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. Statement of the Problem: . .

'~*.-In immunologlcal dlseases of man such as systemlc lupus erythematosis

(SLE), the presence of antlbodies'to nuclear components lS well estab11shed
Mlescher et al (1960) 1nd1cated the e;istence of at 1east four classes‘
- J;-of'ant1bodies-assoc1ated w1th‘thls dlsease. These 1nvestfgators reported
that in SLE antlbodles are formed agalnst°"(1) nucleoprotelns, (2) soluble o
extracts of cell nuclel, (3) hlstones, ano (&) deoxyrlbonuclelc acld (DNA)
Although antl-DNA antlbodles occur spontaneously 1n SLE, 1mmunlzatxon w1th
purifled DNA has falled to stlmulate antibody productlon. Detectable :{5"
E antlbodles to hlghly purlfled -DNA have not* been demonstrated desplte a
‘f;fvarrety of efforts by a-nunber of other competent 1nvestrgators. 'The
:’n*present.concensus_anong iumunologists'and-immunochenistsiseems‘to:be:thatf;, ;53J

‘éf-pure DNA is not antlgenlc. S

In 1958 Philllps et. al lnjected rabblts w1th a phenol extracted bacterlal‘fx‘
:DDNA preparation contaxnlng twenty per cent proteln (Braun et al 1957) and
robtained results that suggest that DNA® possesses antlgenlc spec1f1c1ty. fifh,}fjiff,
,;Ev1dence for specif1c1ty was. based upon the appearance of a Feulgen B

posltive prec1p1tln band in gel dlffu81on tests 1nd1cat1ng the presence of

DNA.ﬂ Reaction of antlserum w1th DNA-ase treated antlgen prevented the f5'“”“*'
"Z'JJ; appearance of a Feulgen p051t1ve prec1p1t1n band

o The production of antlbodles to antlgens assoclated w1th DNA has thus v',b’:°‘

far 4een studled prlmarlly in rodents.~ It would be of 1nterest to 1mmunlze 3
;“‘ L " < _-',/: ™

anlmals other than rodents w1th phenol extracts contalning DNA and @;f{



A

finveStigate the nature of'thevahtibody'respohse.1 Consequently the 1nvest1gat10n -

,;Hto be reported in this paper is a study of the antlbodles produced by the :

‘”f_?T'common chlcken (Qallus domestlcus) in response to 1nJections of - phenol

" extractions of Brucella abortus..?

| The chlckeu was chosen for this work because 1tvfalls w1th1n a different
class of the phylum. Chordata than the experimental animals whlch have been
used in prev10us studies of this type. Campbell et al (1964) 1ndicated that
chickens are better producers of prec1p1tating antlbodles than are rabblts.'
"~ In addition, no reports on the use of chickens - for thlS purpose have been
encountered in searching thevllterature.

Brucella abortus was chosen as the sourCe of DNA. ‘Extraction procedures

were essentlally those of Braun et ‘al (1957). It”is the purpose of the .

: present study to characterlze phenol extracts of Brucella abortus utilizing

b both chemical and serological analyses.




-'total of twenty-five milligrams of streptococcal nucleic acid ‘was used e

Review ‘of the Related Literature-*"

" has been studied for over a quarter of a century._ Sevag et. al (1938)
| E:Tisolated nucleic acid.by.mild hydroly81s of streptococcal'nucleoproteindf

”13{.'and shaking the resultant solution with chloroform and amyl alcohol A

'to immunize rabbits utilizing a series of five inJections over a two week

'i'period . of four nucleic acid antisera samples, only two were serologically

'2g;'active. One nucleic acid preparation reacted w1th homologous sérum in

J'f'iprecipitation tests. in titers as high as 1 10, 000 and in complement

‘fixation tests.as high as 1°8000 A11 reactions with heterologous sera

gave negative results. A second nucleic acid preparation gave

"[preclpitation titers of 1% 100 000 and complement fixation titer of 1:62, 000
“ - with homologous serum, while heterologous serum gave precipitation and

':complement fixation titers of 1: 1 000 and 1:2 ,500 respectively.

Lackman et al (1941) 1noculated horses and rabbits with. strep-‘ .

“'tococci, pneumococci, and acid: prec1pitated streptococcal nucleoproteins.,:'

o They studied the serology of nucleic acid obtained from streptococci

_ pneumococc1, bull spermatozoa, yeast'. cells, tobacco mosaic viruses,r

.:tubercle bacilli and calf thymus by reacting these nucleic ac1ds w1th the

{

-h{lyhorse and rabbit antisera. The reaction of nucleic acids Wlth antibacterial .:7cf
i'sera indicated that nucleic acids gave ‘a. specific precipitates’with equine'
:d.ly antipneumococcal sera,: Since precipitins of corresponding reactivity are . -
’ﬁusually not found in normal sera or. any other kind of sera, it was .
o “concluded that they were formed during immunization with pneumococcil It -

”“,was not determined whether the precipitins arose as a direct immunity

‘The question of whether or not DNA possesses antigenic specificityf'ﬁ” e




response'to.the-nucleoprotern antrgens of pneumococc1
Avery; et al (1944) in studylng pneumococcal transformation,:induced
.:transformatlon by 1nocu1at1ng a DNA fractlon 1solated from pneumococcus
tﬁType III 1nto dogs and rabbits. The serologlc results.obtalned in ilii
tllconnectlon with this study showed'irregularlty and broad cross - reactlons
i;1n_relat10n to DNA antlgenlclty._'These 1nvest1gators claimed DNA is not

u'iantlgenlcally actlve.

Bllx et al (1954) 1mmun1zed rabbits w1th DNA preparatlonsifrom calf

ithymus. They reported the1r studies to 1nd1cate that samples of pure,

freshly prepared calf thymus DNA 1nvar1ab1y gave rlse to hlgh tlter v’“ifm

QET;SPelelc complement f1x1ng antlbodles upon 1n3ect10n 1nto rabblts., Nuclelc '?t"“
V fujac1ds from. o er alf thymus pre atlons were reported to be.also antlgenlc
l’:but the tlters obtalned were lowert In addltlon, the foIIOW1ng results

'"f”{were reported-' The DNA antlsera cross reacted w1th hlstone and w1th
A7LTDNA.' Hlstone was found to be non-antlgenlc. The DNA d1d not grve rise to-

' Q;{anaphylax1s, but a moderate degree of pass1ve anaphylax1s was observed
Qbfln-the guinea plg. 4 | 4

The studles of BllX et al (1954) falled to reveal whether the1r TR

ff;antlbodles were speciflc for DNA or for some other unrelated antlgen present.

‘Q:fiffAlso, the results obtalned are questlonable when elther antigen or antlbody

"figis antl-complementary as was found to be the case.. In additlon, complement
ﬁ*?flxat1on was detected by m1x1ng dilutlons of antlgen w1th constant amounts j'“”fl
f;In relatlon to thlS Haskova et al (1959) reported that DNA,isolated by
‘udlfferent methods from fresh or frozen calf thymus d1d not under the
experimental condltions establlshed induce antibody format1on whlch could

be‘detected in rabblt serum by complement flxatlon,‘rlng preclpitatlon,'




50uchterlony gel diffusion, or passivevhemagglutination with formalinized

xerythrocytes,_if{
All attempts to induce antibodies against-nucleic acids by injecting‘1»
X };;heterologous hosts with pure DNA or RNA have been reported as” negative._*‘!J;
' *?;:Such failures have been interpreted to ‘mean that although nucleit acids"
“ﬁf;could theoretically be considered antigenic, they are . in reality non=
'i~'antigenic (Plescia et al 1963) Nucleic acids may actually be antigenic,rhmi
iﬁi_fbut according to Panijel (1963) it is difficult to demonstrate the f
::;antigenicity, because when inJected DNA is rapldly decomposed by the
= host s DNAase.;, : ‘_ '. L . '
| '5 Since highly purified DNA has not been demonstrated to be antigenic,il;
':;p?hrthe question arises:. 1Is DNA a hapten;'and does DNA need the attached
d'prote1n7 The problem ofbtoo much protein means that the antibodies
vproduced would be non-specific for DNA, Vnd too little protein would
' be insufficient to stimulate antibody formation. ', ,n\ ""::

Braun, et al (1957) extracted highly polymerized bacterial DNA from

“Hf;'Brucella abortus. The cells were killed with»phenol, treated with amyl L

'lalcohol and chloroform; and the DNA precipitated with 95. per cent ethanol AR
"';The fibrous precipitate was analyzed to contain approximately eighty per

R {;jcent DNA, twenty per cent protein and less than 1.5 per cent RNA. These

B @ffinvestigators reported that although the resulting material most closely
L j;;resembles DNA and is referred to: as such and’ despite the fact that the N

"}; material is biologically independent (as demonstrated in transformation -

ixbof bacteria) of the. attached protein the resultant isalates may actually
‘3__be an unusually stable nucleoprotein.';l o

h‘The Brucella DNA extract was reported to have a phosphorus ext1nction‘7




yar'_iqj_gs‘» ,s-t'_a_ges _'_',_o.f- ~e~};erati;,a-eo__,sp;,;_z‘.'gz;;j 229 'z';gg 3-.3‘3 *a,aifsfﬁ;@o <B

et al 1957) Chargaff and Dav1dson (1955) determined that purifled DNA fj

has a phosphorus coefflclent of 6 600 at 260 mu - and a nitrogen-phosphorus:%;g'A

”5?::E mole ratio of 3 60.

