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SUMMARY

The effect of mycobacterial adjuvants on antibody
production against soluble protein antigens has frequently been
investigated. Such iInvestigations have9 however9 been limited
to the effect of such adjuvants on the production of 7Sy”™ and
7Sy2 immunoglobulin antibodies of the guinea-pig9 and the
development of delayed-type hypersensitivity to the iInjected
antigen.

In this thesis9 the effect of mycobacterial adjuvants
on the production of antibody in all immunoglobulin classes,
7Sy19 ?Sy2 and 19SV of the guinea-pig has been explored. The
antigen used throughout the study vas bacteriophage 0X17U9 which
IS known to stimulate the production of both 19S and 7S 1mmuno-
globulin antibodies in the guinea-pig. Levels of bacteriophage
neutralising antibody iIn the serum of animals Immunised with and
without the use of adjuvants were measured using the bacteriophage
neutralisation test on the eighth and twenty-first days after
immunisation. The different immunoglobulins were separated from
immune sera by chromatography on Sephadex 0-200 or DEAE-cellulose,
identified by Immunoelectrophoresis, and their antibody content
measured.

It was found that whereas mycobacterial adjuvants cause
a marked increase in the production of 7& antibody, particularly
of the 7Sy2 immunoglobulin type, no such increase occurred in

the production of 198 immunoglobulin antibody.



In an attempt to explain the lack of effect of
mycobacterial adjuvants on the production of 198 antibody,
synthesis of bacteriophage neutralising antibody by different
lymphoid tissues from immunised guinea-pigs was studied In vitro
at times when the predominant circulating antibody was of the
198 or 78 immunoglobulin type. These iInvestigations produced
the surprising result that, on a unit weight basis, red bone
marrow was much more active iIn the synthesis of 198 antibody
than any other lymphoid tissue studied. In contrast, lymph
node tissue, particularly from lymph nodes close to the site
of antigen iInjection, was more active in the synthesis of 78
antibody than either spleen or bone marrow.

The significance of these findings is discussed with
reference to previously published work, the mode of action
of mycobacterial adjuvants and the relationship between the

production of 198 and 78 immunoglobulin antibodies.
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Tha errect ar uycobnutarial &dduvunta on antibody

| '~-fpraduction ugainlﬁ snlublo pratein antigcnu has’ frnqnuntly baen’-f<

:inva:tigwttd. Buch invoatigutionu have, howavcr, becn 1initad |
f:; to the arreut or such udjuvants on the production of 7811 and
TSYE immunoglobulin untibadinu“nr thu guineanpig. ana the
1 1£deve1opnen& ot delaynﬁntype hypcraenlitivity to the injoetad
:: isnt£gen. L o R o

"LIn'this theaia,.the“gfruct ar mycnbucturiul adéuvantu{f¥ "‘

”*vw‘_;immunicution. uThn ditfcrcnt muunaglobulin.Ivurgiaopnrated?fr..

':‘~fidontitied by 1mmunoelcctrophorasil, and their antibody contant .;;;?ﬁ‘

;Tfmetsurcd. f;f@fﬁfﬁi R | 7 | B
- 'i» It RTE :ound thnt wheruua mycobacterial adjuvunts causeIJ
-;fin marked increulo 1n the produ¢tion or 78 antihody, pnrticnlarly
AQ;QI tho 7872 immunnglohulin typc, no aueh incranle occurred in

"7‘;thc produetion ar 198 immunogl”bulin antihody. j4?¢fff}'::';?

. wiumune a#ra by chromutogruyhyjon‘ﬁephadex 6-200 or DFAL-cellulono,f}@"i;
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f It haﬂ:been kn@wn for song’ canmiderable time that?fhi :

"“Gjﬁthe gerumgp teins of animals can’ be divided 1nto two broad-

ﬁ“7?5raups onr,,e baaxs of thexr seneitivltv tO PreeiPita**”“ by

nium sulphame'T These two groups are globulmns, precipltated

“"‘bylhalf aaturatzon with ammonium aulphate, ana albumins,-lgﬁi

C ¢

‘f 3preci‘ tamedﬁb -ful-*aaturatian vith\mmmonium aulphate. Early

Akﬁ"rkers inrthe tiel& of immunology anon founa thax antibodxes

- "prec pmta&ed 1n the globulin fraction or immune aera. Analys;s

'ﬁthat the amount of globulin present'

Hf%;ajiimmune preclpltame:i8h°w

'ﬂnﬂ-"in'the prec;pitate was pr0portional to the antlbody acthxty

"i‘ gal analysis.

Most anlmal species .flj.




:!*'-huma.n am'a.. These threes:clf sesuor'immunoglobulin show distinct




Chemical» Physical and Biological

Sedimentation
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Agglutination
Precipitation

Complement
Tixation

lysis

neutralisation
Viruses
Toxins

Enzymes

Arthus
reaction

Aridity

Placental
passage

PIGUBS 1

Properties of the

Immunoglobullins.

Hh 10A IgM
7S 78 19S
12S(colostrum)
150*000 150*000 900*000
80 15 5
K X kK X K X
7 a u
2% 8% 107
.
.
. .
. t
. 1
variable variable strong
.

Compiled from Cohen A Porter (19&0 and Pike (1967)
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f,guinenupipa, unmg tzachm.quen such a.n enzymutic digen‘bmn and o
e 'radnction of the globulin nxc.l.ecula have lad to the tormation of
o 40. baaic molecula:r structure, whioh is shovm 1n F:.g. 2 (Porter,

3 962). The moleculemms composedr. or wo":heavy (H) and two

T light (L) chc:.ns, ao:.ned_'_"as nhmm“ 'by dnulphide‘bonda. The n

"‘-“‘?}-'chain has 8 molecular-: weigh’o of "50.009’3,3“1 “" 1" *‘h"

- antie,enic determinant] ,specifir for. ‘the_.'purticular mmunoglobulin

-ala.ss. In the’“’ case of the hmnanltimmunoglobunns theu determinants

o -are "y » IEG. "a.,"‘ “_:ﬂ.hc‘ cwbohydrate content; of the ;.

b 'jimmunoglobulln ﬁ‘ioleuu':;"iahusuany aasoeia‘be«i vith the H ohain.
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7 15 tnpugnx;to'he siuunmed in the Fab fragmen 13elahed vy

£

gaa on Lhe part‘of the Hachaiu 1solatediyyeﬁf}1_‘

‘~;;Lpapainydzgeauzon.v

) kithzs method (cohen & Porter, 196ha). The 195 immunoglobulin .

N ~molaeu e-ﬁreahs down into sxmilar B and L ahaina on reductlonf?f‘"

&and 19 bhought to be a yalymer of tha baaic un&t. contuxnmng
: :fxva uaita Joinea to sach other uy dluulphide bonds (Kurkel, L
H“:1960). ' | /

It zs not uithin tha nccpe of this revxew to deal in

,ﬂ*~detazl with the various atructural, antisenic and chemical ;

‘defferances among “the dxfferent immuneglobulin classea. ForiV'
ﬂ%hxa purpose, the raviaw artxcles or Porter and Prasa (1962) and - é

cohan and Porter (196&) provzde axcollenb eovaraae. A summary

“ia given below of the prapertias of the thres mador'clasaes

f 1mmunnglobu1in in humaus, 13&, IgA and IgM‘ The d tails rbr
IgG and IgM are genarally applicable bo axm;larf;mmunoalabulxn _
'fficlauaen iu other anmmala, bux ths prapertxes of IgA apply solely

A;f;to the human immunoglabulin.

LThe Lharacteriati¢$ of the Hum&n Iwmuno lobulins.

. Tﬂ&lObullnb 1n the hnman.» It has (3 moleeular wexﬁht“Of 150.000




fast Q globullns. Anhlbody actmvmt; 1n thlﬂ 01&53 13 |
i«uqunaffeeted bv twﬁatment vﬁth Bﬁmormapt @thmnnl.

any antxbodieq sre. faund in %hiﬂ clasa of immuuo

o Eiobulxn, lneluain@ &nhitmxina, antlbody against ﬁalmonelluan>

'mntigens, mumps an& pbllOVirub, anﬁ man; cemplemenx flxlng
mntmbadies. IgG crossea the placanta and enmers the cir a1

ot the fbetuw. : !‘f T - | ‘ﬁf’.-” o

IgA forms approximately 1§% of the total circulating

immunaglcbullna. ‘It has a,mclecular wczbht of IS0,00Q, bnt

Pﬂlymeric farms oeeurs The aarbahydrate cantent 13 abaut Sﬁ. R

;;Thﬁ moleeule has en elactropharetzc mobillty in the fnst ;
\f/3 region. Antlbcdy aativity 1n thxs class 13 aenzitii

’f,"raductxon with aqmercaptoethanol (Pike 196?}*

Anﬁibadxea found in thms clags are e ﬂmall propo Vion‘:?”:y -
aof AEO iaohaemagglutxnans and &gglutinxna agaznat Brucell
"abortuﬁ. Thzs immunugldbulin wes lona asanciﬁtad with raagi“:?T

Sin- allergic indivi&uals. but recently 8 new clana of 1mmuno~

gldbulin, 1gL, has be&n auggeshad to ba reapnnazble far th;s-

activity (Ishizaku. Lshinaha & hoznbruek 1966) IgA doea nct

Acroaa ‘the placenﬁa, ‘but-is: presnnt ia many bo&y aecret:ona such

‘&g, aaliva and coloatrum (Lohen & Porter, l96h). 5; o 7231a}§f;i*%; )£
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; fIgM may aroas ths placenta, bub euly in v*ry amall“amount:

“ib) The Heterageneltl of thu Immuna Respange to Ant@gen.,<

- 'the zncreaae in. knowledge?of theratrurture of the-““

?‘ihaa dlrected attentlon bawar d

classeu 1n human serum ia. well eﬁtabllﬂhed, and tharaiisx

‘;?ffor partxculate antlbena are found iu thiﬁ elmss e.@. ABOL

'f:;sah-amagglutlnxna. antlmSalmanella Oy and Rheumatomd raetcr.*:ﬁ”’”J

The development of new. immunochemlcal techniques and

"unoguabulins.

the"heterogenaity of th

~‘1mmuneglobulin preaent 1n serum. Tha presene& of thre_'if“J

Fiéev1dauee tc aupport the vleW'thnt aL 1euat two further clnsses

"y:,nxiat. ihe azreulating 1mmunaglobulxnﬁ'1n“00h@r anlmal’"ar' not:;:;hh




-,7>.as well underatooﬁ, but there is conszderable evidence farﬁthu

“ :occurrence or at leaat three 1mmunoglohulin classeu 1n guineampig.h, -

__horae, rabbit and mouaa, althaugh the relationuhip otitheae

'*f’rclasses to thn analagous clsnaua in man 1a nnt known;f

Early ﬂorkers noted that the 1njection ot antigena

';into animala resultcd afbcr u short 1ag period in thefiﬁ i

Av[f.yp,nr,nce of agglutinating, precipitutzng or neutralising

,jkj'"antigen injected. In viaw ot thc work briefly reviewe Ex

l f;prene““ tggether. und a& 17 dayn tha predomm
liof the TS type with declining levels of 198 body
i7and hia aolleasues (1965) obtaincﬂ nim;lar resulta; ?11

'_;iAobservationa auggesteﬁ that there was B nequence of antibody

v ?Droauction. bee;ixmins with the’ appenrance of—é‘anub“ ‘




A'ﬁ}f‘antibody formation agalnst bactariephﬂﬁe in th° 3“‘“‘“*118‘

h'i'fpredaminantly of the TS type 5

"';i;bacteriuphaga (Rasonqu:st & Gampbell, 1966;‘F1em1ng;'uunra

‘ja ?j;& Cuperlovic, 1967). In thla case the auqon&.znjéctlon of

’Ili-;antigen resulteﬁ in. the appearanca of bath types of antibody.~a jjlﬂ
3py'bﬂt the’ imporbance of the 19& campunant wau much lass. ;Aa

 '*7;fsim11ar situation han baen repv_ted 1n humans sufrerxng”_f

:;3{Hprimary and recurrent 1nfectzonn of typhus (Murray et g5121955)

;Finkalsuein (1963)‘ uvejstudzeﬁ extensively the progresszon ot%fh

.....

‘%ﬁThey rcund thuﬁ 195 anﬁzbody appeared early in the eirculatxon.
f}raaching & peak 1evel 7~10 davs after antigen injectxon, whxle

“;;18 deys urter antigen injectian. eirculat;ng autibody waa‘ E

ther a seaanﬁ injentien(of ijfg

;antigen, high leveln ar 78 ant:body appeared, bub no;lQS{

lantzbmdy. Similur observatlons have bcan reported 1u chi,;?f”?}rlg' :

““*using bovine aerum albumin (Bened;ct et al '1963)§ana




and 73 antihodioa aequent1a1ly arter ‘" qinglm 5n1ection or&g

“ “'ffj antigen. Tt seams therefore thwb a. Vari@ty ef speries thaﬂ.twﬁ

antibaay firat formaa in response +0 antiwen is Qf the lgﬂ:lﬂ,

immunoglobulin type, rallawed by 1amer synthesis of 78 3#-?'_ 35 : !

immunoglebulin antibedy.

7 whe reaponse of éxperimental animals ta a aec&ndéi
injection ot antigan is uaually more rapid that the firat, vith-‘
~xgreater antibody pro&uction.‘ aowever. l08 antzbody a@pears to
‘ €J“ play 1itt1e part 1n thit acoeleratnd and he1ehtened remponse.
Unr and Finkelstein (1963) suggeated that in bhe guinaanpig, no
immunclogjcal memary exlats ror 198 antibady production¢ A

‘;necond 1njrction at bacteriophaga given 9 dqys after the

rirst resultea in a slight risa in the. eirculating 198

y"'ibnay lavels. Hawaver, a necand in%action given when

“#iiklgs'antiboayV ;u1a no longer ba deteated mn the eireulatlon

o resulted in no rmse 1n 19S antibody. These reaults suggaqted

thut h’ﬂris in 196 levels aftar rewxngeetion ﬂt 9 day?iwas u




RIS T AR

,H“{further. that peraistcnce of antisan is neoesaary ror the ;,ﬁfu

’fcontinued synthesis or antibody or the 193 type.

The 198 anbibody levela in sera reach a pcak

._rnpidly aftar immunxsation, usually B~10 daya, and decl:ne

' nharply therearter. Thin transitory appearanna or 198 n&ibody

»fi_ﬁean be: explained on.three countu:

' '1 As stated above, peraistence of antigen may be

neceasary ror the aynthesis or 198 antibody. As

o untigen is eliminated trcm the body, the atimulus for s

}”‘.;antibody synthesis vill then diaappear.
,g,;?Antibody of the T8’ type is known to inhibit the
"«,appearance or 198 antibody (Sahiar & Schuartm. 196h),

o 3 ~Estﬁmation of the halr-life of varioua guinoappig;

e oa

i serum proteins ahow that 198 immunoglobulin has a;fffké

;,"ti of 25.8 haurs. whereaa 7u immunoglobulin has ‘f”“

75ta of 5.5 days (Unr & Finkelstein, 1963). Thia
_means thnx arﬁer synthesis of 198 antibody hau

g ceased. the circulating levels would rall rapidly R

) -ffdue to normal catabolic processes.

= The explanation for ‘the short life or the 198 reuponae ia

most 1ikely %0 be a cnmbinamion or +these faotors.f This does

not. explain why 198 antibody rormation precedea 78 antibodyi\jkfgﬁl L

rormaxion. o

LIt has been'éqggéétéafthétifhe Qciiuﬁopﬁldt16£§7
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that repoated *ni&ctlon% of &aimone)la 0 ant*gen resulted

'1n the formetion cf 199 untibody only. wibh no subsequent
’hTS formaxjon.‘ huinea~plgs ae nob apy@ﬂr to producu l9b ;_ﬁfjf¥>f
‘antlhodv uguinst ovalbumln after & sanulm 1ngect10n. whether

L:in adjuvant mlxtures or iu aalmne (Wllkinson, 1967)

- It appears that The phjsical nature of the anhlgen may

'”1nf1uence the type of antibody produced. Soluble protein untlgens

- generally stlmulate the formnt:cn of TS ant1body With tranultory

198 production early in tha lmmune reuponﬂe (Bauer et al. 1963;

Gray, 196k).‘ Thms is also found to bc the case for virusea

 (Graves, Cowan & Trautman, lObh~ Cowan & Trautman. 1965), -‘ -h“5

bacberlophage (Uhr, F:nkelstein & Baumunn, 1963). and aimple ;

~ haptens (Bauer, 1963) ' In contrast, pnrt1culwte antigensA'
3-8 Gram-negatlve bacterma, predcminantly Btlmulute untihody

of the 198 type in rubbits and humans (Dﬂke & Schulze, l96h;

LoSpelluto et al, 1Q62) The responae of the guineampxg ta
such antigens 13, howevur of the 78 typa (Bloeh, Kourllsky,

Ovary & Eenacerrnf, 1963) Torr;gianl and Rolbb (1965)

iﬂemonatrated tham the injectlon of hhyroglobulmn coated on

' acrylxc resin pa:@icleq intO'rabbata resul»ad 1nva.more"

vigorous anﬁ'aﬁ&bained'l 5 antzbody reaponﬂe than did

ingeet1on or thu same antlgen 1n aoluxxon, Ada et al (1965)

- observed almliar results in rats aftev JnJLctLOH of polymeric LfV[?vfh3‘

aad mononeric: flapa]lln. Heatuagbre ated bovine Serum '




f“fgrﬁwzth bhorotrast (Uhr &: rinkalatein. lj63b; Jenkins.

N {gsenaitive ﬁechnique af radio»immunaeleetrophoresis ﬁ

<albuman C&udﬁﬂ grcqtor produntian of QS antlbedy in rabbits'*"'%-{

;;f;bhe ﬂynﬁhediq or ?q &ntlbady. qimllar resumbs hav_f‘*”” \
'f:obaesvmd uﬂln;’bncterial qcmamlc an&mgena (Robb1ng,

i:& duter, 96;) mnd poliovzrua (Bvehag &

‘;:Traaxment of anxmala with cndctoxin oruAQirradiatlon has heen

‘ “shown to prolons the lgs responae, aa has treatmnnt or animalu

Auzina

 $1& Reade, 1965).'

