·. . . . ' . . .. 
solution was chilled. at 4. c in-an ice bath to retard further enzyme 

·· · activity •. Ring precip-itin_ tes-ts· were set ·up using chicken antiserum·_ and 

trypsin treated antigen • 

.r:-
. The· extract was also treated wi'th-·deoxyribonuclea$e. (30;000 dornase . 

. ' . -
. . . . ··-

'>< .-units per mg •. ,· Nutritional._ Biochemical~>-" ac~ordlng. to the 'pro_cedur.e.- of 

Phillip_s et al (1958) ~ BJ:"ucella antigen was ·mixed .with DNAase so .~hat 
- . . . . . -

-a final concentration of 50 ·ug/inl .·of DNA and· 0.03 per cent DNAas·e was 

-obtained·. The solution ·was incubated ·at 37° c for 1'.5 hours and then .· 

. ·:chilled to 4° C •.. DNAase treated as· well ·as tintr,eated extract are.· 
..... ~ . .,.: ~ .. - . . . . ' -...:· ' . - . - . . 

with chicken ·a-~tiser\.un ~y···the: 'ring pr~cipiti~ test;.· 

. ~· ·, 

,··. •' 

·•.: --·. 

·-,

.·-

( ·:·. 
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Passi.ve ·Hemagglutination: 
' .· . . . \ - ~ . 

Passive .hemagglutinati6~ was at~empted bY;_ the me.thod of Stav;tsky 
·'. 

. . . 

(1958)-. One _·aliquot of Bumah 0 cells was c9ated with Brucella antigen 

·_,·and a second aliqu.ot -was coated with herring ·sperm DNA. A1lti.gen coated 

· erythrocytes were added. to inactivated chicken serUril ··samples which. were· ...... . 

·. previously absorbed with both human .0 ·cells· and tanned human 0 ·cel,ls • 

. : Diluent, cell" and serum controls. were set up.· 

... The Dische-S tumpf reac t.ion was performed on the co·ate.d erythrocytes .. 

. · >. ::. to .. detec·t the presence of DNA. Both coated cells and normal cells were 

·treated 'with cysteine hy_drocliloride and suf:furic acid and· the per cent 

·:. tt~risl.1ifssion was determined at 490 m~-~- ·This. tes·t: was· a· qualitative 

.determination of DNA and quantitative standards, we!e not. set up. 

·:Reverse .hemagglutination was per_formed. according. to the method of 

.. Boyden .(1958) . in order to determine the applicability of .hemaggluti.nation. 

· for- this _study. · 
\ ·. ' 

.:. .· . . t 

Passive .. Cutaneous Anaphylaxis: 

. ' . ~-:· '_ 

.-.Demonstration of antibo.dies to· Brucefla antigen and. to a·-commeric~lly 

prepa·red· DNA was -attempted by' passive cutaneous anaphylaxis according 
. . . . . :· ..... - .. -·· .: ·. . 

'· .. to the·method'.of· o·vary (1948). Chicken serum sampl.e·s w~_re·"injec·t~d in 
·. .- . . . . . . . . . .· -~ . . . . . . . . . . ' .. . - . -.. . . . -. 

0.05 inl increments intracutaneously into the .'shaven, backs of albino 
. : . . . . 

::_·guinea pigs. Fifteen ·hours later, o.s ml 6£ antigen mi.xed -with 1.0 ml 

' of E.van' s blue _dye (Warner) .was· injec.ted· into· the heart~ of each guine_a · 

·. i .pig •. 
. . .. . 

Injection sites -were observed for 1. hour for.- a marked .blue coloring 
' . ._· · ... - '·.. ' 

~':/:i;(~).;~~:.'-~;'"'""~(Sh~_·J~njected: area~, ..... The aAim_a.ls_ ~~te:. t;h~n .. s·acr.if'iced an.d ~pe.ir .. s¥ins·. · 

:>::'::r;_·:;,.~; .. ~,~;_~~moved. · The: subcut~tieous :sur~ace ·cf the skin was.·examinect ·for -e~-idence ·· : ' 
·,. ,· 

the 'blue ·dye., ,·.,·' 

:.·: . ..:.. 

·',_,·: 
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RESULTS 

The Organism: 

· The organism is a gram negative,· non-motile, asporogenous, -cocco-

bacillus less than 1 u in leng"th a~d about 0.25 u wide. On tryptose 

agar, small convex, smooth, translucent colonies appeared within 48 

hours. This culture doe~ not require an increased carbon dioxide 

environment·, but gro"t~th is slightly enhanced when one is provided. 

Biochemically, the organism does not ferm~nt glucose, sucrose, lactose, 

maltose, or mannose. This strain is both catalas,e and urease positive. 

The organism is inhibited by 1:800 dilution of thionine and grows in 

the presence of.a 1:200-dilution of basic fuchsin. All of these tests 
\ 

confirm that the stock culture is Brucelfa abortus .(Breed, 1957). 

The Growth Curve: 

A growth curve was prepared by counting viable cells 'incubated at 

37° C for various increments of time. ·Figure I is a graph of the 

logarithm of viable cells per millilit~r plotted against incubatiqn_ 
; 

time in hours. From these. data -and from reports of-Thimann (1963), that 

the late logarithmic stage of growth w·ould be best· for DNA extraction, 

all cells used to prepare· the antigen in· this study were ~harves.ted 

after an incubation of 33 hours. 

Biochemical Analysis: 

Table II represents an outline of the chemical' analysis of Brucella 

25 
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Growth.Curve of Brucella abortus G~l Grown.on.Tryptose_Agar 

5 10 15 

\ 

Time in Hours 

0 \ 
5 

. · ... 8 
17 
21 
24 
29 
32 
41 

... 45 
'.·· 48 

-5~ 

20 25 39 35 40 

Time in-Hours 

• 

'. ·< / 

45 50 

Cells· Per Ml 

5.50 X 106 

1.96 X 107 
8.30 X 107 
9.20 X 108 
1.49 X 109 
2.69 X 109 
4.75 X 109 
1.34 X 1olO 
6.35 X 1o1o 
5.58 X 1010 ... 
4.67 X lo1o. 
6.08 X I ole 

'\ 

55 60 



·27. 
·, ' .. 