Braun et al (1957) d1d not report any 1norganic salt contamlnatlon g_;ff":W

whlch -may have occurred during the extractlon procedures nor d1d they
report any attempt to remove extraneous materlal wh1ch may have precipltated ; Lot

‘ii Wlth'the DNA, These workers did not determine the DNA content on a dry

welght ba51s.: After preclpltatlon, thelr DNA extract was suspended in

normal sallne for‘testlng.and/or-storage.. The amount of DNA used for
"“';t‘inJectlon was. determlned by the Dlsche-Stumpf Teaction wnlch measures the S
deoxypentose content of the dlssolved sample."' |
Phlllips et a1 (1958) 1mmunlzed rabblts w1th phenol extracted

-'lf Brucella abortus DNA., The antlserum was tested for preclpitatlng :

s antlbodles against Brucella DNA: by the Ouchterlony gel d1ffus10n technlc. _?g
Flve clearly dlstlngulshable bands of prec1p1t1ns developed in the gel

Absorptlon of the antlsera with formalln kllled whole cells or w1th

' jf‘lnsoluble cellular reSLduefremalnlng after phenol extractron falled to alter }
_“fthe precipltln pattern. One of the preclpltatlon bands gave a p031t1ve ;
o Feulgen staln 1nd1cat1ng the presence of DNA. After treatment of the test

}i‘antlgen w1th DNA—ase a«noticeable decrease ln the 1ntensity of the Feulgen ggfﬂ=.'f

W p031tive band took place. DNA-ase alone d1d not react with the antlserum

The appearance of a Feulgen positlne preclpltatlon band 1n the gel ;T:l
drffusion and the dlmlnlshed 1ntens1ty of th1s band follow1ng treatment w1th.if},»*
DNArase was. the method by whlch Ph1111ps et al (1958) demonstrated antlbodles:a"f

’"iBrucella DNA extract in rabbi'



.couldﬂhave‘prec1p1tatedbnithout being antigenic because it-may‘have been
.bound to other antigens or. thatwit might have coprec1p1tated with an
;unrelated antlgen-antibody preclpitate.;t" ;?4 L B : .
| Miescher et al (1960) immunized rabbits and.guinea pigs with
7~'f_thynus and liver nuclei, h1stone, calf thymus nucleoprotein, calf thynus

‘“g'DNA salmon sperm DNA and Brucella abortus DNA./ A11 attempts at

ﬁ detecting antinuclear precipitins in the gu1nea pig failed It appears
ﬁithat nucleoproteins act as:a weak antigen in rabbits givxng rise to ;Af e
‘antibody production in about half theximmunized animals.: When cell nucleiix“t
-,-Qfare used as;antigens. the results depend upon the 1ntens1ty of :fzdir E
| hdimmuniaation. The antiserum was - shown to cross react w1th DNA from
”7'$§ariousisources;isuch'as was“observed'between;calf’thymusiand:Brucella.}vf
;abortus DNA. ,:lr | B | B o |
Braun et al (1959) report fthat Dﬁa-ase“sensitiuity has.not.béen'f;'b
'observed W1th“every batch of theiphenol;eatracted}antigénf Some batche5f~
‘ﬁcontainrcomponentS'that lose'antigenic]reactiyityhfollowiné‘DNA}aseh
':Hiafesposure» others retain~antigenic:reactivity but=showiphysicochemical'h
"v;falterations after DNA-ase treatment and st111 others appear unaffected ‘
;:isbyipNA-ase. This. suggests to them the p0851b111ty of at 1east three ?7f
' bgi;antiéenic components- those in which antigenic specificity is controlled- .}A
A'be& DNA, those in which DNA is associated with antigens of a different ::45

”Liﬁchemical nature, and DNA-free antigens.',fhl C

Olitzki, et -al (1959) inoculating white mice w1th Brucella abortus

Hj,DNA prepared according to the method of Braun et al (1957) demonstrated :ff

L an excellent immuniztng effect by protecting the mice against Brucella

‘ -abortus 1nfections. Although DNA 1s not antigenically identical with

Vthe surface antigens which 1mmunize mice and produce protecting

'antibodies,‘it seems that the association‘of this antigen w1th DNA




constitutes a. highly active antigen complex which affords excellent

immunity of mice against Brucella abortus infections, according to these
investigators. ;f,;yijf;:Tdffﬁf'

f:l Ultracentrifuge studies by Plescia et a1 (1961) revealed that the

c,}0'5 per cent phenol extracted DNA preparation contained 25 per cent L

';{:fi‘protein and that of the remaining 75 per cent nucleic acid 5 to 10
. %:[”ﬁper cent ‘was RNA, This means - that only about 70 per cent DNA was in g
" the preparation rather than 80 per cent as originally analyzed

Differential ultracentrifugation using a Spinco ultracentrifuge

k”;7yﬁhwith a type 40 rotor indicated that protein was found in the sediment id;i}_.ihif
??ifpidafter centrifugation of 10 000 rpm (10 SED) for 1 5 hours. Most‘of the,;[di
zjlnucleic acid was fOund in the supernate after centrifugation of ? -
- 40,000 rpm (40 SUP) R | |

» Following the immunization schedule of Phillips et. a1 (1957), the .

; Aantisera obtained were tested against the various ultlacentrifuge i
"f-;iifractions.f The 10}SED protein richufraction was non“reactive. The 30'v'*'w
.1SED fraction containing 1ess than 2 per cent protein; produced Feulgen
- fdpositive precipitin bands;inwagar.. This indicated that fraction 30 SED |

;Tffvfgcontained most: of the reactive antigenic components. c' | |

Next these workers immunized rabbits w1th ultracentrifuge fractionstﬂ

V";'following the same experimentaI procedures of Phillips et a1 (1957)

-iQThe antisera obtained was reacted against the various antigenic fractionsﬁff*”'iffﬁ
‘":‘fgfby gel diffusion techniques.> The 30 SED fraction antisera produced no
75?;visib1e precipitins as. contrasted to the 10 ‘SED . fraction antisera which ;_'ﬁ

“3€f¢q:produced very good Feulgen positive precipitin bands._

The non reactive 10 SED fraction was capable of stimulating the -

formation of precipitating antibodies.- On the other hand the reactive




30 SED fraction was unable to stimulate the production of precipitating |

antibodies.. Failure of this fraction to elicit antibodies is on:msistent::i
with the results of others who could not detect antibodies in the sera

, ofbanimals‘injected with purified DNA.f It was concluded that the phenollf'

:Li'extracted Brucella DNA was not a s1mp1e antigen, but a complex antigen

L composed of an immunizing fraction 10 SED and a reactive fraction 30

"'SEDj This suggests that with the attached proteln DNA is a complete

- f'antigen which possesses. antigenic spec1f1c1ty.

Plescia et a1 (1963) reported that the precxpitin band formed

A'v{:during the gel diffu51on ana1y31s of Brucella abortus DNA with rabbit
ﬁ:antiserum ‘was. Feulgen p051t1ve indicating the probable presence of |
,:“DNA in the prec1p1tate.  This . data does not mean that DNA' contributes -
’élthe actual-determinant group The DNA mlght 51mp1y have been required
‘xtfor?the}precipitation‘of an‘antigen-antibodybcomplex;because of its
’fbweight or other PhY51ca1 properties.. ' ;”5‘}“' f fﬁf\,.':f
‘ Inra recent publication, Wilson et al (1965) reported that antibodles_
4 formed against a DNA preparation were produced in reSponse to the ;f.:
_;fgontaminants alone. InJection of DNA into animals and subsequent serologicv”
' Afanalpsis can'be'used-for determining the.pur1ty~offthis substance Wilson (1966)?

A ‘fifurther reported that results obtained in his laboratory were - 1nconsrstant'k;ﬁ

'{fif;with reports of Braun et al (1957) and Phillips et al (1958)




S : A;?VThe.drganism'

A laboratory straln of Brucella abortus, Amerlcan Type Culture
V;-Collection 7705 Allce G. Evans NIH strain 456 M., C G. MM&PH

'--’f‘,designatlon G 1 was obta:l.ned from the Department of Med1ca1

"ﬁhLMicroblology and Publlc Health Med1ca1 College of Georgla. Brucella

V'QE_abortus -1 was the stra1n used exclusrvely in. the studles reported hereéf N

The stock culture lyophllized prevrously on glass beads, was

f planted on a tryptose agar slant and rncuuated at 37° C in a canure

"fijar.. After 48 hours incubation, a subculture was streaked on a

: j",f“tryptose agar plate to obtaln isolated colonles. Colonles appeared .