Tho saquantial appaaranee er antibedies of the 198_

2 ;'and TS typ@ a8 descrihed ahove may be nowe apparent than

| ?‘real. Freeman anﬁ Ftavitsky (1965) hmve shown, using theA

.Mmmnltaneous appearance af 193 und T Anilbadlasf!or human

'iaurum albumin and hovina 1,~globulin in the sernm-ofvrabbita

Kenny_ﬂ.;;,
Manacl, 196'1). .ﬁ;;_a

milar reaults, i
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‘usiﬁgia faﬂioaéétive ﬁraéér‘ﬁethod'fqr‘antibody aeterminatidn,
aﬁﬁhhﬁve'ahﬁwn_thé\presahee of greater levels of T3 than 1958 -

: aﬁtibadyain:ihefcireulaxion during the Tirst week after
nntlgen indeutaon. »

On o welght for weighi busia, 198 antibody has been - -
shown to be many t;mos more efficient then 7S antibody in' the
agglutxnatzon of red biood cells (breenbury, Moore & Nunn, 1963).

| bacterla (Pikqg‘Schulza;& Ch&ndler,”1966)-and-zn,the neutrq@zsgtion
'ofxbéxdteriopmge (Finkelstein & Uhr, 1967)s On the other hend,

T8 un-tiéoay“ig only aligml;} more efficient than 198 in |
the preczpitatlon of aoluble protein entigens (Haremans.

R iVaelmnn & Vaerman, 1963). It may be that the deteotion of lg%
'antibody before TS antzbody afber antigen 1njection in the
-bxtuamlona<descr1bad ahove, is'an~arteiaot producgd by the
*Lecbn;quab uacd in the estxmabion of antibvody. 'TeatS'aucﬁ'ai*5

‘iv1rus neutralzsablon, agsluoination aud haamaaglutination
'ﬁswill detect: much Bmallsr quantihles or 19b antibody than TS
‘eubibody due. to thg much areater eiilciency of 198 anxibody

'fmn carrying ouh thusa reactlonu.f

a) 'The Rf;ect of Age on the Immunoglobulzn Response.

“ A aeseriptzon ol ‘the 1mmunoglobu11n response would

ha'inaqmp;ete;wuuyoum menbion of tho sge of thb’atimulated




'inéhimal. The work deacrzbed above deals entiraly w:th.rasults4 -

: *from adult animals.. The immunoglobulin response in youns

animals, particularly nconamal animals is samewhut difrerent.i’*:‘

" Smith (1960) found that the neona.ta.l :mtibody response or
‘humana end- rabbita to SaJmonella H untigen wes of the 198
'type only with no production of 78 antibady. Further, this
-ireaponae accurred in the abaence of any . detectable plasma -
nﬁ eells in the lymphozd tlsaues of auch animala, supporting fhe
:3htview or Schoenberg et al (1965) tham the two claaaea or

'~j-antibody are aynthelised by different nell types. Uhr, Lﬂ;iif

» §g¥gDancia. Franklin, Finkelstein and Lewia (1960) showed that

~-;Jpremuture intants were able tu make only a 196 responae to |

”‘szacteriophage at birth. If the injeetion was delayed until o

“73f52-h weeks after birthv then f°rm°ti°n Of bOth 193 anﬁ 7

ﬁ#i{fiantihody occurred. Elchenwald (1963) has atudied v1rus

= intectiona of the foetus in utero and has coneluded that the &

:ﬂﬁifbetuu is ahle to reapond to such infections with the

'ﬁfiproductidn of antibody er the 198 immunoplobulin type. but ia;f

,;ﬁ;:;unable to produce TS antibody. Foetal 1ambs also relpond to f,' ’

ﬂ”-}the ingection of antigena such am bacteriophage. B.C.G. &nd

'ié;Salmondna.qp,by the produetion of. 198 antihody, but such :S*?w L

\ IVanimals do not produce antibody against aoluble protein

‘Jiﬁgantigens (Silveratein ot al. 1963) It appears therefore th‘t

'ﬁiffia 198 antihody reaponse can be mounted by the"toatal and
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‘imméﬁiétely neanatal ahimalfafter*nnﬁiééﬁié atimulamiop.-buti
huqynthesza of antmbody of- the 18 type does not occur.; Further,
‘under theaa circumatancea. ‘many anxmals have been shown to 1aek
_‘plasma uells in their lymphoid tlssuee. Such results argue
thax tho ability to: produce antzbody of tha 198 type arases
earller than ﬁhax to praduce 78 untxbody. Th;s prov1aes
tindircct support for the views that the synthesis or these
'1mmunoglobulina ia eubserved by dlfferenn celJ poPuLations.
and: that sequentaal produetmon or 195 and IS anﬁlbcdy oceurs -

"ﬁ) cher ractors affeetink the“Antxbol Rea onaé to Antzfen..'
i | The abzlzty of animals to form antlbodies of any
nd”'ﬁimmunoglobulin type cen ba affected by a var;ety of nonmspeciflc

 ﬁfactors such as nge (nee above), sex. hormone balance, genetic |
?;§aonstitutzon and nutritional status. Hnny drugs such a8

' cortauon& an& adrenocortlcotrophic hermone w111 cause severe

A suppreanion of antlboﬂy produetion, as w111 irradia&zon and the.
use of’ cytotaxic drugs e.g. nmtrogen muaturds, 'Imuran'
{&?*knowledge of=bow to suppreﬂnuthe immune response i of»exﬁreme
?qiimportance in this era of tisaue tranaplantation. |

One ractor which has been shown to’ afrect the immune

'i:reaponhe 1n the other dlrcctzon 1.@. to potentiate the 1mmune
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' response, is the use of adjuvents in the injoction of antigen,
The effect of adjuﬁgnﬁs_isftully digcussed in the following

“section.




" ADJUVARY ACTIVITY =~ -

\ The term 'aﬂjuvant' 1s darived frmm tha La&zn verb

adluvare, meaniny %o help . An aaguvant was def;ned by Munoz 

(1964) as 'a substance which: enhances the: antibody response’ to

'_antzgena injeoted. aimultaneously with 1t or’ wzthin a period of -

time clalely spaced to the 1ndect10n of antigen' Thza

definltxan must be ehtended to 1nclu&e hypersensitivity stlt&ﬂ)iif{

1nduced hy untigen, which may or may not be depondent upon

cxreul&tmng antibudy. and hypersnnsitxvxty atntea suspeetod to

ba associated with the immune response. -
For the purpoaes of thia review, adJuVants will bei

"dealt w;th under three main heaﬂings.

l, Bubstances, usually nonnnntlgenxc, whlch adaorb antigen.
2, Bacteria’ and bncterinl prodncts. other than szobacterza.-'
3. Celll of various mycobacteriul species, and chamzcal

fractlons or auch cells.

N M)vomsp'xmn s o I
The orzglnal obserVHtLonﬂ of Rumon (1925) und Glenny,
. Pope,” addxngton and Wallacv (19’6). Bh0W1nb that antigena
adsorbea on. partlﬁulate matcrlal aave rxae to better antibody

"?roduction. &tmmulated the invomtigatibn of' many other SRR




substences for adjuvant ectivity. Glenny et ol (1926) found
thet nddition of a solution of potussium alun to formol toxoid
‘cauged enhenced entibody produaction., Glenny und Bary (1931)
further showed that alum concentrated and o a certain extent
.-ﬁurified the antigen, in a&dition to enhuncing\antigenicity.
fuch nixtures of antigen and alus heve been found effective ih
the immunisetion of animals (Cleany & Bary, 1931) and hunsns
(Bergey, 1934}, Similer results werc obtained by Hekboen end
Velker (1933) using o mixture of foxmol toxoid end eluminiwm
hydroxide in guinee-pigso. Similar'raaults vere obteined using
diphtherie snd tetanus toxoids and typhoid beeilli in
experimentel animals (Mann & Spinka, 194G).

Many other substances have boen credited with
adjuvant activity, including taploca (Sohmidt & Steenberg, 1936

Ramon, 1937), polyvinylpyrrolidone (Amies, 1962), phosphorylate

hesperidin (Moss gt al, 1956), and berylliuwm {Salveggie; Flax &

Leskouvitz, 1965). Both sodiuwm wnd calcium elginate have been:

reported o have adjuvant activity (Slevin, 19503 Anies, 19993 o

Scherr, Markowitz & Skelton, 1965), Pernis snd Parinetto (1962

21 -

o

a o

)

and Wilkiuson and Vhite (1966) have demonstrated enhsnced iumune

responses vith soluble antigens adsorbed on silice. Misher
{1966) hes shown that intravenous administration of colloidal
carhon, thorotrast, saccharated iron oxide and polystyrene lute

prior to injection of antigen causes on enhenced response to

x




<sheep erythrocvte

varletv of'01“a andurelated sybsiances have beani:

e -and' partmculate’" ni-lg:ena. ,Ll,rk,-: Zel]mer and Stone (1922) shom.d
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tha$ k*lled Gram posltlve cocci were odjuvant uctlvu, and

" chultz und Swm?t (393h) obtamned 51m11ar resulta. uaing
;str@ptococcl. They obt¢1nad cnhancea ,ensltiVJty'an& antlbody
';preduction uo horae serun’ 1n rabbita.' éwift aﬁé.Schu1tz |
ﬂ(1936a. b) 3nd Burky (193&) demonstrated enhancement of
",‘antibodj production by ﬁbaphylncaacal toxing, More recunt,i
,f?HoJuon and Schwab (1966) have shown that the mucopeptide rraetion o

"of Lhe cell walla of /3-4uummﬂy%1c &Lreptococcl cauaea an 1ncreaae

in dntxbody produotien and shxn ﬁgnﬁitivity Lo bovine aerum -

_aihum{n in rnbblts. The mucoPQDtide is wore cfieutive than

“comnarabla ﬂases of coll wallb or aoLuble eell oeract., 

Khmnmlkur (lQQh, rnportwa that P%eudomonas aeruginoaa

o was- adjuvant antiVG, an Qbacvvamlon aonf&rmed by Lipton and

| r-';vﬁteio;mn (1963).4 Remon and. ?oeller (1937) ond Remon (1931)

‘lffﬂworked exten31VQ1y with byphwld V&OClnP, showmng that this

w~ug;vacclne 1ncreased antltOXin-

Jltrer aga:nﬁt dlphtherla and

Larly warh on Bordetella Q rtu331s (Elder;na, 19h2;

j1ParfentJeu ct al. lQh?)ﬁqu&gented bhab perbuaslh vaccine

‘*m;“fin reused thu sansltmvmty of m;ce to o number of atlmnll.