. . ~ •. . .·.:· .. ··, 
. ., , .. 

'•t. ·.,-,· ... .-

antigen. The following· data describe . in· detail all results obt~iined 
. ·. =~ .... 

'from the analysis.· .. ·. 

1~ · DNA: Diphenylamine and· spectrophotometric analysis at 260 mu · 
. . . . 

has shown that each mg of Brucella antigen cont~ins 40 u_g ·of DNA •.. This 

·.comprises 4 per cent of the· dry_ welght. T~e Di.sche•S~umpf reaction. 
. . . . 

'".·.',-,·,.·;·revealed that 500 ug· of 5 per cen~ o'£.10. mg of extract was DNA. Nltrog~n 

· phosphorous mole ratio of Brucella antigen had a· rang~ of 4.08-4.13. 

The extinction coefficient at 260 mti was .7, 900-8,000. 
. . . . . 

2 •. Protein: ... In 25 mg of extract, 60 ug of protein :was dete-rmine·d 

· by the Folin-Ciocalteau method, by the Biuret tes.t and by ·sp~ctrophotometric 

· ana·lys·i:s __ .·at .. 280 mu. · Per cent protein -o·f 'the extract. is 0.25 per· cent.· 

3. Lipid: . Determinat.ions usirig the Folch procedure has revealed· 

that 0.4984 g of extract contains 0.0054 ·_g or 1.08 per cent lipid 

material. 
. \ 

4-;'"-Polysaccharidef:' ·.The Arithron:e re·acti.on.revealeC!--that 6~667 mg. 

of extract .. contains· .3 75 · ug of. polysaccharide. It is. calculated that 

· .5.62 pet:: cent of the material is. polysaccharide. The reliability o~ .: 

·this reaction was checked by ·_a compa~ison of a known amount o·f glycogen 

. and: the glucose standard~- . · F_if·f:y ·micrograms of glycogen was show to . 

cor,.tain 50 ug of glucose by the Anthrone test. 

5.· •.. Inorganic ·salt: ·To test·for salts, q.SOOO R of Brucella 

antigen was dialyzed· agains·t distillec:l water.· . After. dic9:lysis,. the. · 
. . . 

. ·nondialyzable portion was lyophilfzed and found: .to· weigh: 0.2374 g~. It 

.. ·is· calculated that 0.2626 g or 52 ~52 per .cent is dialyzable.· The 

·ignition of 0.2soo· go~ extract produced 0.1132 g ,of ash. Per cent ash. 

of· the· total .extract is 45.28 per· cent •.. 
. . 

.·. . . . . . . _· 

6. ·wa~er:.-He1ating 0.0945g·.of'anti.ge~ to 110° c,.0.028'2.g or: 

··: . 

.',':..:, . -.. _ 

· .. _·,·· .- .. ,• 

. . 

0 
'' 
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' 29.84 ·per cent of the material 

. . :~. 

.. : ' ~ :·: ' . . . 
. . ~ ' 

"'_ ... 

,. . . ·-

wa~- evaporai~d.: . ~elyophilizati9n of. 

. 0."0734 g of extr~ct for 48 hours revealed that. o·~024Q ·g or 33.92 _per::·:-

cent is~ water.· · 

-[' 
, In Table III al s~ary of the composite. quantl ties _of ·Brucella. 

. ' -

. antig~n is depicted. __ I~ can.be seen. from the~e data that inorganic s~l#s 

_-·_ -~:_a~d -~at~r comprise FO per ce~t -~f.:the ex~ra~:t:· Polysa,ccharides -constitute 

.5.6 per cent While rnly 4.5 ,per c~nt Of the material is Dfu\.; The· 

antigen also contains .. 1 per cent llpid ·and_ o-~25·. per ·cent protein. P~r· 

. -centages reported rlpresent the averages obtained frOm results of ail 

· · ·.procedures • · 

. ~ '- .. 

. ·. __ -. 

'~· .. 

-·,:;; ... ·--· .. :·.":'·' 

.l·,r,, 

: . .... _. 

. : -~ 
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.TABLE. II . 

. ' .. -

BIOCHEMICAL ANALYSIS OF PHENOL EXTRACTED BRUCELLA ANTIGEN. 
-.;--.'-

.. Material Test·. ·'Milligrams/Gram· of Antigen· 

1~ Absorbance at 260 mu 40.0· 

2-. Diphenylamine .· . 40.0 

3. Dische-Stumpf -so.o 

Pro·tein l. Absorbance at 280 mu 2.5 

2. Folfn•Ciocalteau_ · \ 2'~5 

3~ Biuret 2.5. 

'tipid Folch -· 10.8 

. Polysaccharide Anthrone 56~2 

Inorganic ·sal t:s 1. Dialysis 525.2 

2. Ash content 452.8 

- · · Water 1. Heating to· llQO c '298 :4 •' 

.·:.· .. · .. 2~ R~lyophilization 339.2 
·-

'-

· .... ·· 

.-·, 
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TABLE .. III 

COMPOSITE·QUANTITIES OF MATERIAL FOUNp IN BRUCELLA ~TIGEN 

Material Per cent of Tota1 

.. - ·-DNA / 4.5 

. Protein 0.3 

·'Lipid l.;i 

.Polysaccharide 5.6 

Inorganic sal t_s 48.9 
·" 

o_/Water 31.9·. _, 
\ 

·92-.3 MATERIAL-ACCOUNTED FOR 

:·UNACCOUNTABLE MATERIAL. :_7. 7 

......... --..-.. : 

: ' . -~ .. 
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·'.:"Ring Precipitin- Studies: . . ~ ._. 