',:gw1th1n 48 hours of incubatlon at 37° C A singlev.well‘isolated
iCﬁcolony ‘was . plcked and. streaked on a tryptose ‘agar slant . After v:;b :
“mflgrowth appeared on the slant the culture was stored at 4° C. This

.1fwas the stock culture used for a11 subsequent inoculatlons.:»“ '

: Brucella abortus G 1 was studled by standard pure culture methods

'\Qtto assure that 1ts characterlstics corresponded to those of the type o

‘ hftspecies as descrlbed in Bergey s manual of determinative bacter1ology

whi:fd(Breed 1957) Morphology, Gram stain colony formatlon, catalaseilf- el

’;h}and urease productlon, dye sen51t1vrty, and sugar fermentatlons were

Ahq7f¥édetermined

ff Thimann (1963) indlcated that the greatest amount of DNA relatlve

jto other constltuents of a bacter1a1 cell_would be present durlng the .




logarithmic phase of growth Consequently, the late log phase of the

growth curve was chosen as: the time for harvesting the cells used in f’;ni :L

:;preparation of Brucella antigen.-iy7~7-””

The growth curve was’ determined by the method of Gibby and Gibby |

(1964) Brucella abortus G- l was 1noculated on tryptose agar and

'”'}f% incubated at 37° c. Viable cell counts were made at regular intervals

':7f over a 72 hour period The cells were harvested by washing the agar Wlthv

z »24 ‘10 ml of a 1:1 mixture of normal saline and tryptose broth and placed 1n
AUT;Echilled (50o ) dilution blanks.i Diluted cells were counted by’the pour |
plate method of Lamanna and Mallette (1959) One milllliter ofidiluted_‘;'
cells mixed w1th 20 ml of melted tryptose agar (45° C) was poured 1nto fjb"
'Sf7f sterile petri dishes and allowed to. harden. After 1ncubation at 37° C e
.for 48 hours; the total colonles on‘each plate were counted Viable cellsi'
_t were con51dered as those cells which would give rise to a 31ngle colony.A‘ iiifjeg

\

©.B. Preparation of Brucella anmtigen:  ~ = - f5A>4 L e T

o Brucella antigen was prepared according to the procedures of Braun,

Burrous and Phillips (1957) Brucella abortus G 1 was grown on tryptose

agar for 33 hours at- 37° . Thimann (1963) reported that the best time

>°“?for harvesting the organism was late in the logarlthmlc stage of gr°Wth

'”fQE,Growth curve" determinations showed that this time was 33 hours after -v%fjd*
inoculation.'fa

The bacteria were harvested w1th 0. 1 M sodium c1trate-sodium chlorideﬂ;;

- and treated with melted phenol to- give a final concentration of 0 5 per 5‘31 f;:pgﬂ

1.o cent. An equal volume of 4 fm glass beads was - added and the mixture was-

.‘fshaken in a shaking incubator at 37° C for 48 hours tovrupture the cells



'The solution was poured through a wire screen to remove the beads.fi

beads were then washed once with 0 1 M citrate-saline which was added to

the phenol preparation.::EJTq;ﬁ

The material was deproteinized by treating with chilled 0. 3 per ffff?}gitv,{‘

f'cent chloroform and 0 1 per cent amyl alcohol and shaken for 20
lféf.minutes.in an ice bath. To remove precipitated protein, the mixture

fpfjwes centrifuged at 2000 x g for 20 minutes at 5° C.: “The supernate was
"*Edecanted and treated with chloroform and | amyl alcohol., Deproteinization R
::i,procedures were repeated until no precipitate appeared with the addition'”p{:sf
i‘ﬂﬁpof chloroform. | “ “

Chilled 95 per cent ethanol was added slowly and the mixture was

stirred w1th a glass rod until a fibrous,precipitate, macroscopically
indicative of DNA, appeared This precipitate was dissolved 1n-d1st111ed'i
' ’f:fswater._ The solution was shell frozen and lyophilized at -60° c under a‘ R
':1;'vacuum of 5 u of mercury for 48 hours.' A dry powder was. obtained
ia:Aliquots of the dried extract vere sealed under a ‘vacuum of 5.u mercury.Vié,'; X

;fiyf and" stored at~-20 C.

j7‘.:;c. :DNAeAnalysiSJof Phenol Extractederucella abortus:
Total nucleic ac1d content of the extract was . determined by

ffdissolv1ng a standard quantity of the ektract in saline and determiningfﬂ?””

Gifflper cent transm1551on at 260 mu. - The Dische-Stumpf reaction used by Braun_ ;f
"i”fiﬁ;et al (1957) and the diphenylamine reaction were two mefhods used in
.’i’analyzing specifically for DNA. .

The Dische-Stumpf reaction was performed as described by Stumpf (1947)>

h}Commercially prepared DNA (Nutritional Biochemical Co ) was used as the



standard One half millilxter of standard or extract was mlxed with 0 5 mlé*

cystelne hydrochlorlde and 5 ml of sulfuric acid The DNA content was .

determlned from a standard reference curve by per cent transmi351on at 490f11153*5

DNA was also determlned by the lehenylamine color reaction of Burton N

b'ﬁ.:(1956) Purlfied diphenylamine dlssolved in glac1a1 acetic ac1d was the

‘x?l.used as the DNA standard _Per'cent‘transm1331on»o£>the DNA standardvat ‘f

- ,‘was determaned by comparlson to the reference curve.;
Nltrogen content was analyzed accordlng to the procedure of Mlller andf'

i}j; Miller (1948) _ Two m111111ter»a11quots of Brucella antigen were pipettedhh.>

into mlcro-KJeldahl flasks heated and subsequently followed by treatment :

' 5‘3W1th 30 per cent hydrogen perox1de.: Niirogen standards contalnlng 100 mg /ml
‘Yf,f~were prepared from ammonlum sulfate.' The unknown sample and the standards‘

‘ '7f3iwere treated w1th Nessler s reagent for color. development Nltrogen =

R color reagent and calf thymns DNA (1 15 mg/ml contalnlng 87 A ug DNA-P) wasf.';"y'

-5Lff600smu waS‘plotted agalnst'concentration. Total DNA- content of the extractv:w-ff‘

content was determ;ned‘by perfcentﬂtransm1531on at»450,mu from a standard "

’:,j;;reference curve.,;'f

Phosohorous content was determlned by the- method of Flske and Subbarow ,,tdi

‘:(1925) ' Three milllllters of'the eXtract were plpetted 1nto»1gn1tion :

{ﬁffstandards contalnlng 10 mg/ml vere prepared from monobas1c potas51um

“4“Lphosphate., Color development occured by the addltlon of 1 ml molybdate

"and 0 4 ml of 1 per cent Elon (Kodak) in 3 per cent sodlum bisulflte.
DNA phosphorous was determaned from‘a standard reference curve_by’per cent |

transmlssion at 660 mu.

fﬂtubes contalnlng 2. 5 ml of 5 N sulfurlc ac1d The solutlon was concentrated‘"’

i ?l?by'boiling, digested w1th nltrlc acid and d11uted to 10 ml Phosphorousv'.r}f-f‘



,fBiochemical Analpsis'of ﬁrucellaAantigenr

Proteln'J The lyophlllzed extract was reconstltuted in. d1st111ed‘~flﬁfil-é

water to contaln 10 mg/ml and dIIUted serlally for SpectrophotometrLC‘;v'n
‘analysis.. Protein content was - determlned by per cent transm1331on of theﬁw
hEJZextract at 280 mu. | ﬁ}_ ' ; '

. ~The Folln-Clocalteau procedure (Lowry et al 1951) vias used té

A‘Llf_quantitate the proteln present in Brucella antlgen.. Egg albumln contalnlng

ifi200 ug/ml of proteln was. used as. the standard To 1 ml of sample and

AAf?;standards, 5 ml of alkallne copper sulfate was added After standlng 10 i
“:p*mlnutes at room temperature 0 5 ml Folln phenol reagent was added Color?}nprpl'

l'deve1oped w1th1n 30 minutes and protern was determrned from a standard
klrreference curve by per cent transmis51on at 500 mu.;:; ‘

A check of the proteln content was performed W1th the Bluret test -

ijfi(Gornall et al 1949) ‘ The proteln standard was egg albumln contalnlng-:a“-ﬁ

di200 ug/ml of proteln. To 0 5 ml of sample and standardS\ 9.5 ml of 22, 6:l

o per cent sodlum sulfate was added Two m111111ters of each solution was -

-;lthen mlxed w1th 8 ml of bruret reagent.A After a110w1ng 30 minutes for |
ki;?:color development at room temperature total proteln content was quantitated.

- Zby per cent transm1351on at 540 mu from a standard reference curve.

2, L1p1d°‘ L1p1d content of the extract ‘was determlned by the Folch‘*'t

Aprocedure (1957) Dried extract vas’ homogenlzed Wlth a 2 1 chloroform-ltg;;;?ff;fﬂ

§vmethanol mlxture and flltered on a frltted glass fllter The flltrate was

5;::“washed three tlmes with water each t1me the aqueous phase separated from thepf
thorganic phase. The aqueous phase was: concentrated to dryness. Per cent.~ 7

”*lipid was determlned gravametrlcally from the amount of llnid mater1a1




. .:;‘15

3. Polysaccharide*" The Anthrone reaction described by Graham and :?

';vSmydzuk (1965) using a glucose as - the standard ‘was employed to ascertain'ﬁf‘ .

“**fpithe polysaccharide content of Brucella antigen. Anthrone reagent was

" pipetted into test tubes chilled to ~15° Cin an alcohol ice bath.