7ﬂ[1nclud1ng hoeter131 and v;ral 1n ectlun. h;stamlne endctoxzn and

'”apaaalve annphylaxls. Furthcm AHVQSﬁ&GELlOB b; Greenberg and

Tlemmng.(l@h?, 9&8) &hOWud th&t Aﬂgcubaon of dxphtherla tox01d

P dlth pertunnla vacv;ne goave rmse uo enhun;eﬂ antmtoxmn titres. '

Increancd vntlbody responaes wurn alao rcported for sheep .
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"Qevythrocyt@a, ovulbumln and human serum albmsin (Vld. Munoz, 1964),

':Faxthing and Holt (l96°) uhawod Shet Bord. pn:tuuals celln

'”'enhanood tho antitoxzn KLGQORSL bv cqu51np G&Tllér pvaductlon ot

fanthbody, nnd a.mainhamnad daffgrenmlal nvev control anunals.

mhe web;ve prxnolple of the manJ Gram nagatzve

R??Lorganlsmr Whith‘uhOW'adjqunt acﬁivmty appuars to be endotoxin.

‘ Johnson et al (1956) ourlfled endotomln from ualmonelle tvphx.

eudomond& aerualnoaa, uarr&tma murcesceus,’and Brucella

“tffmelluenslg and dcmon%tramed that such preparamxonq when inja;ted
'iﬁw1th anbzgan @avc markedly 1n0rc¢ ed antmbody reﬁponﬁeﬂ t°
v“».soluble proteln anblaens. PQrthinﬁ &“d Holt (1962) showed thet
E  ¢1‘1¢3.<>1.0::111 isolaﬁed from E. coli und Bord..gertuSSiS WRS 3“
Vfbfeff8031VQ adJuVﬂnb ln &ulnga»plg, chlchou and mousa.w It would
foisegm that cndotowln is noL bhe only asative prlnclplc frmmw

f;fBord. partuabma. Lxhrautv of thls _organiem vhlch are’ not endo-

/ ; u0x4n utli onhance antlbody productlon, and Lhe use of ggggi
I“J€€Eurtuagxs 0.8 an adauvant 1ncroaogs the ﬁanbltlvmty or animals

i fto anuphylaxxu, oy effect ot usually associated vlth endotaxin
i*ig(nuROA, 1963). ndotoxln has been ahown bo 1ncra&ve the
“7f‘¢csldtauce of m¢ce Lo exnarlmental vmrus infections’ (Waﬁner et al,
”77:19 9), ta 1ncreaab anmlbody productlan to bovine aerum albumin

 '7{f¥31n chmchens (Lubcche & ulbdl 1965) and Lo acuelerate the rejection

1“:tiof 81 in grafh, 1n rubblta, an effeot vhich is abollshed if the

11? dn1m&lb pre flrbt maac tolcreni to endotoxin (AlaAskarl et al,

o 96!4 )




”;MA review of the vast literature on thia subjact must

w“h fnder;rour nubheadinga.;g;; g.*
'Fi‘v{Effectiof mycobactermnl adjuvanta on

;ifiga) the circulating antibody reaponae to antigen,;‘
ZVThrfb) the inductimn of the atate or dalayadrtype

g ’"hypersensitinty to tmtigon.

'Uoualitative alterhtxon of the type or immunoglobul:n

-nproduced;in response tf:anti&en.

ytyphoid bacilli by the aame route cauled a chliderable increale ‘

‘;in the serum antibody 1evela ugainst these antigena. Dianea

(1928a, b, 1929) showed that injection or horle uerum or

;?Whe tiaaue“reaetion induced hyfinjnntion of myco~ ﬂ- ff;f1:?¢f?




xffﬁeomplement tix;txon.v Over the tollowlng fxfteen,years, Freund g;

:f?fsbacilli induced greateuwantzbod_ roductzon iﬁiguinea-pigs than

*} fdid inaectzon of antihodyvalo' (Freund & BOnanto, 19#2; Frgund:?“

“ﬁ;i& McDermobt, 19&2). Freund and;ﬁonanto (19&#) obtained nimilar:u';‘; '

5]resultn uuing aiphtherma toxo;d, but resulta“obtained uains
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B “lggi_as antipan were equivocal. In this cese, vater-in-oil
'>~emu131ons raised the awglutmnmn vitre obtalned, but eddition of
 myeobaeter1a.to‘tha 1paectxon mxxture appeared to have little

effect, The same vorkers also shdwea that such emulsions
.failed'to,induce’antihoﬁy fﬂrmation'to'pnéﬁmacoccul‘polyaaécharide
in rebbits. Treund and Bonanﬁol(lphﬁ) ghoved that the use 6f |
”vmycobacteriai adjuﬁanﬁs’in-rﬁbbitu prolohged:antibedy syntheéis
aéai#st Sgluonells sp. for périeﬂa in oxcass of thfca'yﬁarag-
Simﬁlar results were obbtained by Freund et pl (1948).

- Freund end hip aeaworﬁarsJ(lQHG) found thet the
' compositionJof tﬁe?injection nixture was of imperﬁqnoe in
obtaining an adjuyant effect; Thé adjuy&nm‘mixture used was -
prepared by‘mixiﬁéfthe aqueonn ébiuﬁinn'bf antigen in paraffin

- oil using an'emulsify*ng n@enﬁ Cslin Aguaphore (a wool-fut

. derwvat1Ve) or Falba (a 1anolin derivative) in the followxng ?

propnrtioqsg -aqueous phase 2e3.5 pnrta: Falba 1 part: pararfin
0il 2 parté,’,lt'vuaﬁfgunathwh increase in the paraffln oil
tended Ho rédﬁc‘ée-tha- antibody titre. obtainéd.- " Preund and
.;Bonante (19h6) showed that peanut oil could not be ﬂubstituxed
i*for paraffan oml, an abservatlon aonfirmed by Freund et alf
(19h8). These workers a;so showved that Arlacel A-(Mannide‘v'
monOOleate) could3be'used¥as emulsifying egent, |
| A.farieby of;hydrﬁéérﬁan dils-can be used as the oii

phase in myc@bactériai*adjuvahﬁs. Shew, Alvord end Kies- (1946b)




"“.4 showed thet 0113 of csrbon chazn length ¢
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15"080’ all liqnld at

1j.;_ll“body temperature were effectlve. Oxls of high c-chsin 1ength,

:"__whicn sre solid at body temperature "re i“ff“ﬁ"- ‘1'°h°“3h

>'Zw“this contrsdicts the. observations of Coulsud (1935) the test

_systems used were difrerent. Oils of. short ‘carbon chsin length

R produced ecute 1nr1ammaxory resetzons, anﬂ were spparently too

”b:toxlc to the tissues to be effective. Bsrrie snd Cooper (196h), }fﬁj!{v

E -“thve shown thet certsin o11s are sctive es sdjuvants E se.

';i]fbut this is sf?ose and timeudependent efrect.;_g“.:’7»“ff7ffb°1"b
i Man& mycobecterisl and : relstsd species hsve bsen ehovn ‘
“'-to ect as adjuvents when incorporsted in wster-innoil emulsions,4
“-;es heve a tew unrelated Grsm positzve and negetive bacteria (see
Fig. 3) M. tuberculosis ver. hominis, M.lg__gi and’ M. butxric -
have all been shown setive (Freund ot sl, 19h8) with the
_:saprOPhytic mycobseterze showing, in some cases, a higher !
activity then tubercle bscilli. Nocardia ssteroides, c.Ab3~v'”
;diphtherise (Shaw et al, 196hs) snd Lo EL__._ (Neveu, Brenellee

& Bio:sz, 196h) heve slso been shown to pbssess adjuvsnt ]

| sctivity. M. b0v1s, M. evis and B.G.G. have slso been shown

to be ective (White, Bernstock, Johns & Lederer, 1958).. White

(1959) confirmed the eetivity of N. asteroides, and added to this o

'--N. brss;liensis and X, rhodochrous.a Shsw et sl (196&3) ehowed
C. rubrum to be ective, but this organism hes sxnce been shown

'wigto be a. strsin of M. rhodochrous (Gordon. 1905)-




ffifin Freund'a Adiuvant in the Produetion of hxperimental

B i%l Pn. aergginosn
""QBord.