.. ,· .. · ·', · .. 

·The ring precipitin test was found ·to be .s.~tisfactory. for the. detection .. 

of· antil:>odie.s in chicken serum to ,phenol extracted Brucella antigen• ·six 
- . . . . . . . 

. serum' s~mpl,es:, post ·'immunization ser'a 716, 719, 747, 769, 77q _and' 774 
\. 

'diluted 11.:1 in physiol~gic'al.saline, produced a preci.pi·tin.ring when 

::· .. overlayed with Brucella ~nt-igen in concentration of: 10 mg/ml. All pte~, 

~-immunization serum samples and ~erurn_ fio~ 'c~ntrol chicken~ ~~re. rtega.tive • 

. S·alirie control$· substituted for ser~m- ·and/o·r antigen were ·negative.· 

. Serum titet"s were. obtained by d.iluting _positive sera ·1: 10 in _s,al~n~ 
- _- - . ' -: .. 

.,_·. 

· ·· .. ·and. diluting the. ser.a t~o ·fold until end points were ·reached st·a:rting 

- .. ·.,. 

.-- . . . . . - ·' - . 

·~ith ·an ~ntigen .in concen-tration ·of 10 ~g/ml. Ser1.1m titers r_eport'ed·. 

in. Table:, V ranged from i :40 to 1:160 •. The antigeii' was _:fi;lso .diluted 

serially to determine the minimum concentration required to give a 

posi,tive ·r-eaction with antiserum diluted ·l:t in saline. ·Table IV shows 
. . . 

_. that njinimum ant.igen conce~tratfons required· for precipitation .. ranged.· 
. .·,· .. ·. . \... '... . .· 

·£rom 125 ·ug/ml to 500 ug/ml·._ There does riot -seem io. be: a correlation 

· .. between high .serum titers. and minimal antigen con'c~ntrations in ·the ·:ring 

···precipitin test. 

In testing_ -for the· optimum salt. concentr-ation ri:f; chicken serum· .. 

. >.nec:-essary for precipitation, .positive re~ctions occured with 8, 10 and·-_13 
- - . : - ·- .. 

. .- . -_- ·. - - - -- -_ -

pe:r.cent saline. Only those sera which produced precipitates in-
- . - . . 

. physiological saline,' were positive 'and. it was noted that· higher 
- -. -

,. _concentrations of. salt resulted in a slight increase in precipitation~ .. 

_._,·:_·.-N'o·pr~cipitation o'ccured with pre-immunization sertim nor-in control·sera·.: . 

. with. increased salt. concentrations when· tested with the antig:en • 

. ,· 
,f.·· ... 

,r' _-f 



-TABLE IV 

.. ; ' ·:RING .PRECIPITIN TEST USING. CHICKEN SERUM AND BRUCELLA--ANTIGEN.· 

.1 

·_:., 

· · Serum Sample 

705 

716 -. 

717 

719 

.721 

t47·· 

'762: 

769 
. ~ " 

t' I ~ 
. 770 

:774 

76i* 

.7BO* 

·Serum titer 

1:40 

1:80 

1:160 

i:320 

.1!"160 . 

Minimum antigen concentration 
-- r~quired for precipitat10t1 

· ·_ 5oo ~g/1n1 

·-· 
- 250 ug/m1 

• 250. ~g/ml. 

250 ug/m1 
. \ 

125 ug/ml 

5'00 ug/ml 

. .__ .. · 

··*_.-.Serum from control chickens re,ceiving .injections of ·adjuvant and· ·sall.rte • 

. '.,:. 

·:.·: .. -.··. 

- ·- . •• t., 

.'.32< 
~ ·. ' 

-': 

. ._. ~ 

··,·-;. 

... ~. : 
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. . . 

·Ring· Prec~pitin tests reacting _Chicken serum with· either ·tryptose o~. 

' . 

sperm DNA as antigen produced. negativ_~ results~ 
.... 

Using polysaccharide extracted from _Bruc·ella· abortus·~ G-1 as antigen-,·- .. _._ 

4 serum samples, pos_t immunization sera- ·747, 769, 770 and· 7.74 ,produced . 
" . '.. . . ·. . 

a positive riug. precipitin. Coritr~ls :were, prepar~.<i. by using serum from .. 

· uninoculated chickens as well as . pre~i~un:izati~n- sera'!_.· .All controls 

were· negative. Analysis of the antigen-_ by. the anthrone. reaction indicates 
. . " .. ·.' . . . 

. ·. ·that the polysacchai:id~ concentration --o~ this crude extr~~t is· 7 .• 3 mg/ml .. · 

-As_ a. comparison, the c~ncentration .. ()f. B-rucella. antigen. used as antigen in: 

.the ring. test is. 10 mg/ml and 5.6 per c~nt or 560-ug/ml i~- analyzed ·as 

polysaccharide material. 

Absorption of Chicken ·Antiserum l~ith Bruc·eila .-abortus Febr.ile Antigen: 

Post imrilurtization serum sample_s 716; ·719, 747, }6·9; 770 and 774 which-

\ . . . 

produ~e positive precipitin· and positive aggl~tinin·· r~ac;tions were abs.orbed-

with Brucella abortus febri_le antigen •. Micro~copic slide. tests were set up 

reacting the ·abso~bed se.ra wJth the: febri-i~ B:n~igen~ Unahs<?rbed _sera 

agglutinated the. antigen whereas the ab-sorbe4,. ser~. showed:no positiv-e 

. , agglutination. .In ring precipitin tests using Brn.celTa ant1gen . in 

-concentratiori .. of 10. mg/ml, unabsorbedsel;'Umproduced ·a positive-reaction 
... . -:· -

- and the absorbed serum was negative. Abs~rbtfon ~f the chicken antiserum · .. 