‘Standards and samples Were layered on the reagent. After standing for

15 minutes in the alcohol ice bath thevtubes,were shaken.to insure

| thorough mixing of thercontentS'and'then placed in a_,~90.o C water bath

,tor Zo.minutes. The‘tubes were -cooled by immersion into the ice bathifor 3
*fliminuteland then placed'atvroom'tem;erature. _After'allowing 30'minutes»‘
.f,for'color_development; polysaccharide contentAwas determined from.a :
<fg1ucose standard reference curve by per cent’transmissionvat‘620 mu. A
‘fglyCOgen'standard was prepared in order to check for complete hydrolysis
of a known polysaccharide.

4, Inorganic Salts' An assay of the inorganic material mas
_ undertaken because 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
VA4 liters of glass distilled water at 4° C for 24 hours. The non dialeable B
'_portion was lyophilized at 60° C under a vacuum of 5 u of mercury and
. then weighed ‘Per cent inorganic salts was determined from weight lost
during dialysis. .
In addition, 250 mg. of extract was ignited in a tared porcelain

‘icrucible on the 1gnition burner.for 6 hours to destroy all organic material.i
H.lThe crucible was cooled to room temperature in a desicator and weighed |

% Inorganic material was determlned from the per cent ash remaining in the

‘crucible.




Water'? Brucella antigen was lyophilized until a dry powder was

‘obtained The end point of 1yophilization was determined by visual
finSpection of the material and as such the possibility existed that ‘?'»'_
‘nall of the unbound water was not removed from the extract. Free water e

' fjlbof the 1yophi1ized extract ‘was determined by drying the material Onev'

B ?f:ihundred milligrams of antigen obtained from a sealed v1a1 was dried at
!ﬁM¥110° C under a. vacuum for 3 hours.: The material was weighed again and
>7:3;the per cent water was determined by weight lost. Drying the extract-
J'.at elevated temperatures might have decomposed part of the material
'iﬁf‘AS a check of the drying procedure, 100 mg of Brucella antigen obtained h“iiril
:from a sealed v1a1 was relyophilized under a vacuum of 5 u’ of mercury |
"1fi;at -600 G for an. additional 48 hours ‘and then weighed _ Per cent;'f;_

"'water was determined by weight loss.l

"7;1,El fnnimals;"
o ‘Ten male White Rock chickens were obtained from Dr. Ross Brown in‘
:AndersonVille; Georgia, and two male White Rocks were obtained from
g’Southeastern Hatchery 1n Leesville South Carolina. These‘roosters were

- &ffall ‘five to six months .0ld and weighed approximately 4.5 kilograms each.v'

IH“~LrThe roosters were. given normal care by the Medical College of Georgia
'K"Veterinary Services.h Leg bands were placed on the leg of each chicken DL

2hl,;as a means- of identification and the serum obtained from each chicken

M:'wasinumbered according to the leg band

Ten young adult male albino guinea pigs weighing approximately 350
‘}igrams each were obtained from Mamie Gardner Laboratory Animals, Charlotte,fvux?'ﬁ‘
'[North.Carolinaa These guinea pigs were given normal care by the Medical

'ollege of Georgia Veterinary Serv1ces.7;'
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" F., Immunization:

" Ten chickens received injections of the material extracted from

, ﬁruce1ia'abortus G-1.  These injecfions coﬁSisted‘ofUZ ml of dissolved antigen 
' and Freund's ad juvant complete (Difco),in a 1:i.ratio. A total of‘eight
.1‘injectidns were administered fénéacﬁAénimalg"Two conffol éhickens received
‘1r;eight.2 ml injectioné of a 1:1 Freund édjuvantégaline mixtufe;v The |
. immunization schedulé«is found in~Téb1e I.
| Thé animals were bléd By cardiac pﬁhc£ufe>prior to immuniéation and
 ‘on day 25; which was 8.days followingftﬁeAfinal injecfion; Chicke# serum .
" contains a_l;rge am§unt of lipids which may interfere wifﬁ éerological
_reactions (Camébell ét al, 19645. Lipid concenfration was minimized by
stafviﬁg the chickens 24 hourslprior to 51eéding. The serum was clarified
of fhé remaining lipids by cehtrifugation atlls,OOO”rpm forv30 minutes at;

0° C. The serum was‘sepérated from the solidified lipid material.

\




TABIE 1

,'SC}I»EDUIE.‘FOR IMMUNIZING CHICKENS WITH PHENOL(EXTRACTED BRUCELLA ANTIGEN. -

~~ Injection number

bDay

mg Sample/ injection

10
12

15

17

2.0
2.0
3.0
4.0
- 6.0
\ 8.0

- 12.0

S B0

Total.amount‘injected ' 52.0lmg

18
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: ;G.: Serological Analysi5°"i

Ring Precipitin Tests--

'7j Each serum sample was tested for precipitating antibodies by the ring

{:;3:'prec1pit1n test performed by standard procedures. In a11 cases the '

.'ﬁ:.antiserum was placed in the bottom of 100 mm x 3 mm precipitln tube and“the f.u B

1ant1gen was layered on top. Tests were - carried out. at room temperature and

observed after 15-minutes. Initial testing was set»up dlluting the . serum

ol 1 in physiological saline. End p01nt precipitin t1ters were obtalned on

*}J, all posrtive serum samples. The antlgen was prepared by dissolv1ng 100 mg

E of Brucella antlgen in 10 ml of dlStllled water and clarifying the solutlon
by centrifugation.at 25,000 x g for 30 minutes. The antigen was" serlally

' diluted to determlne the lowest concentration whlch would give a posrtive
K rreaction-w1th antiserum'dilutedvl:l.-
Coodman et al (1951) reported that maximum‘precipitation ofra'positiwe :T
reaction occurs.in chickeh serum withva saliae comcehtration of 8 to 13 per V
cent., Ringltests Were performed on' a11 serum samples using various salt
inconcehtratlons to determine the optlmum sallne concentration required‘for
preclpitation.. The serum was diluted 1: 10 in 0 85 8 10 and 13 per cent,
' borate buffered saline and Brucella antigen 1n a concentration of 10 mg/ml
:'was layered over the serum in prec1p1t1n tubes. » §
Experiments were de31gned to determlne if antlbodies were produced ia
fajresponse to DNA. Preliminary tests 1nd1cated that herring sperm DNA with

' PH 4 5 precipitated serum protein nonSpecifically.p Therefore thlS DNA
Vf’was adJusted to pH 7. 2 w1th 1N Sodium hydrox1de.“ Ring precipitln tests o

ii;were performed by reacting chicken antiserum diluted 1 1. w1th 0 5 per cent -

LspermsDNA adJusted to pH,7.2., ;.oa




. Since Brucella abortus G 1 was grown on tryptose agar the poss1bilityf_¢>fg*:

fexisted that chicken antiserum mlght have antibodies produced in response S

,to tryptose.l Ring precipltin tests were set up us1ng chicken serum dilutedfgi ; :

11:1 and 1 per cent- tryptose .as the antigen.‘

Gel Difquion

Preer tube double dlffusion was ‘set up as described by Campbell et a1
‘”5%;(1964) Serum dlluted 1: l in saline was mixed w1th an equal volume of 1.2

‘f;{-per cent Special Agar Nobld (Difco) and placed as the bottom layer 1n 100 mm

A'"iniix 3 mm,gel diffusion tubes. After the mixture hardened 0. 6 per cent agar
”hbnobel was placed as the 1ntermed1ate layer. Brucella ant1gen containing .
vcfile mg/ml was added to the toP layer in the Preer tubes.f?The tubes were S

"”E;;incubated -at room temperature and observed after 12 hours.si ) :
L Ouchterlony gel dlffusion plates were prepared by pouring 20 ml of 1;>
fk?ﬁ; per cent Agar Noble containing 1: 10 000 merthiolate into petri dishes.
‘{'j’Wells were cut in the agar and ‘the bottom of these wells were sealed with> =
::;fiil drop-of-agar. 'Serum diluted 1:1 was placed in the center well and
1"'f7f}Bruce11a antigen in concentrations varying from 40 ug/ml to 2. 5 ug/ml
'iﬁ'were placed in the peripheral wells. After 48 hours 1ncubat10n at room 'f:

"[':temperature, serum and antigen were again added to their resPective wells.

‘:’7fAttempts to force the antigen to diffuse through the agar in certain plates‘f

yiwere attempted by filling the antigen wells tw1ce a day for 2 days and

'fl then adding antiserum on the third day. :'ff N

Feulgen Reaction

cey

Preliminary tests show that the Feulgen reagent stains agar maklng




NA identlflcatlon difficult when DNA 1s mcorporated in the agar.

“Modifications of the Feulgen procedure were set up.i Several plates Wlth

‘gDNA incorporated in agar were treated w1th 1 N hydrochloric acid at” 50° C

gfor 5 10 and 15 mlnutes 1ntervals followed by exposure to’ the Feulgen reagentlfffﬂk
N .

ff*l-for 0 5,1 and 2 hours, The modified Feulgen reaction used in these studies

a;fis as fOllOWS' The agar was treated Wlth 1 N hydrochloric acid at 50° -
:ffor S'minutes, stalned W1th Feulgen reagent for 2 hours, rinsed with ﬁ
Essulfurous acld and washed with tap water.: ;? 4 | B
| In order to determine 1f DNA could be detected in agar 1 0 0, l
ﬁ'iEO 01, 0 001 and 0. 0001 per cent 1ncrements of sperm DNA were placed 1n
w*dﬂ;wells of Ouchterlony plates and allowed to. dlffuse. These plates,were".
:.;f;stalned with the modified Feulgen procedure.‘ Ouchterlony gel diffu51on f
figsplates which contained a pos1t1ve precipitln band were also stalned by the B
-f1mod1f1ed Feulgen reaction to ascertain 1f DNA was present 1n the preclpitate.