FT(‘UR}“ 3

5Q$ Fffective Dose of Varaoua Orggnisms Incorporateﬁ

A;lergie Pnceghalomxel:tia. .

orgnien o pose (e

"LM. tuberculosia var. Honinis ;’F“OJO;E%ff‘f-ﬂ
- atra.ins c, m', pu | o .
7 M. tubereulosis H37Ra ;;"

\Saprophytic mycobacteria

- Noaardia aateroides

, E. c011

ﬁertul:ig(

'Sttpbf nureus S T 0.2 BN

,m-.digmheriue ERT a0

B. cereun o . 540

| ‘TStrbptdmxdes 8p. ” §§“”: o ;6,*

(Bhew et al, 1964a) ~




' 5? The activity of such a large number of related apeciea led

;,Qto a search for the nctive princzple common to all.‘ Ohoucroun R

;f}!(lQMT) and Raffel (19h8) establlshed that a waxy aubatance

'“T}iﬂisolated from tubercle bacilll by chloroform extraction, when .

- flnjeoted along wlth tuberouloprotein, 1nduced 1asting ,"AA
:;:ftuberculln hyperaensitiv1ty. Haffel et al (19h9) obtained

: émsimilar results after injectlon or wax and ovalbumin in salino,ﬂ
';iﬁwith no: detectable increaae in serum antihody levela. The wax

'5.ftraction uaed was purifled' wax (Anderaon. 19h1). Uaing a

vi»similar wax rraction incorporated in water~in—o1l emulaion with o

Iantlgen. Raffel et a1 (191;9, 1955) and wmte. ‘Coon’s | and
1Connolly (1955) demonatrated an enhancement of antibody
.fprodnct1on against ovalbumin.s;f I

white, Bernatock, Johns - and Lederer: (1958) using the

._extraotion schcme ahown in Fig. h showed that hO mlcrograms wax

D of M. tuberculosis str. canettl incorporated ln water-ln-oil .

'emulsion caused increaacd antibody production to ovalbumln.
'These workera also ‘showed- adjuvant aotiv1ty in wax D rractions
--of M. tuberculosis var Test and M. tuberculosis H R_e .

ﬂ 3TV
‘Wex D rractions of B.C G.. M. Ehlei, M. pmey utia, bovine

:;atramns and M. avis were tound to be inactive, as were varzous

'7“_other chemzcel rractiona rrom human strainc 1ncluding cord ,

ﬁractor. wnx C. 00110 acid, methyl mycolete and polysacchar;de o “

i rram wax D or atrain canetti., Although wax D rrOm avian..;fni*i_
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ﬂ;bovine and aaprophytie strains were 1naet1ve, the delipidaxed”;,{"
Abacterial reaiduee showed adjuvant activity. Theue workers
*;concluded that such activity was due to the presence of. the
i_f.amino acids alanine, glutamic acld and diamanPimelic acid,
,rorming a peptide 1inked to a polysacchar;de, in turn e
esterlfied to myealic aoid.. The activity of delipidated
baeterial residues was explained on the grounds that such celli
probably contalned a similar compound. ‘i, S o
_ Asselxneau, Buc. Jolles and Lederer (1958) shcwed L
5 lthat wux D fraotions fram human tuberele bacllli were | ‘  "fJW
| peptidaglycolipids. Ultracentrifugal studxea (Jollas, Samour

& Lederer. 1962, 1963) showed that wax D was not,a hamogeneous

;aubstance;‘and that the peptldoglycolipid contentdvaried from

10 - 90% White, Jélles, Samour and Lederer (196h) showed that

.}q.only peptide containingirractions 0r wax R rrom human strains

) [f_could act as adjuvants.‘

Further, peptide containing fractions with '

}:adjuwant activity were iaolated in amall quantity from M. 1ei,{,u"

*‘§}7M. avms ‘and an a&yoical mycobucterium. These fract;ons

ahowad 8 similar amino acid contenx to- human type wax D." gf?;
ﬂStevartnmull and Hhite (196h) demonstr&ted th@ presence ct
;iimuramzr acid 1n adjuvant active wax D fractlons. further e
.aasoclating wax. D with the cell wall. They propoaed 8 structure‘
ror wax D (sae Fig. 5) based on the mucoyeptlde structure of

‘eall walls,




' igpotheticnl Briucturs of Vax D (Atevertutull & Wnite, 106k), < -

MURAMIG-—uExOBAMINE--POLxsaacHABIDE-—-MYGOLIGWﬁ5’ |
HEI’TAPEPMDL S KAV PR S O

MURAmxc--HEXOSAuznn--POL&SACCHARIDD--Mtconxc5
a ACID . 1* B ACID

l;;myoobacteria has been noted above._ Recent evidance produced

-A{{f;by suewartuwull and White ﬁ‘66)fhas ahown that wax D rractions fl‘

Yih:ior such organiama tnken atman earlyAatage in growth huve a_fﬁf? -

éf%ghigh contgnt of pf”tadogl”-olipid, und are adjuwant active.

?3418imilar fractions rrom old cultures of tho same organisma are

and to be inaetivakaa ad;uvanta.sr‘d

Itfound to lack peptmdoglycolipid,

The quantitative effect{of?mycobacterial'“diuvants

to'cvalbumln wasAestimuted by

MU ;Fiachel, xabat.’St er] _d' Beaer (1952). They'showed that ‘a

"f:;quantitative increa'

A v‘ﬂtibod'mtormation occurred, ¢m ;ErT“

»éf cnrrelated with local granuloma rormation. and hyperplasia in
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3;2regionalvlymph nodes and spleenb Of ‘the animals.. Hore
-vffrecently.yﬂoore dn'; choenberg (1966) conaared thﬂ nrimarv .
'5f3and aecondary responﬂeﬂ t° M- g.ﬁl!ig_n in "‘m'r“in"Oil

| 'emulaion, but found lxttle dlfrerence, except Lhnt antxbody :

'appeared ﬁlightly enrlzer atter the aecana injectian.,

‘lb) The erreat of iyeobacterial adjuvants on the development of

delgyedntxpe

The hyperlenuitiVo raaction is one 1n uhich an .

'? 3ndividual reacts to a nubstance which produc&s no reaotion in

<_vlnorma1 individuals, or reacts to umall doaeq of’ the aubntanca. or

in an exaggeratad manner.‘ Such reactaons can be broadly dzvided

.winmo two types, baaad on the 1ength of time aftor expoaure to*

am;igen req,uired :l'or the reaction to develop. |

Immadiate preruenaétivibx- _ |
| Brierly, immediate hypersencitivity ia nssceiated

H;with circulating nntxbody, an& ‘den. be paauively tranlterred to;{
{15 e non-senaitive indivxdual by serum frum a annaitmve aubject.:

; Such reactions take plaee within a :hort period or exnosure to |

:antigen, and dien down rairlj quickly thnreafter. The three o

.main elalaea or 1mmediate renotzon arez

a) Arthus reaction
b) Anaphylaxia o

c) Berum sickness.




/

‘»0E theae threo. the Arthus reautlun presents alfficulty.

“7}haV1na certuln sxmmlorltles tm tho demecd type reantlon.

7'_‘Humphrey and White (196h) descrzb& thms reaetiﬁn a8’ followe. sa'

»":,"Whﬁn @ small volume ot uolution nf an otheruiqe harmlessff'f RTEE

antxaen is 1ntroduceﬁ 1nto the skin of -an. 1mmun13ad r&bblt,lfj;_{
‘;{thu 1n1tial bled disappears. but W1th1n one or two hnurs B moréz
'Qadmffuse awellxng beglnnu tc show und the 100&1 skmn becumes E;A
hyperaemie. Peteehial haemorrhuuca ney appear, and the area
'Jor aubcutaneous ocaemu aud erythema nont;nues to 1ncruane for
‘qlueveral haurs, after vhzch the reaetion gradually aubsidea. ﬂ  .,,
ﬂﬂThe more. antzhody is presenb 1n the ruhbit bhu mcre 1ntenue" )
'f thu reactian and thc longer 1t tahes to d1ﬂappear. |
o Hlutologv of the veantion showa &nvolvemént of
‘_ iplate1ets and polymorphs. Gross oedema appeara. Afﬁer h
:zlhoura, the polymorphs dagenerate, and many lymphocytea,‘l-fJ't
f;macrophages -and uosxnophila uppuar. ”hese cells paralsﬁ for |
2mssevaral days.;"f ; e R £ o
Delaxed iggﬁﬁé'ei;éifiviﬁ';x‘."\\‘ . )
S e praaanec or cntlre 1nf0ctioun abanta, ﬁrolongea
: 'akmn contact or the use or an adguvant 1: ueualjy requ:rud tor the
'-idavelepment of delayed hypersenaitzvity reuctxona.‘ 6uch k
:reactions oannot ‘be paBSIVGIy transferred thh 9erum from Nf:*"
:aensxtzsed 1ud1v1auals, but cnn he uszng uuspens;ons of 71”

‘_uuclented blood cella, ar cell auspensions of syleen, 1ymphff,ff;f.




nodes or bone*mafrov’from séﬁéiﬁivn“inﬁivi&udieif;" :

”active 1n this espeot are belisVed to e lvmphocy?es

reactinn can be ellvitaﬁ mn nennvaqeulnr tianues. Thﬁ hiatology

f~af auch reaetlons hes been extensively studned (Murtzn@ ct al._ ;wiF*‘

196k 3 waksman, 1960) Aftev anjection of antlgem xnto B

senﬂltised;anlmal- polymorphonuolear cells invade the aitelafl?1;~“¥"