· ·: :w_ith Brucella abortus febrile· antigen .remov~d al~ an~ibodies to the 

-particulate antigen as-· determine<ft&-. the agglutinati6n_ -test. ~nd to the· 

·.soluble antigen as determined by the ring preC:ipitin test. 

treatment of B~ucella Antf8en.: 

. . . ~ :; 

.. , -_Brucella. a~tigen treated with trypsin.<_·q.id .not> a.f.fect.·_: ·the ring 

.. ' 
' .... •; 

-••• • • ,·• ••• _ •• ol, 

_"·::' 
.. -

-·::-_·-

,··: 

. ~: 

. :.~~ . 



.. -· . -· ~ 

.-. 

~ . .,_. . . 

. -t~: ~ .•': _:-:'"· .. -·.' 

,_. _·precipitin ~~actio~: of- fiv~-. pos-itive sermn s~ples bu,t ·pr,e~ented a-
. . . . . - . ~. . . ' . •'""' ~, . - . -- ' . 

,·,,_ ... 
positive r~actlon with serum s-ample __ 716 •. -~-Tt~~tment ·of'-the 'antigen 

. . ~-

~- ;., : ~- . -

with -DNA-as~_ di& ncit 'alter the --r¢a.ctlvitY;_ wi.th- po.~i':tive- sera_. 

' ---. : . . 

. -"Gel Diffusi6n:.-_ 
- . - . 

· ' ~-- · · -::A single· diffus_e _-pr~cipitin bErn~- ,qcc:ured_ in _Preer -double diffusion'. 

-tubes at th~ interfti~-~-.- b~tween- the fnter~ed:i.ate agar _l~ye~ and. the 

ant-lgen. · This _-reactio11 9ccured in· ttig~s-: ~ontai,_ricing post: immunization 
- ,. -

. ' - ' . 

- '.' 

Fi_gur·e_2 illustrates t-hat-· · 
'· _. 

· ~-- Brucella -_a"Q.t~gen does not migrate:: welf_~through _the· ag~t, · _J:t ·appears 

that precipitation wa_s,- the 'result qf.- serum alone_ ·_g__i~f'Uff~P,g through the' 

.-' .. _ 

agar and reactb1g :-with the e'xtr_ac.t>at' the_--it?p of :t11({ intermediate ·agar - · .. 

.... ~layer.-- Control tubes :were prepared. by. ~~bstittiting, saline· for -t~e_- · 

-:_antigen-- in tubes ·which had· a_ po.s·it.i.v~-z-P~ec-ipita_tiotl,~_ ·control--_ tubes· anci 
.,.;· 

-. 

tubes·- c~m:taining_ pre-~mmurii~a tic:>n _seFum or setW'n .-(rom con:tro·f chickens 
\ 

were. ~egative ~-

tn Ouchterlony double -diffusion p_l~tes;, _a. -single copious precipitation_ 

region was observed after 72 ho~rs _with _po$t- ,irflmunizat*on' set:iun.' $amP.les·- ' 
. . - . -

· 716, ;719, 769, · 770 ·a~d: 774.--- -Figtrr:e. 3 .shows· .that.· pr~cipitation. app-ea~ed _. 
. . -. - - . - -

.. , . . -. . . ' ·. 

_·_ -b~ the inn-er··aspect of the antige~ well facd.ng _ the?_-_ant1s~rum. : _ Greate_st 

-_precipitatio~ occ~r~d -riext . to·':wells .. cont~illiD:g ~~tigen. c~~centrati6ris: of 

-- _ 40 ·mg/ml and~ iesser·.cdegr~es ·of pre~:i:-pit-atib~ --w_er~: note~_ with -decrea$i~g · 
.. , 

-~; - extract _concen'trations-• Precipi-tation was not:_,found ~tL pre-im!m.inization-
- . ' ' -

.-.sera, with controi- s~ra, 'whell: ·saline was substi.t~ted for -·antigen _in-
- . 

' ' . ' , -. . 
' . .. -

. . . ~ -
po-sitive. reac:tions. With bo-th Preer t,ubes·: an_d Ouchterlony plates·, it.--· 

. - . . . 

,·appears that·Brucel~-a a~tigen· did_-riot diffuse ~ell through' agar.·--· 

. ·•, .; _.: 

... -. ~ ' . 

' .. _, 

--- . . _·1-,\.-. 

'' ·.-· .\. '· 

'. ~ . 
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·FIGURE 2 

PREER TUBE GEL. DIFFUSION 

_~/·antigen~ 

~ -precipitation 

agar 
~ _.. 

I 

\ 
( serum 

Pre-immunization Post· immunization 
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. · • · .. ·.· ..•. A= pre-immunization· serum· ·. f;, -Clntigerl concEmtration·. 40 mg1ml··. 
2~_- antlgen: concentration ·20 mgtm·l-

. B~=- post im·munization. serum--- - ·:3-~: antigen: concentratioh_lO_ m·g/ml-. -
. -- 4= ~ntigen· concentration -:s_ mgimJ ·.-

· ... :·. ·' "':. 

·.,5= a ntlge.n concentration 2. 5 mglm t · 
· .. ·' . -. . .. ' 
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. FIGURE 4 

OUCHTERLONY GEL DIFFUSION 

A= Antiserum_ diluted· "I:! i.n saline . 
1 = Polysacchas ide. containing 7.~J JJ1g/m 1. 

_ 2;- Brucella antigen containing 10 mg/ml 
· 3= Brucella febrile antigen 
4= Ruptured Brucella· cells 
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· Feulgen Reaction:- - _:_' -_ - : '~--___ . . · ...... 

'.. . . 

--.- Control 'plates -were se_t_ up---in _which DNA w~s _allowed ·to:· difflJse··· 
.. t.· 

. ·.. . . . '.· . ;· . 