Agglutinatlon Tests.

.Microscoplc sllde agglutlnation tests were performed according‘to
. Afprocedures described by Lederle Laboratories. A 0 2 ml Plpette was “sed t°
(\2i:7€de1iver chlcken sera diluted l 10 in sallne in 0 08 0 04 0 02 0 01
»;1i7€:0 005 and 0. 002 ml quantities onto clean glass slides-ﬂ Using a standardized .A .

.N;Hidropper one drop (. 03 ml) of Brucella abortus febrile antlgen (Lederle

b":fLaboratorles) was added to.- the varying quantities of serum.. The serum- and
’j:antigen vere mixed Wlth a wooden applicator Stlck and the slides were’ ,*7" o

ttllted back and forth : Agglutination whlch occured within 3 mlnutes was;'”f

< -_tfcons1dered a positive reaction.

‘rTube agglutination tests described by Lederle Laboratorles were also




Rinerformed using chickeniseraiand the febrile antigen.“ Eachhserun;was;ff”ﬁ
;idiluted serially in physiological saline 50 that a final volume of 0 5
-‘f;{ml of diluted serum was obtained :Pre-immunization serarand sera>from f
:.control chickens served aS»controls.:“One half milliliter of.Brucella )
" abortus febrile antigen diluted ]: 100 in saline was added’ to. ear-h |
':h.tube, As an antigen control 0. 5 ml of diluted febrile antigen was f
mixed with 0.5 ml of saline.l The tubes were_incubated at 37_‘C'and_'

igobserved.after‘Zé hours.

l_Absorption of Antiserum:

~-“One “tenth milliliter of chicken antiserum was'mixed with 0.3 ml of _,'

- Brucella abortus febrile antigen and 1ncubated at 37° c for 4 hours.i

. - After the antigen was removed by centrifugation at- 1000 x g for 15
:'minutes, 0 6 ml of 12 per cent saline was added to the serum for aﬂi
- final concentration of l 10, '{_ e 't- '7 ,‘ - :"d :"_ Sl
Agglutination tests using the febrile antigen were\performed in
f:forder_tO'insure complete removal of antibodies to'the'somatic antigen of

" Brucella. abortus.. Ring precipitin tests ‘were then set up testing the .

. ‘absorbed Serum with Brucella antigen; Unabsorbed ‘serum diluted 1: 10

"'din 12 per cent saline was used as the controls.

'Eitraction of‘Polysaccharides“nj

Brucella abortus G~1 was harvested with saline after 48 hours o

5? growth and concentrated by centrifugation. MEthods described by Oser
rliﬂf(1961) were used for extraction of polysaccharide. The cells were - ’ ii' ‘-';?%

'*{treated with 30 ml of 30 per cent pota531um hydroxide and . the mixture was placed




;in a boiling water bath for l hour.,_The solution was cooled and
tclarified by centrifugation. Ninty five per cent ethanol was added to

precipitate the polysaccharide. The precipitate was washed once with 4:5:“,d"'t"r

'~4a:ethanol and once with diethyl ether and then dissolved in 15 ml . of )

Lo 'distilfled water.

"TheﬂAnthrone~reaction,was‘performed tofquantitatehthe.eatracted.'
"5;;polysaccharide. rRing precipitin testsvwere set up using“immune_friﬁh
"’-chicken serum and’ the polysaccharide ‘as antigen in order to determine e ?}::
f;;; p?fwhether‘or not antibodies in the sera were directed'towardvthe _:‘

.3;;polysaccharide.

'fEnzymatic Treatment of Bruce11a=Antigeni (

Brucella -antigen was treated With trypsin (1 250, Nutritional ‘
‘;Zd;x,Biochemlcals) according to the method: of Phillips et al (1958) The
V;mixture which contained an antigen concentration of 50 ug/ml of DNA
:"h“:and a trypsin concentration of 0. 03 per cent was‘incuh;tedvin a 37 C
'{:lﬂwater bath for 1.5 hours. At the end of the 1ncubation period h_d:
ih;solutiOn was chilleddat 4‘vC in.an ice bath to retard furthervenzpme

wlh’actiwity.-3Ring precipitin teStSjwere'set‘up'using‘chicken antiserdnjandlkflpdvzw

R trypsin treated antigen. '
The extract was also treated with deoxyribonuclease (30 000 dornaset;fhf'
::fiunits per mg., Nutritional Biochemicals) according to the procedure of

'f:j Phillips et al (1958) Brucella antigen was ‘mixed . w1th DNAase so that .

‘Jf;a final concentration of 50 ug/ml of DNA and 0 03 per cent DNAase was.

“7jfobtained. The solution was incubated at 37o C for l 5 hours and then y’f

f"ichilled to 4 C. DNAase treated as well as untraated extract are . ;.

) ested with chicken antiserum by the ring precipitin test.“;:if’



- Passive Hemagglutxnation* fff

i Passive hemagglutlnatlon was attempted‘by.the method of StavitskyA
:if(l958) One:aliquot of‘Humah,O cells was coated w1th Brucella antigen :
‘ ;*7?and a second aliquotfmas coated mith‘herringisperm‘DNA;, Antigenvcoated 7f1
“,ii;erythrocytes were added to 1nact1vated chlcken serum samples whlch were'
wd previously absorbed with both human 0 cells and tanned human 0 cells.v
3 ':;Diluent cell and serum controls'were set up.vipy.rvl |
" The Dische~Stumpf reactlon was performed on the coated erythrocytesif"
‘:f_fiito detect the presence of DNA. Both coated cells and normal cells were."~
.'tfpd"treated Wlth cystelne hydrochloride and sulfurlc ac1d and the per cent vf:“‘
':‘fdtransmis31on'was determined at +90»mu.p-Thls test“waS'a‘qualitative o
"?;determination of DNA and-quantitative“standards were not:set up. o
Reverse hemagglutination was performed according to the method of j,
:A,Boyden (1958) in order to determlne the applicablllty of hemagglutinatlon

‘p.\_ -

:fifor thls'study, ;

: Passive:butaneous»Anaphylaxis?

j-‘Q;prepared DNA was attempted by pa331ve cutaneous anaphylax1s according

':ijto the method of Ovary (1948) ' Chicken serum samples were- 1n3ected 1n"xl
n'ih 0.05 mlv1ncrementS'1ntracutaneously 1nto thewshavenvbacks ofialbino :.f““‘r
Gf?fguinea pigs. Fifteen hours later 0. 5 ml of antigen mixed w1th 1. 0 ml

ng;of Evan s blue dye CWarner) was 1nJected into the heart of each guinea‘

.»?m‘plg. - ' |
» InJectlon sites were observed for 1 hour for a marked blue coloring L V
.ot.the 1n3ected area.' The animals were then sacrlficed and their sklns‘
removed The subcutaneous surface)cf the skinlwas examinedfor'ean :

of the blue dye._l

Demonstration of antibodies to Brucella antigen and to. a commerically o




RESULTS

" The Organism:

The organism is a gram negative,"nen—motile, aeporogenous,<cocco-

| bacillus less than 1 u in length and aﬁout 0.25 u wide. On tf&ptose

- agar, séall convex, smooth, transluceﬁe colonies appeafed within 48
hours. This culture‘dqesenot require an increased carbon dioxide

' environment, but growth is slightly enhanced when'one is proVided.
‘Blochemically, the organism does not ferment glucose, sucrose, lactose, .
maltose,»or mannose. This strain is ‘both catalase and urease pos1t1ve.
The organism is inhibited by 1:800 dilutlon 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 Brucella abortus.(Breed;.1957).

The.Growth Curve:

A growth,cufve was prepared by countiﬁg viable cells incubated at
37° ¢ for varioue increments of time. :Figure Iisa graph of the
1logarithm of viable cells per milliliter plotted against'incubatiep_'
time in hdﬁrs. »From‘theseidata and from reportsvof~Thimenn (1963), that

_ . the late logarithﬁic staée of growthﬁWOuld‘be best for DNA exeraetion,
all cells used to prepare the antigen in-thie study were7harvested

~after an incubation of 33 hours.

Blochemlcal Analzsis'

P P S -

Table II represents an outllne of the chem1ca1 analysis of annella




FIGURE 1.