Iinjection;ﬁvfhéﬁe are follewed by large, monenucloar eells, ; E?f*
sriall lymyhacyfea‘and mncrophagab. Thu reaetian tak&s 12~2h
7 hours to develop, and may not reach a peﬂk untﬁl h& hourﬁ

fafter exposure to nttgen. |
. mha most fraquently ﬁasrribed delayed hypersensxtiVe ?@-'
‘reaotion ia ﬁhe tuberculmn reaetlon, rirab noted by Koph in

A;'

1891, and defined by Zinsse¥ - (19?1) as-

one in whlch there is no immediate effect, but with;n
y, b or more houra, a.awelllng becomev apparent whmch ;n :
,ﬁhe c@urra of 12-2h h@ur% results in e awollen oedamatousy;«f
sree of verying 1nten5ity. often with a. aanzral necrotic, ;~
spot, anﬁ, oena61onallJ haemorrhaga. This raaction may :

not reach its hmghest devwlepmrnt uutil abaut %8 hours

after iniaetion. and. is accampanied by aistxnct uagns of fgg_W"“ '

1nflammatmon, ‘and some cell death "
&uch reactlane have heen deacribed as an early raature ef the ;;;

1mmune reaponse 1o soluble protein antigens (D;enes, 1930) (Sell

& W@igle, 1959) but taeae raacticna are rapidly aupercaded by




a;t?reécbléns.of the‘Aruhﬁé typb;-w-\.
k Ceulou& (103%) demonmtxatea bhob szeetlan Qf A{E*
m~kxllcd tubercle ba0111x 1n paraffln gavo rise bo intense and
j}.;"labbln@,‘ tubﬁrautwn bengitwity.v Raffol (19h8) shnwed that
_d@llpadahed tuberclv bacillt fa}led to indnce Luberrulin.?fif”}

’nunaat:vxty, but Jf the bavijli verc firﬂt mmxed thh a

?}'vhloroform extract of tubero3e b&cilll, tuharculin sensztzvaty
“ifwas znduoeﬂ.‘ Al@ohcimether eytracta were xnarfectiva in this

,‘respect.' Raffe] (10h{) esnablmshea that inJectzon or tubercle

*ﬁ‘fw:x'wzth tuberculoprotein in saLine produceu tuberculln

“f,faenaitivmty. but that zndectiau of tuberculeprotaxn alone e

'-*::fa1led to 1nduce senhltlvmty. Chcueroun (19h8) stuted that
'Lg:ka chloroform soluble alyeclipid, E K ,-wuuld alao caune

‘ lgtubereulan senamtmvity when injectad thh vuberauloprotein.»ﬁ

;Raffel, Assellneau anﬂ Lederar (1955} identirmed thia antivity
| f‘ig;iwith thc wax ﬁ fraeblon of Lubercle bacllli.,,;;;a’ﬁ;g{Ziﬁkﬁ;fggifj
'“h '_-”“ D1encs az’ “chonheau (lQ?Tu. h. s 1930) and Dzenes ;:'
ligi(lgaﬁa. b, l929) cauf*rmed tha obaervutxons of Lewis and » '
‘*ngfbaomln (1)>h) ahow;ng that seusmtxvity to egg ulbumin could

1§ﬁ?be ;nduced iu guzneupplga by dlrant Andactlon of” antigen iuto

ff*'a'focus of tuharcular 1nfectxon. The-a workera obaerved that

‘55'1ntrabesh1cular 1n3eut1on ozalivirtubarele bacll;i in rdbb:t

éfolloyed ah hours Later by an inaectaon of. ovalbum;n in the

w}}fsume siba rcaulbed ;u tha development of delujed senaitmvity to




‘;W?fperitonaal injectiona, und killed tuberele bacilli- Theae

’the ant1gen (1930).- samiLar reaults were obteaned using intra—

o worhera alao noted that 1ntratentioular 1naeotion af smallpo”§?f-""

?iﬂvaccine followed by egg albumln resulted in delayed hyper« *364;_

: ;;lsensitivxty.A Dienea (1930) demanntrated the apeuiflczty ot

’;Citho hyperaenaitiva reaction uaxng egg globu11n, ebg nlbumzn },fVi‘
tfiand avomncozd. ,f:‘ | N | ”" |

_ | 1  | casais anﬂ Freund (1938) senaltxsnd Rhesus monkeys to ‘
fiﬁtuberculln using killed tubercle banilli in pararfin uil.( Ereund f{

f“and MoDermott (19&2) ahowed thax the use of killed tubercle

_;] bac11li in vatar-innoil amulsiona or hnrse serum albumin

;f‘reaulted in hyparsennitivityvor the tuberculin type to the ;;;;;g

ﬂi*antigen. Hhite o al (1955)jobtained delqyed hypersensiti?ity‘
'4 ito ovalbumin 1n guinea~pigl ueanz puriried wsx of Anderson. ‘“d
:;Whlte ut al (1958) obtained similar senuitivity to ovalbumin ,3 T
Qf;i“;1ng vax D rram & varlety of ntrains of mycob;éteria.'}'(:'lk
R White et a1 (1955) studied the hzstology ot the
":’;cornea of sensitlve auimals inaected intracorneally Vith
'¥'}ant¢gen. Thqy round groas thicken;ng or the cornea with

’ﬁ?}1ntenae cellular axudution throughout the whole thickness.:f:

'fIndividual corneal tibrea were grossly swollen.. Corneas tran~77"

I non nensitxve animal- ahowed negligibla changes., Vozs:n and

;f,;Toullet (1963) ntud;ed the nkin reactiona produced by the use ].

of mycobacterxal aajuvante., They showed that vascular
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lltipermeability arter an intradenmal 1uaectzon of tuberculin )
, 1ncreased at the sxte of, 1njeetion. Th1s increase vas
‘intense, but transztory, lasting for 30—&5 minutes. Thzs ﬁas o
“if follawad by a quaescent par;od of 30 minutes to 5 hours, ' |
ig.adepending on the dose of tuberaulin and the degree or
'“sensxtmvity or the an1mal. sacond wave of vascular

“_permeability then occurs, beeoming maximal nfter ah houra and

1y

'{E;fdiaappaaring axtar 72 hours. This inerease il of modernte
"filintensity. ;1owly progreasive and long lasting.: Voi:in, Toullet
 {fﬁ;ané V@lszn (196h) extendea thene observatzona to cover other s
"ihypersensitive reactions of the delayed type e.g. to noluble
'fJé?prateins. auto~antlgena, contact hypersenamtmvity. hcmograft
A}Vfiﬁreactxon, and showed that the 1ncraase in vaﬂcular permeablllty -
* waw & general phenomenon.: Thay concluded that this conatitutes
'“hra uaetu* diagnoatia feature for delayed hypersanaitivo reuctions, R

’feapeeialiy where there is a uancurrent Artnus raaction.

-J”;Qualibative erfeeta of mxpobacterial tdjuvanus on the immuno-

"fglobul1n resgonse of the guznea-glg.'

Guineaupigs sxven & single 1naect1cn of 8. soluble pro-f

?ﬁ;tgin ant;gen a.g. ovalhumin ware generall? thought to respond
f}‘fby product;on of a honologous population of antibody moleculea,
7f\w1th aimilar eleetrophcretle mohxlitjo. Whmue, Jenk;na end

‘“fﬂ!Wllhlnaon (1963) foun& that 1njeet10u of'dlphbherza toxozd or’




ao

‘_ovaLbumln 1n water-an-o:l emu181on with added mycobacterla

'fl”ust1muleted the productlon of two dletznct precipltin arca on

-1mmunoelectrophoreaia.' Inaectlon of entigen in water—lnpoml elone-}’
"7¥reseited in. the appearance of only one precxpitln arce, Thla ?5
"“"slngle e.rc was des:.gna.ted the 'fast‘ arc due to :Lta electro- o e
phorectlc mobllity.- On slmllar grounda, the second arc =

obtaaned by 1nclu31on of mycobeeterla in the 1nject10n mlxture )

. vas de81gnated the 'slow' are., Dens1ty gredaent ultracentr1~'J

‘1tfugat10n showed that both arcs eppeared together, wrth a

‘{;fsed1mentation constant of . TS.; Conseguently, these ant;hodieslﬁ
7 ;were de81gnated TSY (fast) end T8 2 (slow).. .

Slm:lar reeulta vere obtemned by Benacerraf et al .3!J
‘(1963) us:ng proteln antigens and hapten conjugates. These‘ﬂ;?f
"'workers fbund thax the slow arc appeared first:n the course ﬂzf;: 
. of 1mmuniaat10n, followed slightly later by the fest arc.-: R
‘Anlmals immunised 1ntraperitoneally vxth hapten produeed malnly ~.-

. fast mlgratlng antlbody. Common and d1at1nct entzgenic B

;determlnants were observed on the 'alow"and 'fast' antlbodiei;if B
h  “ ‘ The qualitatzve alteratlon 1n the type of | "

1"immunoglobu11n antlbady produced may only hold true wrth respeet

) to. gulneapplga. Coe (1966) hea recently shown in the mouse - that’e

- other faetors may determzne whether or not fast and slcw |

}ant:body qppear in response to antigen. The - produetlon of slow']~

mlgrating ant1body in the muuse waa 1nrlueneed by the uge ot




*?mycdbucter:al adjuvants..tha antlgen used, the strain or

7{=mouse and previous expogure of the mouse to antigen. ,Qﬁldf7f‘“

' The prOpertlaa of guinea—pig TB?W and 75Tn immunaglobulins.4

Beparation of the- twn 78 mmmunogldbulmns was flrﬁt :

" achieved by White’ gt 8l (1963) using 8 stupwxse elution lf;f;fifi_.'

technique on'DEAE-cellulose. These vorkers found that the ?B
,'ifraction transferred passive cutaneous anaphylaxis much more
"efficmently thean the ’STQ fractlon. This was conflrmed by “

;r‘0vary, Benacerraf and Bloch (1963). Bloch et al (1963)

9howed that only the 7672 immunoglobulln fractlon would fix

complement , and sen31tise antigendtanned red eells fbr lysis.