···-_.~through agar. DNA was specifically st·ained and the agar~· was. non. reactive· .. __ 

.. ~ ~ 

- ·~sing the modified Feulgen. r_e-~ctio~-. As· lit'tle :as-- 100 ug/mi o·f DNA 

.• -d-iffused through agar c'outd- b~· detec teci ·by this method • 

.·. 
Plates having pr.ecipi~ln barids were_ treated wt_th the Feulgen 

reage~t. None of these-precipitin bands stained.Fe~lg·en-pos:itiye~ 

.-Control plates_ wi.th --n:NA 4iffusecf through -the ·agar were treated- togeth~r 

with the Ouchterlony plates ·and stained Fe_u~gen positive. 

A~glutin~tion Studies:, 

. Post immunization serum samp1~s 716, ·:_719;- _747., 769, 770. and 774~ 
. ' -

' ' . 

diluted l: 1 in saline, agglutinated whole c-elts of Brucella abortus 
- I 

G-1 ·tn_-a saline su$pens'ton. · Pre-iinmunizatiori serq;, ~ert:mi from control· 

chitk~ns, and physiological saline fa~l~d-to _agglutinate the orga~i~m., -
- - . - . - \ .- ' ' .. 

-Chicken serum was also tested-·.· for-- ~ggll!i:inating· a~tibodies to 

Brucella abortus fJ2~brile_ antigen by both the. micr~s:copic. slide and tube 
-j 

· agglutination tests. Serum titers were _9btained frotn the smallest 
' . . 

- ' -
.. ,; co'ncentration of serum d~lut'ed serially in sal~ne·'which would agglutinate. 

·_ th~ antigen. It can be se~n in. Tabl~ V · th~t·· serum :liters to -.-the febrile 
.,.· . ' -

.. '>: antigen- obtained from the_ microscopic' ~lid~ aggl~tination tests' ranged 

In the.- more sensitive. · t~be,._~gglutination ·tests, . -· . ~ .. . " - ~ ~-

. - ser:um··- titers_. ranged- -~rom 1:160- to -1:2:560.-- Pre..:irtlmuniza-tfon·· s-era, -s~~a _ ·_ . 

-:· : ~ from control c?icJcei\S·, and saline_ all prod~~;ed. negative -~esults. "_·A~~-
correlation was noted betw~en the febr.ile antigen artd Brucella abortus G-l 

in, that -both ~ntige~s were agglutin~t,ed -by, the same ·serum samp~e-s, post-

~. . . 
. , .• 

•' .~ ··. : ·-

j ~- . - •• 

;_· 



. TABLE V 

AGGLUTINATION TEST· OF CHICKEN SERUM AND BRUCELLA ABORTUS FEBRILE ANTIGEN 

Serum Sample Slide Agglutinatfon Titer Tube Agglutination Titer 

705 

716 1:1()0 1:320 

717 

719 1:80 1:160 

721 

747 1 :'320 
\ 

1:1280 \ 
762 

769 1:320 1:1280 

770 1:160 1:6!1-0 

. 774 1:320 1:2560 '. 

761* -
780* 

* Serum from control chickens receiving injections of adjuvant and· saline. 
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··. _-

':: .... 

' . .' -_,. 

immuriiz.?tio~ sera '716 ~: 7l9,- 747 ~- i69, 770-:and- 774-:-.-- _-The febl-:11.~ ant_ig~n . 
• •• ~_: • •' ".·: ... ,-; • '~ ",.' '~ ···,.:··~ .~·· L +•;;.·,.~~~-,·, >·:.·_. • :~ :; • ,. .·, ~. 

··. ~-
_was. p:rep~red. from. Bruce1_la .abort~s- -~s\ra._i~:fp8~ _-o;-~~inal iluddle·s~n 11251--

' ... :. '. 

(Halllf!lond,' 1966) • . ·.: ... , 
. ,, .·. . ; 

Indirect -He~agglutinatfm):'·_:_. 
- ;- •'. 

. ... 

_:_ Spontaneous agglutin.at_ion o~ hJm:~~:~··cetl&.:::6ccure·d·_'_ in.:a~l- b.ibes _in- . _ 
.... 

which. chicken· serum_was_.add_ed. · _- It.,,app'ear,s_ af?:.',t~o~gh ~~terq_~:ogous 

·_antibod~es' 1n chicken serum to' human e~ythro~yt~s 'could' :'not- readily be' 

· abso'rbed. . ___ ; ,· 

.-'.;:· .-· 

·_. Adsorption. _of.. Brucella~ antigen --1l~d :DNA -ori:~tl}~- surface ·of tannic 
' -

" ·-
.. _-acid_ treated red blo<?d c~elis :~a,s ciemorts.trfit~d ~pe~,trophotomet'ff~alty _ 

,· 

··:,:· .. :by_ the m~thod_ of ·st~mpf (l947}.-.. Th~:_ ~ppe~-r-~nc~_· of a .. pink _color·· in_ -the- _ 

___ l_: solution ·when both. prepara_tions _ wel;.e. treate:q _wi~~- cys-tei~e ~(~.r-6_.chlorid~ _ 

. : -~. 

The injection. sites Qil:' til~ baCk. Qf the gulD.ea pig ~re Observed fbr 
·• 

2 :·hours- a-fter -_inoc-ula-tion. A ~h-l,~e ·:_c:olora:tion -a,~:- t;hese ·site·s- ·indicative·· 

of an antig~n-antibody reactiori,. d-id rto.t: ap~ear:: .: :It-~app-eat"S -that -t~e_ .. _. 

animals __ w~re pr~periy inJ~~t~d with- the ~nt:.~g~n-~Evan' s ~blue dy_e::;_?.lixture·· · 

. because the·. -eyes, nos~, ears-, ~outh,_ .. Eongile:· -~nd- .p:aws were- tinted -

:blue._. Examination of the subcti't'a~~ous-::s~r:face of_ the skin. also Jailed t·o 
~ - ·. •' 

·: indicate a·posi~ive :reaction.·· Pas$ive _cutaneous·_ ~naphylaxis to chicken.-
·- ... '• ,. . 