Growth Curve of Brucella'abortus.G

-1 Grown .on Tryptose Agar
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;Tantigen. The followxng data describe in detail all results obtalned i

%ffrom the analysis.
' :Tll;g DNA: Dlphenylamlne'and-spectrothotometric analysis at’260»mnif
1?,has shown that each mg- of Brucella antlgen contains 40 ug of DNA.‘_This'
-;hf;comprlses 4 per cent of the dry weight. The Drsche-Stumpfbreactionil

4 %ff'revealed that 500-ug of 5 per cent of,lO:mg of extract was DﬁA; Nitrogeﬁ,,'

d;“phosphorous mole ratio of Brucella antigen had a?range'of 4;0854.13. ?'
‘xﬂ‘The extlnction coeff1c1ent at 260 mu was. 7 900-8,000. | |
- 2, Prote1n° In 25 mg of extract 60 ug of protein was determined
':a'bylthe Folin-Clocalteau method, by the Biuret test and by’ spectrophotometric |
“['¢7ana1y81s ‘at” 280 mu. Per cent proteln.or tneveXtract is 0.25 per-cent.r '
‘ 3, Lipid: Determlnations usrng the Folch procedure has revealed
| d_that 0. 4984 g of extract contains 0.0054.g or 1.08 per cent 11p1d
material. | » 7
,4f;*Polysaccharide3'ZThe Anthrone.reaction“reﬁealed“that 6;667 mg
of-extract‘contains'375;ug'of‘polfsaccharide. It is_calculated that B
: st;szapéf cent of the material“is.poleaccharide; CThe reliabillty‘oﬁf
' “yfthis reaction nas checkeddbyla COmparison of a>known amount-offglycoéen
';1and the glucose standard Fifty mlcrograms of glycogen was shown to —
>':}f§;-conta1n 50 ug of glucose by the Anthrone test.'ﬁ | -
| ".S‘l Inorganlc salt' To test: for salts, 0. 5000 4 of Brucella |
' antigenlwas dialyaed?agalnst distllled'water. After dialy31s,, the -
{;hEnondlalyzable portlon was lyophlllzed and found: .to. we1gh 0.2374 g.illtv-
‘,;iis calculated that 0 2626 g ‘or 52 52 per cent ‘is dxalyzable. ‘The -

-;’ignition of 10.2500 g of extract produced 0.1132 g‘of ash, '?er:centzashﬂv

"fh of the total extract 1s 45 28 per cent..> »

6. ‘Water:. Heating 0 0945 g of antlgen to 110° C 0 0282 3 or ;ftyld*gi__rn




129 84 per cent of t
AO 0734 g of extract

g cent 1s water

ifantlgen is deplcted

'y:’and water comprise
"T;fS 6. per cent while
'%1fhant1gen.a1so contain
"t?ggcentages reported x

,~jﬁlprocedures.‘.‘

In Table III a

he mater1a1 was evaporated Relyophlllzatlon of

for 48 hours revealed that 0 0249 g or 33 92 per g

summary of the composdte quantltles-of Brucella
It can be seen from these data that inorganlc'salts
80 per cent of the extract Polysaccharldes constltute:‘;:h
only 4.5 per cent of the mater1a1 is DNA The
ns 1 per cent 11p1d and 0 25 per cent protein.f Per- o

epresent the.averages obtalnedvfrom results of all”




_ BIOCHEMICAL ANALYSIS OF PHENOL EXTRACTED BRUCELLA ANTIGEN,

’ JllAMéterial o o i' Test ",€‘ ,' :"Milligrams/Cfam~of Apfigenv

"Lfi-ﬁNA o | ;:1;f .;f 1, Absorbéﬁce at 260 mu éb,ov , .
o R _: Zin'Diﬁhéhylaminé; -nlv R ,40,@ :
| 3; biééﬁe;étumpf ' R »‘."50,6‘,' o
Erotéin “ _l, . 1. _Absorﬁéngexéf 280»&# o 2.5 -
S : 2: Folin*Ciocaltéaq- »i- >\ o 2}5:
| | 3;:.ﬁiure£’ . o N ,_!:i;- 2.5
"iiiiiéid'> A; o " '._ %M’ iaidhij R ;k-:fv - ':5 fi6>87T'
:';EE;Pblyséccharide L :,  - {  _Anthrone*A'fA AA.;L‘?>.3.“56LZﬂI
:\:;;iilﬁafganic”salts", :fv:1  _11, Dialfgis. -.5 1;‘ ui 'j ':‘525.2;}fT"

2. Ash contemt . . 452.8

3€;Wéterif‘.~;' _l‘_, f ; s i,‘ H¢atihg;tof110°'C -.t;’ u298;4‘§ ;;-l

u:‘Z;f‘Relyqphilization‘;vi:jASj-.339.2;'}}




. TABLE-TII <

" COMPOSITE. QUANTITIES OF MATERIAL FOUND IN BRUCELLA ANTIGEN = .= ' =

. Material . ‘  . B Per‘cghtrof Total

‘;:VDNA;; * ~Zt;'.f“:' R “ '::; V'é b5
A?;Lipidbv- . »»J_ “‘ ; i L'; » - ;1;1__'
' :?01yéé§¢ha£idé ,.., , ? ST 5.6_ff 
:'Iﬂorgaﬁic saltéuv': f ‘v :;‘ j1 . ég;g B

o Water RS
 MATERTAL ACCOUNTED FOR . R ;.«92;3

. UNACCOUNTABLE MATERIAL. . 7.7




t”;Ring Precipitin Studies'hpi:
| The ring precipitin téégiQAéffsunditQ'té»Eétiéféctoryhqu the;detectionM.ﬁgif
:of antibodies in chicken serum'tolphenol:eatracted Brucella antigé;}7 Six {A:fllfﬁ
iserum samples, post immunization sera 716 719 747 769 770 and 774 - 2
:diluted 1:1 in physiological saline, produced a. precipitin ring when
-:;overlayed Wlth Brucella antigen in concentration of 10 mg/ml. All pre-!;
sj?dfimmunization serum samples and serum fron control chickens were negative.ﬂi'
”41€Saline controls Substituted for serum and/or antigen were negative._
Serum titers were. obtained by diluting pOSitive sera’ 1: 10 in saline:
7‘5:s?and diluting the sera two fold until end pOints were reached starting
aiiutwith an antigen in concentration of 10 mg/ml. Serum titers reported
.insTablei' nged from l 140 to l 160.,7The ant .gen was also diluted
L serially to determine the minimum concentration required to give aA.
pOSitive reaction with antiserum diluted l‘l in saline. -Table IV showshdf-':
A“i:that minimum antigen concentrations required for precipitation ranged j
:'hhpfrom 125 ug/ml to. 500 ug/ml. There: does Hiot -seem ito. be a correlation '
é;*;between high.serum titers‘and‘minimal antigen_concentrations-invthe»ring ;
/?fprecipitin test. | P " o | l
| In testing for the optimum salt concentration of chicken serum-h

?ﬂ{necessary for precipitation, pOSitive reactions occured with 8 10 and 13tf

el per cent saline. Only those sera which produced precipitates in

- physiological saline,_were positive and it was noted that higher ’t*
'dlconcentrations of- salt resulted in a slight increase in precipitation. R
b.:No precipitation occured with pre-immunization serum nor- in control sera ﬂ~

¥ -,with increased salt "oncentrations when tested with the antigen. s




0 TABLE Iv

"RING PRECIPITIN TEST USING CHICKEN SERUM AND BRUCELLA ANTTGEN -

"gj:ﬁ';sgrum Sample - -

- Serum titer Minimum éﬁtiggn concentration

.. required for precipitation -

- 705 .
716 .

- 717

719

:' 721 ff
"
762
- "»fgé :
- 770
L 774

D6l

1:40 - .500 ug/ml
1:80 250 ug/ml
-},,i:160‘  'V f‘ o _'5250'ﬁg/m14

1:3200 . 250 ug/ml

16160 ¢ 125 ug/ml

©1:160 . . 500 ug/ml -

~f35t45j{jm8erum from control chickeﬁs’receiving,injéctionsfbf'adjuvaﬁtﬂandTSaliﬁe-.




Rlng Precipitin tests reactlng Chlcken serum with either tryptose or 55'

i'sperm DNA as antlgen produced negative results. _f'! |

Us1ng polysaccharide extracted from Brucella abortus G -1 as- antigen, _f

" 4 serum samples, post 1mmunization sera 747 769 770 and 774 produced
'} a poSiEive ring.precipitin; Controls were: prepared by using serum from o
,‘uninoculated chickens as well as pre*immunization sera.f All controls

- were negative. Ana1y51s of the antigen by the anthrone reaction 1nd1cates

Vteiﬁ,that the polysaccharide concentration of this crude extract 1s 7 3 mg/ml

“,~As a comparison, the concentration of Brucella antigen used as antlgen in
¢’f the ring test is 10 mg/ml and 5. 6 per cent or 560 ug/ml is. analyzed as

, polysaccharlde material

" Absorption of Chicken ‘Antisérum with-Brucella:abortus Febrile Antigen:

.-Post Vinzxnunization serum sa:ﬁp‘les “716 , 719, 741, 769, 770 and 774’ which -
h_produce pos1t1ve precipitln and p031t1ve agglutinln reactions were absorbed-:

' w1th Brucella abortus febrile antigen, . Microscopic sllde tests were set up;

'reacting thefabsorbed sera Withrthe'febrrle-antigen; Unabsorbed sera

I agglutlnated the antigen Whereas the absorbed sera showed ‘no p051t1ve o

P f:agglutination. In ring precipitin tests u31ng Brncella antigen in

,~concentration of 10 mg/ml unabsorbed serum produced a positive reacticn :
‘f:and the'absorbed serum was negative. Absorbtion of the chicken antiserum