“ Both fractlons. however, would mediate passive cutaneous
-,anaphylaxis in the rat.; fngﬁf 53[: | o

The fractlons dlffer in'their adsorptlon ard elutlon fiir

v;proyertmes from DEAE cellulose. 80% of the TS.Y2 fracblon is

eluted from DEAE by O, 02 phospha.te burfer. i 7.5 whereas S

7571 appears at a conceutratlnn greater than 0 OSM. They also':

| dlffez antigenically. and in. the elactrophoratic mobllity or -

. thexr isolated heavy chains. ' ,.- : T ‘_ |

| | | It has baen auggested that tha Tan fraction of = |

.gulnea«pig Bera. might ba equlvalent 16 the IgA fraction or human ~v€’

. Bera.- However, thls fraction of gulneawplg serum 1s transferred

'from maternal to foetal clrculablon (Bloch et al, 1963).

Bhete




However;"' auqto ‘their.

"::properﬁy whlch human_I&A doe “°t;h“v°‘

eae two gulneuwklgAimmunoxlobulins;f;; ﬁff

'.if£°f 1nJect10ni(Geratl Tennaut &}:elzman, 19h5) Delaunay,:?;fm{;~“V“f"

Zf‘straxns produced;simalar'e facts, and noted.the preaence or

'E:ngiaut uellsg

Suxer and thte (195&) demonutramed thwt 1n3ection or"'

,;mycobacherzal ndjuvan u‘i”LQTthe footpad or pu;neanpiga 1nﬁuced3f"§ o

**; swel11ng of the 1ndected_root,‘followed by deaquamatlon and

;,f;ulceratlon.:xHyperplasm ‘oceurred in the regmonul lymph nodea.

'-7?polymorphonuclearileukocytea and eos:noph1ls xn the 1nJected

ff:fifoot. The lymph{n_;es alao showed.p olaferation of macrOphages;ﬁﬂﬁg;*'

'“‘ﬁjﬁThe 11Ver was found to eontazn amall roci'or macrophages wzth “f;ﬁ-;iig

E;ﬁplasma cella, lympho»ytes and polymorphs ,Many granulomata of ”;f-xjfiﬁ

}‘sxmllar cell conten were found iuwuh'flunga. Many macroPhageaAAg:;i_f




f{?vere Gatected 1n the sxnusoids of‘bhe 3plean.'
Whne, C‘oon“s end f‘onnolfly (1955) detected’ epitne:nom

rophageu 1n th& footpad mranuloma. The cytoplasm of these

g?ﬁcells was bulky, wath ‘e ; opaque or eoslnophilic appearunee.
"he nuclal were oval wzth clear~eut unﬂuletang nuolear membranes R
 faudfan pty 1nxer1ur Multanucleate giant Geils were

'A%innmerous. Antxbody fcrmlng aells were “ﬂcomm°ﬂ’ b“t whenv

“eteateﬂ'werc of %he pLaama eell scriea. In contrast, in animnls
“}ﬁs;xnaected'W1th wuturuxnmoxl ﬁmu131an, only alaght m&crophage
ﬁﬁ«ppoimf ration accurred, w&th prqmlnent fxbroblast proliferation -
‘i.wj_&ud young callagen fxbres. These wOrkers alsc studied. the._‘”
‘;;fﬁhmstology or the regienal lymph nodas. Homol&teral lymph
‘Tg:;noduq were frcm h-lb tlmes normal mess in anuna]s receivzng
‘  ?l£mycobaeterLa1 adjuvant. bectlons of such nodes showed complete .\~m-‘
ETidastruotion of the normal architeature. w1th intensmve
: ;17tmacrophage proleeraﬁion.‘ ﬁumerous gmant cells were presént but
”aﬁ”;very few antzbOQy aentaining cells could be aeea. Other txssues,
\"t5includ1np liver. lungs and splean shohed the preaenee of fﬁ |
'::?ngranulomata.Lgffo@fi?_ff~  S e T

Laufer. Tal and Bahar (19;9) utudled the. tiasues

':ﬂf4r3actlon oifmice, guxnea~pigs and hamstera ta mycobacteraal

'““gadguvants._ Granulomacouu lesious were deteeted 1n 1ungs. llver

-'”?“ﬂlf&nd spleeu, bub not heart or. kldneys in all bhree specles.,‘“

“:fﬁ;Rupp, Moor 3and.bchoanberg (1960) demonabratad the oecurrence {.




7.:h%:wor granulomata in th@ heart kidnﬁys anﬁ lungs of rabblﬁs after

"f ;intravenous 1naecﬁ1cn or mycabaoterlal adjuVant‘

'*In a atudy of

"f-tho mffbcts of nubcutaneous, 1ntr&musuular anﬁ intravencua ;Q~

:"inaectlon or:mycobacteraal adguvants, Btaln&r, Lanrer and

Ti;:aahultz (1960)1$hawed the formatzon of- almsamlnated 1esions 1n

~i 1ung, Lidney, Iivér &nd adrenals afﬁer subcutaneous or’ 1ntravenousf
;%ﬁfﬁnjection. Thase worlers detected no rranu)mnuta in apleen.  w
| wilkinson ﬂnd Whltu (1966) havc rglated 1oca1 tissue
| )‘efrects of mynobacterzal edauvants to tha abllxty of nuah '
'?udjuvants ta {nﬂuce production af ?SYn antlbmay and delayed

‘:hypavaensiﬁivity to soluble protein antlgens (see Fig.'ﬂ)."~VM

“"1"The productlon of avt01mmune alaeasa.

It is a gen&ral rule that the body does not normally

”‘ireuot iunuuoley;oal]y againat itw own unt{yens. Fhrlich tirst

x"'l'noted that exnerimental anlmalsﬂdid not mnke an.immune responsa

' ‘_&balnst their‘>wn proteins, and pronounded the theory of

'harror nutotomicus' ﬁgi

'Jn@ver pvaduae anﬂlhoameq'm&alnqt Jubﬁbﬂnﬁﬁﬁ nmrmully round in’

iﬁﬂ own Li?LﬂlﬂborV bVﬂthm lﬁurn&ﬁ (196?) h&a Bugpested bhat‘i'”

)guthﬂ inability of the hody hof 'gt to ita own untzgens is thpj_‘:

'“/ resu1L of a?hy:eoutntxv mechanism opor&mtnr ¢n embryonmo life and

fpevniutinp into adulhslmfn.; It;iw"neoaSﬁ&ry th&t ljmphoid rells

h¥ﬂ&hould bﬁ ub?c ?Q rooognmsg and to JQ&PL uguLnst uny foreign

Swy

xstaﬁea sinply that an animal willlr;f~5 o




h6

m&térials @B bééteria, viruse@;ﬁﬁhichlﬁéy be found in the
E ﬁisﬁuesa To mediste this r@cognltion 8 dictlonnry or pntterns,i
carrna& in the geneﬁlc maburla1 of thu iymphold ceXlB, is
necgssary.‘ Any such patterna corraupcndlng to 'aelf' 6omponenta
are auppreesedrdurlng embryonic‘”;fe,.aud shouldisuch ggtterng
_wrise by sone meqﬂs in 1ate?’1ife, they in %urﬁ'aré SQPﬁféésed
by the éame mémhaniSme Thus, the bcdy is prevented fram reacting
araingt its own antlgmnanﬁg. 4 |
Weiner (1952) explains the iﬁébiiiﬁyib;ﬁghé;bﬁﬂ} to
react against sell cemponenté.bn thw basir-of immundidéidﬁl
para)vsir. He proposed that the. nntigenio conﬂtituentﬂ or the
body reach antmbody forminp cella in such 1arpa amountu that
the eells sare uuabla to rebpund, A slmllar theory was propoued
;bv Billinghan, Brent ana-Msdmwar-(1953) whO‘suggestgd thg;;'
aninals never react immunoloﬁidally againmﬁ féréignahdmoiogaﬁa:
| ‘tavau@ cells to which they hava heen exyoqu qurficmantly early
Cin Toetal 1ife. This prucgss»was tormed 'antmvely acquired
tolerance’, |
" Vhatever the'mechanism*wﬁich prevents the béd& ffamfg_

reagting ayamnbt its awn antrgenb may be, undar certain -
- clreuwistances it nay braak down, wjth i rasultant 1mmune reéponae
'"and damsge to thn tissueu of th@ bodv, Such a resultjuan be . K
produced Pxpurimentajly by tha followlng methoas:

fi. Tmnunlsabion wnfb f0101gn dntlpcns s1m1]af tQ an i‘ﬁ'*

unimal' ow& Libsue&.‘




'vﬂ7fé;?j mmunisatlon vnth alt@$ed elfmcomponents.
"lJBfTQImmunlﬁablon lt qelfwcomponents in mynobaetarial

'{n&juvanhs.'*"”'