:antiserum arid. Brucella ant~gen or. DNAw~s ·no.t ·:ob$erved · iri the·: guiriea:._.pig:~·.·. ·.-

. ' 

· .. , 

. ' 

-~ .. 

_._,:::-.. 

'.-



.. ~-

:_ - -~ - •: -

.. - . 

- ' - - - . - '~ : . -~ ~ . ' ;. 

~- . ·-

- ... : 
··" 

-:.: ~ - '', 

--- ,. 

._··_·. __ . ' .. ' ;· , ~ 

·- :· -
' - ~ ' " ~ - -, _.., 

'I, ... 

. ·_. -. -_ ~ ' ,' 'DISCUSSIQN _._. ': '· .. ·· 

' . - .. 

One ·of the more important aspects- of this: research *.a-s' to ·ascertain if 
.. 

'', --- '_,· 

.·.phenol extracted _DNA (Braun e t al, 195·7>' was an-tigen-ic iil. c-hick~ns" . 
- . ' ... 

· ·, ··Biochemical analysis of:,Brucella .·~nt~ge~ h~s shown that DNA i:s- ·onty a- minor . 

c~mponent of .t-he exir·act .' : Results .. from: thr~e methods -.of- analysis- -~howed 
. ~ . ' ·. - -· -. . . -~ . 

·~ · ~-that DNA comprises 4 ·to 5 per: -ce_rit;· .of the ext-rae t·. _ · Braun· (1965). indicated 

-_ .. -that. this low P,er~en tage·- of D}TA in-'·_'Brucell~_ an tige'n:- was· a result :of the 

· ·,.-extract being ·lyophilized· •. _ _.Howey.e_:r Chgrgaff and D.avidson .(1955) repo~t~d. 

· ·· that: drying DNA:· doe~. not :dtmin~sh·-_the- quant-ity:obtainr=O _n9r-:do'e~-- it hamper.· 

.. ·the -.cherrt'ical analysis of thi~- :sub$-tance;._ Remqval· of water does alter the . 

. -structure of. the m6lec~le.-.. ·RNA. was no·t a~alyzed:~p-er: s~ ·because· determination-: 
~ ·- ~ ' -- ' : - . 

. . :of the . extract by spec·troph9t:ometric; p~ocedur~s. s.h.~wed t.l)at- A·:· per cent o_f 
-· . . ' ' . . . - .. '~.. -_ . - - . - \ ·- . 

. . . 

. the .. material ·was nucleic acid.-- ·.Since· the--'diphertyiamin.e. reaction indicated_ 
<.. • . - ' ~ 

,., that· 4. per cent of this fi!at.e·ri.il- fs· DNA, it- was· c-onclud~d- :,that· .RNA could -·. 
C· 

only. be present in millt1te· a~oun-ti lf at all~ : 

, ·:.a· third _of the·_ dry "weight is ·free .w~~er. -.The .high salt.:c,:o~t~nt. is· 
-· _..,-

--

·:a_ttrfbuted in- part· to the ··citr.ate·~-~Iine. -solu-tion ·used ilt extrac·ting ·the 
_- . ~- ~ --' .. .· . . - - .. _. - - . - ' 

. the: 'organism was gr()wn. and'· in _part.>to _the inorganic· constituents of :the 

, .· bac·t~tial·· cell~-- ··An ~xpi.anation· fo~·:·:ith:~_ -1arge· amou~t of.fr~_e:::w~ter .ili the . 

. a?tigen· is that' _a '11dry11 extract was obta:b:{ed:- a·fter. lyoph~li.z~tion .for. 48- . 
. . 

·· hour.s and.lt wa·s· assumed that all :the_l-7ater had~_ been removed. _.-6~1y after.:. 
- ..... 

,-: .. _-. ;, ' .. -_.' 
' --·· ~ ' 

- '~:-

. - ,: 

. -·' . 
'._·:_ .· --

. '.~:. ' - ·-
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additional dry~~g was more water detected in the. extract. ·-_ Pol;saccharides . 
. -_" ....... ·,.··. - . 

. _- ' - . .-

'" ·constitute· a significant portion of the antigen. This finding is __ supported 
- . . 

by reports· of Ma-rtinez-Segovia ·et -ai · (1965)_ ·that. phell:ol extracted ·nNA _ 

·.:':< -precipitated- by ethanol contains .lB.~ge amount'~ ,of _polys:accharides. -Treatment 

of the extr~ct with chlor~form res~lted in the antigen cont-aining -only 1 pe_r. 

~ent lipids and 0.25 per cent protein. ·A signific~~t asp~6~ of th~ -

_>biochemical analysis is that more ·than one proced\lr.e was used to quantitate 

each component of the extract· and the results· were ··remarkably consistarit. 

_ Evidence is present-ed in this s t'udy tha_t~_ phenol extrac-ted prucellB; 

·-_:·antigen is a~tigenic in chickens~-:- R~ng precipitin tests were used to-
\·. 

-. -.demonstrate the antibodies present in chi_cken antiserum· bec~use of 'the----

simplicity of design and high degt·ee ·of acc~racy. -• The ring· test has sho-v1n 

_---_that. 60 per ·_cent of the injected chickens _produced ._ai:1tibodies to Brucella_· 

antigen. It should be noted that Plescia et al (l9-63) ·reporte·d that- only 
.· -. : - . . . ' 

5 per cent of rabbits inject~d with ·Btuc·ella antigen p;rd~uced detectabl~ 

11 anti-DNA" antibodies in response -to th:Ls_ extf.act_. The- abse:nc.e of antibodies 
. . ·. 

reactive with- the extract in pre"'immunizatiori:. serum· arid in the· serum -of 
. . - ·-· --- . 

control chickens indicates. that ptecip_itins we.re produced 'in res.ponse to- the-_ 

-_injected material. 