'ffwith Brucella abortus febrile antigen removed all antibodies to. the )

f{nparticulate antigen as- determinedty the agglutination test and to’ the

”e{fsoluble antigen as determined by the ring precipitin test

,:Enzymatic treatment of Brucella Antigen: -

f;brucellavantigen treated with trypsinVQiq?nctgaffect.-




: :precipitin reaction of five positive ‘serum samples but prevented a

.positive reaction w1th serum sample 716 Treatment of the antigen fg_jp“ .

f{with DNA-ase did not alter the reactivity with positive sera.~ o

L Gei ‘Diffusio‘n'--

*9Qi vvvvv A 51ngle diffuse precipitin band occured in Preer double diffusion

‘7tubes at the interface between the intermediate agar layer and the

o antigen.' ThlS reaction occured in tubes containing post immunization

’E7[?ffserum samples 719 747 769 770 and 774 Pigure 2 illustrates that

'M”l_Brucella antigen does not migrate well through the agar.~ Ic appears

’if;lthat precipitation was, the result of serum alone diffusing through the

:§u'agar and reacting with the extract at the top of the intermediate agar B

" "Vﬁ layer.' Control tubes ‘were prepared by substituting saline for the X

":ffantigen in tubes which had a positive precipitation. Control-tubes and“%

’3lftubes containing pre immunization serum or serum from control chickensgffV

T were. negative. 7

In Ouchterlony double diffusion plates, a single copious precipitation ‘

r";:,region was observed after 72 hours with post immunization serum samples

wlfi?716 719 769 770 and 774 Flgure 3 shows that precipitation appeared

ftgby the inner aspect of the antigen well facing the antiserum., Greatest::
'T!precipitation occured next to' wells containing antigen concentrations of
,40 mg/ml and lesser degrees of precipitation were noted w1th decreasing

7f'extract concentrations, Precipitation was not found 1n pre-immunization

: ﬁﬁisera, with control sera, when saline was’ substituted for antigen in

".5positive reactions. Wlth both Preer tubes and ouchterlony plates, it

‘appears that Brucella antigen dld not diffuse well through agar. ;"”




FIGURE 2.

PREER TUBE GEL DIFFUSION

il

B an‘ugen

o A ‘ g T
S B ﬁﬁ’%’f* «— -precipitation

(\
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v

————  serum —
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FIGURE3 e
OUCHTERLONY GEL DIFFUSION

A= pre-immunization serum

~_B=post immunization serum

“1 antlgen concentra’uon 40 mg/ml o
: ~_J2- antigen. concentratlon 20 mg/ml- B
3= antigen concentratlon,10>mg/m|
4= antigen concentration 5 mg/ml . -

5 an‘fji.ge,n concentration- 2.5 mg/ml }:-v'y.f'ﬁf.'-




" FIGURE 4
'OUCHTERLONY GEL DIFFUSION

A= Antiserum diluted 1:1 in saline .

1= Polysacchaside containing 7.3 mg/ml
- 2= Brucella antigen containing 10 mg/ml
“3= Brucella febrile antigen -
4= Ruptured Brucella cells




A:Feulgen Reaction':’,vi5?

ﬁf Control plates were set up in which‘DhA was allowed to'diffuse
{;through agar. DNA was specifically stained and the agar ‘was non reactive Sl
3f;fusing the modified Feulgen reaction. As little as 100 ug/ml of DNA -
ﬁwidifftsed through agar could be detected by this method |
: Plates having precipitin bands were treated with the Feulgen ;
@;_‘reagent.‘ None of these precipitin bands stained F ulgen positive._; s
viidé:;Control plates with DNA diffused through the agar were treated together{g

L'7f'w1th the Ouchterlony plates and stained Feulgen poSitiV3~

7'?"?. Agglutination Studies-l ;_f‘“
- ~A:?05t'immunization serum samples 716 719 747 769 770 and 774

' diluted 1:1 in saline, agglutinated whole cells of Brucella abortus_

G-1 in a saline suspens1on.' Pre-immunization sera, serum from control.
”hlf:chickens, and physiological saline failed to agglutinate the organism.

Chicken serum was also tested for agglutinating antibodies to

-/

*‘;_ Brucella abortus febrile antigen by both the microscopic slide and tube'f
wﬁfgagglutination tests. Serum titers were obtained from the smallest

“57§f concentration of serum diluted serially in sa11ne which would agglutinate .

V“hfthe antigen.' ‘It can- be seen in Table V that serum titers to the febrile:
‘;T;antigen obtained from the microscopic s11de agglutlnation tests ranged ;;:;ﬁxV,.d'
'SVLfrom l~80 to 1-320‘ In the=more sensitive tube agglutination tests,»'

:&serum titers rangeddfrom 1:160 to. 1 2560 Preoimmunization sera, sera. 5"1; S

'57‘from control chickens, and saline all produced negative results. fA:~

‘ifﬁffcorrelation was noted between ‘the febrile antigen and Brucella abortus G-l -

.-in that both anti gens were agglutinated by the same serum samples, post




' TABLE V

AGGLUTINATION TEST OF CHICKEN SERUM AND BRUCELLA ABORTUS FEBRILE ANTIGEN

Serum Sémple . Slide Agglutinatibn.Tite: : Tube Agglutination Titef
| ,.705 L f -
716 o 1:160 o 1:320
: 717' o : | R ‘z : M . N f'
719 -  1:80 o 1:160
721 o Y
747 o w3200 \ . 1:1280
769 1320 R  1:1280
o a0 1ieko
774 | | | | 13320 : 152560 -
6% e \
S7sox | - -

- % Serum from control chickens receiving injections of adjuvant and saline.
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immunization sera 716 719 747 769 770 and 774 faThe febrile antlgen§fﬁ‘

f(Hammgnd, 1966), |

:Indlrect Hemagglutlnation'fV'

Spontaneous agglutlnation of huma_,cells occured 1n all tubes in
which chlcken serum was added It appears as though heterologous

'1antibod1es in chicken serum - to numan erythrocytes could not readily be~¢,-if

”5'absorbed

Adsorption of Brucella antigen'and;DNA onﬁ“he‘surface of tannlc %ft.

?g;llacid treated red blood cells was demonstrated Spectrophotometrlcally

th{by the method of Stumpf (1947) . The appearance of a pink color in the { ;

“~’;{,solut1on when both preparations were treated w1th)cyste1ne hydrochlorideﬁ"‘"

:‘:.and sulfuric ac1d indicated that DNA 'as present., i "

:Passive Cutaneous Anaphylaxis. RSN

The inJection sites on the back of the guinea pig were observed for';f

7l;§>2 hours after inoculation. A blue coloration at these sites 1nd1cat1ve»i'-"
.);aof - aﬁtlgen'antib°dy rea;ti°“s did not aPPear;aiItiappears~that-the-
‘fgfanimals were properly inJected w1th the antigen-Evan s blue dye mixtuveihi7«~

3because the eyes, nose, ears, mouth tongue and paws were t1nted = |

f{blue.: Examlnation of the Subcutaneous surface of the skin also failed to

iindicate a p031t1ve reaction.' Pa331ve cutaneous anaphylaxis to chlcken

'-Lantiserum and Brucella antigen or. DNA was not observed in the guinea plg..!Kr

:was prepared from Brucella abortus strain #8 _original HuddleSOn #251 :;fé'd3“-l




. DISCUSSION  *

One of the more 1mportant aspects or thls research was to ascertaln 1f ' fl'?
*[phenol extracted DNA (Braun et al 1957) was antlgenlc in chlckens.v
fkalochemlcal analys1s of. Brucella ant1gen has showa that DNA is- only a mlnorQVﬂvf*:

't’component of the extract. Results from three methods of ana1y31s showed

'hgthat DNA comprlses 4 to 5 per cent of the extract., Braun (1965) 1nd1cated
;that this 1ow pelcentage of DNA 1n Brucella antlgen was a result of the
.”si{extract belng lyophlllzed However Chargaff and Dav1dson (1955) reported ;N.
'h“tthat dryma DNA' does not dlmlnlsh the quantlty obtalned nor does 1t hamperA'
:7'fjthe chem1ca1 analy51s of thlS substance. Removal of water does alter the

'rstructure of . the molecule.; RNA, was, not analyzed per se’ because determlnatlon g

»rfof the extract by spectrophotometrlc procedures showed that 4 per cent of :

ofthe material was nuclelc ac1d Since the dlphenylamlne reactlon 1ndlcated
'5ﬁ§~that 4 per cent of thlS mater1a1 is DNA, 1t was concluded that RNA could

o only be present in mlnute amounts 1f at all

Almost half of the lyophllized materlal is inorganlc salts and about 51__Y-3

'aa thlrd of the dry welght is free water. The hlgh salt content 1s

'fattributed 1n part to the c1trate-sa11ne solutlon used in extractlng the e

"ant1gen, in part to the 1norgan1c salts 1n the tryptose agar medlum on whlch;
'la;'the organlsm was grown and 1n part to the 1norgan1c constltuents of the ff"'
‘ ﬁjbacterlal cell An explanatlon for the large amount of free water in the

'fi'antlgen is that a "dry" extract was obtalned after lyophlllzatlon for 48

Only after

'ﬁfhours and it was assumed that all the water had been removed



_‘by reports of Martinez~8egov1a et al (1965) that phenol extracted DNA

d'prec1p1tated by ethanol contalns large amounts of polysaccharldes.A Treatment'
of the extract with chloroform resulted in the antlgen-contalnlng only 1 per 4
hcent 11p1ds and 0. 25 per cent proteln. -A s1gn1f1cant aspect'of the. .