::_In these --studies chicken antiserum agglutinated Brucella abortus G-1~ 

Tapley and Wilson (1936) report .that .norm~l.chickens frequently have 
. . -· -. . 

agglutinins· tq Brucell-a abortus in titers_ as high· as_ 1 :200~ In agglutin~tion 

· . ·studies us-ing Brucella febrile antigen, a11· of- the pre- immuniz_ation and 

:'.c:_:~ontro( sera wer~ negative and the :positive .~era had tite-rs· as high_ as_·· 

1:2560. It is -therefore· concluded that the chickens used ·in this study~ had 

. -.:.no .. prior exposure to. the Brucella· orga-nis_ni __ ~_e~tectible by-methods- utiliz~d ·_, 

. , .. . :. '.··.' 
· .. ' ' -· 

. : :' ~ ·: ·-. ·-. 

# _: 
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·'' 

- '. . ·. .. .' 

to the .inJections· ·qf -.-Brucelia .. an.ttgen.: 
- ,., ' 

.... :·.A correlation · c,an,·be. drawn bet~e,en th~· ring ,_prec_~piiin test and _th~ 
., 

... · · ~gglut:inatio~ i:est":_,·_-.Alf.serum samp'les which--produced positive :p~ecipitin. · . 
. ,... .,_ .' . . ' ' .. "- . . ' -. -

.;.. . 
-~ -'ri!igs -·alSQ agg.lut~it"ated W~Ole ·-cell~ :and. t-h~- febrile: antigen •. An.tibpdie·s 

~ . . . - . . .· •. .· . ,· .· . . . ' . -

'h .. . • -

·~to the whole. ·cell ~-nd ·to: the extract- co.uld-' ]?e· re~ov~d .by·.absorbing 'the 
.. 

. . 
. . . 

· antiserum with .th~ .febrile: a~tigen_~,· :rn ad~itiori, Olitzki. et al (1959) 

·_r_eported ·that Brucella .an:tigen a.s ·a::·v~ccine protect~-d mice agains.t 

·brucellosis. I:t appears>that anti~o41¢s _.to Brucedl~~'ant_igen were formed 

·. against ~urface comp_one·nt of Brucel-la abortus .and probably not aga~11st 

-~aterial d-erived .from the internal·· ~tructure ~f .the: org-an!sm• · · · 
_. 

·.Antibodies to· Brucella· antige.n--:.were-: _ _.not. ~ciemo.ri~trated :by passive·:· 

hema~glutination·._.; ·.Suffic:.ient work·-was. riot.- done. with this ·technique ·arid 

no. ·co_nclusion coulq. be _made. · Passlve · cutan~ous. ~naphyla~is · ·t:t, .Bru~eila 

an.t'igen has ·been .rep~rted by·. Miesch:er-.e._t·.·al (1960). · lio:Wever .this 
. . 

procedure is inapJ)lic.able·. in d~monst~at.in:g· :anti'bo~i~s present in chicker,. .. 
\ .. 

ser~·- · Halpern (1963) reported· th~t hyP~r~ensitiyi·ty of· chic.ken ·serum 
. . 

· ·can not be trans-ferred t~ the guin.ea- p.ig.·· · 
. . . . - . - . . 

. •, . 
. -. . ~e u~e of agar gel t'echniqu~s:· has showri that· :Brucella antigen does· 

· .. .- .'l 

. . ' ~ . - . - .. . 

not migrate.: well through. agar.:· ll_l·'_ .. Ou~hterioni plate~ r_ea~ting -Bruc-ella_ 

.. :._·. i~ 'the·· well containing anti.ge!}.- ·Re~~tii1g ·B:rucella .. _febrile an-tigen ~ith ·· 
,-,. . " . 
. :antiserum, ··qne ·precipitin. band~ a_iso· .. form~d .adjace:nt- to, the .antig_en: welL. 

·-: However utilizing extracted ,polysaccharide· as -:~ntig~n, ~two _precipi_tin. ·· 

·.:. bands_ were formed. ··One band occurecf-_nexi to··.the. ·antigen and the· .~econd· 
. . . . .. . . 

'band mig~ated. and app.eared ·mid .way:·betwee~ the serum and antigen. wells·~ ... 
. . . 

Tl:le diffuse precipitin b'a~ds · occurlng adja:ce~.t ·to Brucella antigen;. ·the 
,.• 

.. 

.·febrile. a.nt~fgen. and :the .extracted: ,p~lysaccha;~4e ·~ppe~r 'i:o' be ·similar.-. -~~e--

: ._.., .. 

- I~ ' 
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-' and· the antiserum may be due to diff.e~e.nces in ·conc~ntratiori~ · Brucella 
. . 

·., :·antigen contains about 50. per cent ·inorganic--salts and has a polysaccha,ride 
.. . - .- ... 

·concentration of- 560. ug/ml whereas_ the -_-extr~c-te~. polys~c.ch~r-ide coni:a·ins · -
. . - - . -

7 ~:j_,·. mg/ml_ polys~ccharide ~ · .Crowle (1961):~· r_ep~rts that ·an·- incre:ase in · 

. antigen concentratioQ. may. ~:aus.e. ~he _fot:n1at;_ion o_f ~:- se;condary' ~r:~c~pit~te .• 

.Crowle·_ further_ ·reports thaf· rechB;rgfrig.-the agar .·with a·n.tigen may ~ause .,_a·. 

·,'. ·small' amount of displacement and- this couid' result ip_-':'band _multiplicettion.· 
' . 

As -best a~ can ·be determined, DNA is ·nof involved in -~his::antfgen• 

_antibody reaction._· .. Utilizing the _Feulgen. p~ocedu_re, a·s lit_tle- as o'ne _. 
. ' 

·- .. _ dr:ap· of- a solu-tio~ con~aining -100 _ug/ml of, s.perm DNA c~n be -detected ·in 

.agar gel. The precipitin bands formed in ~uChterlony plates frotn a. 
- ·-: } . 

reaction-_of chicken antiseru.Tlf and: Brucella antigen- c.ontai.nin-g- -ioo ug/ml 

DNA die!: not s.~~in ~·ii:th ·:the Feulgen. _ re~·gen_~· · O.ne. exp_lahati_o~- may be ·that 

·-_-the· precipitfn ~band did not _contain .sufficient DNA to be\ sta-ined- by the 

. .. -~ : 
_Feulgen·reagenl:. _-htother pos-sibility -is--t~a-t DNA ·was riot-present in the 

prec.ipitate·._ :~ S_perm DNA would not 'react with. c-hicken antiserum in the -~:ring 

· f test_ and' treatment of the ant_iget1 -~7ith · DNAase.-had -'no- visible- ef.fec·t on the 

. precipitin reaction. 
- - . . . 

_H~rshey et al .(1935) r-~port~d that __ pblysacchar.ides- o'f Brucella cell· . 
. t. . -· < - ; " •• 

walls are antigenic in rabbit$. ___ ~:t~chenlical-;an~ly~.is of_ :Bru~-el:la ·-antigen 

.• h~s sh<;>wn that 1 g: of extraCt contains 56.2 mg ·of polysac(,haride inaterial. •. 
- ~ . " 

. - .. 

Polysaccharide' -~~tracted- from Brucella:--abortus :G-1 produced a~posit-ive. · 

: precfpitin · re~ction with __ -four·- pos_t· i.mmuniz~t-io:n se;-um samples'. Reac-tion of_. · 

:Brucella· poiysa:ccharide with··· chit-ke~ antiserum- tends. to·: indicate that this 
.. : ~ ~ . ~·: . -·-·~: 

~--··-------·-·--,·.-. ~a-t:e'rial_ is ~ respon~·i_ble ,:- at_. leas t<in par~~--. fo_r. ·the 'a_n-tig~n:i,c.:.ac tiv~ty- of.--~ 
._ :·-: __ :· ,' ' 

, phenol· e~trac·t~d -·Brucella· lintig-en. 
• -. <. 

" . ~·.:: 

-. 
·-·"' .. 

>· 

. ;_ .. __ · . 
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SUMMARY. 
·,· .. 

-·'-
. .·.. . . ' 

Phenol extract~ ·were prepared from Bruc·ella ·abortus~ . Thi.s materia{-

. . 

· was~ analyzed .. according· to standard. biocherP.ical procedures •. The· ext_ract 

was used. as anttg·~n.and injected ·into· ·chick~ns .: The sera ohtaine·a, wer.e· 

· · · . stud.ied using. serologic methods. 

l. -Chemical analysi~. o~ phe~ol_'e~tra~..t~ed. Bruc~lla abortus. has ~hown 

that the lyophilized extrac·:t. conta:tns· _4;5 p~r cen_t.:DNA, -0.25 per ·cent··. 

! 

· .. · .. · · · protein, ·1 per· cent lipid,: 5.6 per.·ceut poly'sa,ccharide,· 49. per cent 

. ·inorganic sali;:~:and -3?· per cent· water~ · .It .. ha_s. a nitrogen :phosphoro:tJS 
; . . . : . . . .. . . . 

mole 1:atio of 4.08 .:and an· extinc.'tion·.·coef:ficient of· 7,.900. 

2:~ Antibodies ·to· -Brucella antigen were_ 4etected in 6_0 ·per _cent· of the 
. . - ... ~ _:· .. :·:· .. · .. '.. ... . . \' . 

chickens immunized·.. ..These. antibodi~s: wer~:·demonstrated in the. ring 
. . . ·. ·. . ~ . 

· ·· .. precipitin and agglutinatio~ tests. In oiic:hterlony gel ,diffusion studies 

.. a siJilgle diffus~ pr~.c_'.ip-itin. bapd/~_ppe.:t_red ·a~jacent to antl:~en wells·· 

· · · · ·.containing either Brucell'a. antigen .~-r···i:he ... ·.£ebrile antigen • 
. :~ 

·.t.· 

. -
··:Brucella antigen c;n.d .. B.rucella aborfus.' _ .. -Each·s.erum -s~pl~_. which had.· a· 

~- . ..:. . '·: ·._ ' 

.. pos·itive. precipit:Ln reaction. ~1ith. the .. ~c~xt~a~t,. agglutinated the intact 

·. :· .. orga0:is~ arid .the ·fehrile an·t~gen • . In ad~-ition,: antibodies-" to both ·Bru~eiia 

:antigen and to Bruc·ella ·abortus c·el}.s cpuld be ·removed by ·.absorbing th~ 
0
o' • 

.·antiserum with febrila ·antigen• 

4. · It appears-· that arit'i.bodies wer.e- not: formed in response to :the D,NA 
; . 

•• ~"'· .I ',. ... _.,...;_ ." ~ ... ~.,.~-·---... ; ; ·_.-:..'-. ,_'.,., • ~·- •••• 

·of the extract •. ·Ptec.ipi.~_in l)ands· did· not ·stain ·w.ith. ~he Feu.ig=~n.:. '· 
__ :. . . . - ~- . ' - -

.. < '·. ·.' 

. ' .· .. •' 

4-s·.:. 

_.,.· 



46 

reagent, DNAase treatment of the antigen had no effect on the ring precipitin 

reaction and sperm DNA did riot react with the antiserum. 

5~ Crude·polysaccharide extracted from Brucella abortus G~l produced a 

positive precipitin reaction with 4 serum- samples. The polysaccharide 

component appears to be responsible, at least in part, for the antigenic. 

specificity. 

\· 
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