:'ivpbiochemlcal analySLS is that more than one procedure was used to quantltate

:5reach component of the extract and the results were remarkably con31stant

Evidence is presented in thlS study that phenol extracted grucella

:%‘antlgen is antlgenlc 1n chickens.: Ring prec1p1tin tests were usedvto-
»iiidemonstrate the antlbodles present 1n chlcken antlserum because of the
'ifl.51mp11city o£ de31gn and hlgh deglee ‘of accuracy., The rlng test has shown
>hjithat 60 per cent .0of the 1n3ected chickens produced antlbodles to Brucella
ﬁi?‘antlgen, It should be noted ‘that Plescla et al (1963) reported that-only‘_
;~{'5vperfcent.ot'rahbits'injected withiﬁrucelia,antigen prdduced detectable":
.ﬁantieDN " antibodies in responsepto this eXtract.- rhevabsence of‘antibodiesA
V_reactive uithithe égt£a¢£ in'preeimmuniZatdon%serumvand in.the‘serumiofi‘
P control chickens indicates“that precipitinsinerehproduced in responsevto;thei_”

ﬁ‘[_inJected mater1a1

In these studies chlcken antlserum agglutlnated Brucella abortus G-l

.hiiﬁ7Top1ey and Wllson (1936) report that normal chlckens frequently have

'tJ;'studles u51ng Brucella febrile antlgen, all of the: pre immunizatlon and

,control sera were negative and the p051t1ve sera had t1ters as hlgh as jf -

1 2560. It is therefore concluded that the chlckens used 1n thls study had ‘-

add1t10na1 drylng was more water detected in the extract.t Polysaccharldes Q;Qf“”"

tconstitute a slgniflcant portlon of the antlgen. ThlS f1nding is supported ST

: {Aagglutlnlns to Brucella abortus in tlters as high as 1 200.‘ In agglutlnatlon. e

“no prlor exposure to the Brucella organlsm detect1b1e by methods utillzed S

~,‘_here anu that any. antlbodles formed agalnst the bacterium were in response ngf[?;j



_"7to the inJections of Brucella antlgen. gﬁ. o

agglutination test.‘ All serum samples which produced positive precipltin

.»iantiserum with the febrile antigen.v In addition, Olitzki et al (1959)
Ny ireported that Brucella antigen as a vaccine protected mice against

'9»tibruce11031s. It appears that antibodies to Brucella antigen were formed

-ffvagainst surface component of Brucella abortus and probably not against .
.;"'material derived from the 1nternal structure of -the. organism."i‘;‘

Antibodies to Brucella antlgen were not demonstrated by passive

A correlation can: be drawn between the ring precipitin test and the f;jff¥g;l

ifrings also agglutinated whole cells and the febrile antigen.' Antibodies ;iﬁii;éff'

ﬁ;to the whole cell and to the extract could be removed by absorbing the ;:.-{

R nemagglutination. Sufflcient work was Hot. done with this technique and A,x:'W“ 3

' ;{:no conclu31on could be made.; Passive cutaneous anaPh}’laX1s to. QEEQELLE d
ﬁ;}:‘antlgen has been reported by Miescher et al (1960) Howeverithls -
"iiprocedure is 1napplicable in demonstratlng antlbOdleS present in. Ch1Ckea
. iserum-: Halpern (1963) reported that hypersen31t1v1ty of chicken ‘serum
:}¥;can not be transferred to the guinea pig.

The use’ of agar gel techniques has shown that Brucella antigen does -

- f@;fnot migrate well through agar. In 0uchterlony plates reacting Brucella

‘5fto the well contalning antigen. Reacting Brucella febrile antigen w1th
Qfantiserum, one precipitin band also formed adJacent to the antigen well.ugj,

ifHowever utiliaing extracted polysaccharide as antigen, two prec1p1t1n o

L ﬂf.bands were formed One band occured next to the antigen and the second

~{ant1gen with chicken antlserum, a’ diffuse prec1pit1n band appeared adJacent;”]Thlf

A fband migrated and appeared mld way between the serum and antigen wells.,ﬁ,;fff'

The diffuse prec1pit1n bands occuring adJacent to Brucella antigen, the o

,febrile antigen and the extracted polysaccharide appear to be similar.r Thefgl):;ff



;second prec1p1t1n band found in the reactlon of the extracted polysaccharlde fi,“

"'and the antlserum may be due to differences in concentratlon. Brucella ty-’ﬂ;

i'ﬁantlgen contalns about 50 per cent 1norgan1c salts and has a polysaccharlde "

'btzjconcentratlon of 560 ug/ml whereas the extracted polysaccharlde contalns f'
"»f‘47.3 mg/ml polysaccharrde. Crowle (1961) reports that an 1ncrease rn ;f‘
.antlgen concentratlon may cause the formatlon of a- secondary prec1p1tate.AH
_Crowle further reports that recharglng the agar w1th antlgen may cause a
7¥hgsma11-amount of dlsplacement and this could result 1n band multlpllcatlon.
” As best asfcan be determlned DNA is not 1nvolved in thlS antlgen- a:r
Hﬁj:antrbody-reactron.: Ut111z1ng the Feulgen procedure, as. 11ttle as one :ﬁ

““~i__drop of-a solutlon contalnlng 100 ug/ml of sperm DNA can be detected in T

'eﬂlagarAgel. The precxpltin bands formed in Ouchterlony plates from a

”Q«{Ereactlon of chlcken antlserum and Brucella antlgen contalnlng 200 ug/ml
bl:DNA dld not staln w1th the Feulgen reagent. One explanatlon may be that )
ffijthe preclpltln band d1d not contaln sufflclent DNA to be stalned by the
:Feulgen reagent. Another p0551b111ty 1s that DNA ‘was not present in the :
‘prec1p1tate.; Sperm DNA would not react w1th chlcken antlserum in the rlng

sﬂ‘test and treatment of the antlgen w1th DNAase had no v1s1b1e effect on theA

“?,prec1p1t1n reactlon.

: Hershey et al (1935) reported that polysaccharides of Brucella cell

yff walls are antlgenlc 1n rabblts. Blochemlcal analysrs of Brucella antlgenbl

‘_has shown that 1 g of extract contarns 56 2 mg of polysaccharlde mater1a1 “ga.,_

’ ”Zl-Polysaccharlde extracted from Brucella abortus G-l produced a- posrtlve L

“ff;fpreclpltln reactlon Wlth four post 1mmunxzatlon serum samples. Reactlon of
. Brucella polysaccharlde wrth chlcken antlserum tends to 1nd1cate that thlS Vf'T

pmaterlal 1s responsible at 1east in part' for:the ant1gen1c actlvity of

‘gphenol extractedaBrucella antrgen,huﬁ



a*';studied u31ng serologlc methods.r

Phenol extracts were. prepared from Brucella abortus. ThlS mater1a1

:\r'was analyzed accordlng to standard blochemlcal procedures._ The‘extract f

- was used as antlgen and 1n3ected 1nto chlckens. The sera obtalned were :

"‘l; Chemlcal ana1y31s of phenol extracted Brucella abortus has shown :

‘{’f‘that the 1yoph111zed extract contains 4 5 per cent DNA 0 25 per cent

' 5~protein, 1 per cent 11p1d 5 6 per cen polysaccharlde 49 per cent .

‘*irlnorganlc salt: and 32 per cent water. It has a nltrogen phosphorous

-ﬂ-’mole ratio of 4 08 and an extinctlon coeff1c1ent of 7 900.

: ]12; AntlbOdLES to Brucella antlgen were detected 1n 60 per cent of the
' chlckens immunized These antlbodles were demonstrated 1n the rlng

'fffprec1p1t1n and agglutlnatlon tests._ In Ouchterlony gel dlffu31on studles.;

’“_E-a single dlffuse precxpltln band appeared adJacent to antlgen wellsf:155

‘ ’ficontalnlng elther Brucella antlgen or the febrlle antlgen.A

© 3. A deflnlte correlatlon in serologlc act1v1ty was noted between o

.'”v:Brucella antrgen and Brucella abortus. Each serum sample whlch had a'?; -

'-Qz,p051t1ve preclpitln reactlon wlth the extract agglutrnated the 1ntact f~

"f»organlsm and the febrile antlgen.r In addltlon, antlbodles ‘to both §£2£Ell§ .d;"

‘:?1ﬂ:fant1gen and to Brucella abortus cells could be. removed by absorblng the

""fantlserum w1th febr11= antlgen.h

lth »4.’ It appears that antlbodles were not formed 1n response to the‘DNA -

: 01ety of the extract.. Prec1p1t1n bands dld not staln thh the Feulgen
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| reagent, DNAase treatment of the antigen had no effect on the ring precipitin
~ reaction and sperm DNA did not react with the antiserum.

5. Crude~polysaccharide extracted from Brﬁcella abortﬁs G-1 préduced a

positive precipitin reaction with 4 serum samples. The polysaccharide
component appears to be responsible, at least in part, for the antigenic

'épecificity.
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