Wf}“h{'.The transfn? of immuno‘ogzcollv oompetent ﬁ?]lﬂ Prom an

“f;&lloynno1c aonar to B reexpient mada unabla to raioet

‘"Tthem e.g. by the use of Xﬂlrrad’ution.l

~*51Theﬂe e;pvrin&nﬁal muthcds resulb 3n the develoPment of an auto--)*”

'f,ﬁlmmuno ﬂlseﬂaa wibh dmnwbn L;kthe ti&aue inwccted as antigen. It

":la thought thaLvthn tmssue damago oocuzrﬁn, : 1 bheae proeesse31 “

:15 medluted by a‘delavad hypersen91t1v¢ty raactlon (Burnet 1963;

“anuherson, 196 )o% L |

| : Mvedbaatarlal aﬂauvanxs huve boen found effeetive 1n

“the praductlon of 0 numbev of expﬂrmmenhal autoanmune dlseaaesk
i;n anmmalq, lnﬂludxnb aliergxo encephslﬁmyalmtlﬁ (Kias & Alvord.
-'1958), ﬁ110 | tth01d1u18 (W;Lebaky & Rose, 1956) and dise&sa
1201 the adrenélq (Colover & PlJnn. 19)8) he et (Kaplan & Craig

;1963) xnaAlenoy (Hunﬁﬂr, Haekel & Heymdnn, 1960). As an

; Laamnle of the productlon of uuﬂh axﬁcsse, 1t is proposed to

EZQiacu%q exper{mmntal allewgic encephulomye]xbiﬁ.

'.":TYpuxlmentn1 all&r 1bﬂéncephaldmyelitis.

hxverh, 6prunb ﬁnd Berly (193?).ano Rivers and

;“ fﬂohwenLkor (1033) ﬁmaon&trated thst oy demyollnaijng eneepha]cmyelitis

1ffcmuld h@ producod Ln Rhesuq mnnhuy by repawted 1njections (up

flfto 30) o; narvouq th uu ovex a lona period of - lee. Suhaeqnently, 3

RN




ST

: Morgnn (l@h?) and Kabwt Wolf zna Bezer (JQhT) showed that

,.' .
«

sxmllav d{seare nould he producod using 1~3 inioctlona of narvoun
fftiasue in mycahacterlal adjuvunt. Animuls developed neurological
'aymptmms, mnd 1esions of the broin and syinal card includ{ng

vascular thrambcsvs, perivaacular cutranp wmth 1nflamma$mrv

oells and. demyalmnutinn.‘ Tho3 'ieslons were aeﬂepted as fhe

f'raJult of 1mmunlnation to’ oentrnT nervous tissue. ‘ﬁreuna, tern
nnd Piranl (lQh?) and Kopelnff and Lopelo T (JQh?) produced

-swmllar dispase in pulneammlgs by Lhe 1nject10n or guineaﬂpib

a ~nervour tissue 1n mycobncterial adguvant. Thc qymptoms ware

‘1es severo than those observed in monkeys. The involvement of |
4myuobacterial adjuvanta 5n the produutlon or thmn dlseaae led to f'j;
an invoqtmgatiom or the acttve fr;oht@n 0¢ thu bacillus ;:ui‘~'fﬂ
«‘reapons1ble for the ef?eats of the adauvant.- | o
Wﬂk%man and Adama (195?) obﬂerved Lhat lipopolysaccharlde .
':and wax D frnction or tubera?e becilll wc*e aotmvn in tha
reduﬂtion of allarglo encenhalomyelmtmd ﬁu rabbits; vhen ;;

'1niectod togathar wuhh rdﬁbit sPinml anr&.i Polovar (lQSh) rbund5
thn? tota]ly delxpidated tubarplc baellli were vctive when 7 o
injected alonq vﬁth heatea hratn muspensions, but tham nonn of
“the 11pLd fractmon“ 1solqtod mhowcd any . ﬂetiVlLy. Oolover and‘.“
{ Conaden (1956) 1snlatpd sn a0L1VQ fraat;on frdm tuharcle bacilli.’fi'J
'thich thev cOnc1uaad to h@ lfﬁoportoan.;f.la s | A
Whnte pnd Marﬁha11 (19 8) d@mouafru%vd tﬁﬁt wax D fromjj  .

".a Jarge number"o; st a:na o? tnbarcle bac3111 wcre act;vﬁ in thei




. ﬁrcﬂuéﬁioﬁ,df,allerﬁi‘ ﬂﬁeﬁhalOmyéiitia in thé'guiheaapié;u These
.wochers ub@d O, mlg of a watorwinwoxJ emuiazon LonLalnlng 16 Y I

'7hamolcgou& braln tibsua and 1 mg, Wux D fraebxons of M. phl@i,~f

f‘gg avmb, B L.G. and other bovine qbruln viere found o be

','inactlve - They »ugﬁested that uh@ aOuxvxty of mynobaterla dn .
*Lhe productdan of allevﬁlc ancephalomyplablﬁ van due Lo the
pruaonca of & poptxﬂoELJcolipld ln Lhe cell vnd wax D fractlona
_of tha cell. ;" | |

hreund and utonmb on the baa&s of bh@ ob urvamtons of

,”Aa&ollnuau ande@aervr (19)3) that wax D eonahlbutas approximately E

- 6»" tho dry welght of the tubnrela baciLLu&. 0alculated that

.‘the amount of wax D reqnxred to qu as a aubﬂb¢tut oy tuberele

o b&011li Ln the producblon o;;aJlerglc enuppnalomjelitiu should

?

'f'bo 1 ml) tmme& lens than th& m1n¢mum amount oP tuherule baC1lli

.frcqux?aﬂ.3~This wva n0u found Lo bu th@ vaee.' The mininon doae
"~.n£ Luberule baLxLLi reqﬁmr&d bo pzoduge dxﬁcabm ;n the - gulnha—pig
Jéf? was 10und to b@ 0 OHwO Oh mg. ﬂha?u&ﬁ the dose of wax D required

;aeﬁt wab O.a mg ' Theae worhcrs oaat mnme

'tm proauue Lhe ummu

vgdouh On uhu luu&txon 0¢ Wax. D 1n the produntlon of allergia Q”~7

’zdzaeaae, conulud¢nb Lhat, 11 vax D weré Lhe nattve ir&cblon, \-' '

5then 1b 1a &L lbahb?lﬁ ﬁtmeﬂ mure ﬁcb1vv in ajbu than af er

"

;801 Llon and puvafw blbu. ‘
L;:fﬁ; o - It eumu llkaly thac wa% D i Lhe acblve frautlon 0;

Q4ﬁ‘bhc tuberulg bau;llub Ln Lhe p;oductlon or alleaelc

f::g;enc@phalomyelxﬁgs., Sbewart-“ull (1966) has suggeated that the




;Alipid frections obtazned by Cclover (195&) razled to aot becsuse‘f

‘they did not contaln surflcient vax D, snd vere probably
zl;contaminsted thh other ihactive wsxes or the tubercle becillus..;:lV
; Further, although puriried wax D is relstively inactive when |

f»compered to the whole beclllz, wax D is a surrsce structure of

the tubercle becillus (White, 1967), and relatlvely more vex D
will be exposed 1n sztu then 1n s pure preparetion.

L The tlssues reaction 1nduoed by wex fraotzons of the

,Atubercle bacillus ective 1n the enhsnccment of antibody formetionh
':;Aegainst ovelbum1n or the produotion of sutoimmune dmseese sre -
*tiﬁethe seme.. Inactive fractions which ‘are not efrect1ve in 5
y'sffpotentlating the antigenicity or ovalbumin or homologous brain
tlssue produce a very much reduced tissue reaction which lacks ;g-ff"L
ve;the epitheloid macrophages found in assoclation w;th ective

f-__--rracnona (White & Hsrshsll. 1958). S

Although myocbacterxal adauvants will regulerly

1produce encephslitzs 1n guanea-pigs, rebbits and monkeys, in
/. some enimals, it is not necessary to sdd mycobaoterle to the ‘  .
4.:inject10n mzxture. Levine and Wenk (1961) showed thah in the :3-5‘ |
rat encephalltis ensued withln a fortnzght of injectzon of ° |
nervous tlssue 1n simple water-1n~oil emulslon. Slmllar results
| ewere obteined by Paterson and Bell (1962). In this case, the £
e use of en oily‘emulslon is necessary, but the sddltion of 5
17;’mycobacter1s to the emulsion does not incresse the 1ncidencce f; :

‘of the dlsease.- o




."Diségéqsléf'tﬁis type appear fo bé mé&ia&ed thﬁough ‘
:aiﬁéiééé&fh&pefsansitivity ceaction. Patersénv(lQéO)lshowed that
‘aliefmié encephﬁioﬁyelitis in rats‘cou1d'be sransferred by
mcanb of 1ymph node cell »uapen 1ona;.but not by sérum, Lrom
' .dlaaasad animals. Stona (lQGi) oﬁtainea'similar results in

gulneanpxg9ah Buhchelér andfheﬂaofu(196h)1éohfirmed that

L attempto to reproduce the 1eazons of @xper;mental allergic

- encephulomyelztlu by paddave transfer of aera from animalﬂ

o sufferxng from the diseauﬁ wore unsuccessful. It is

'charaetarxatig;of the delayed hypersensmtavity resction thut it
i Eén ouly be transferred from ohe aninal to enother by the'usé-of
f ngmhoid cell suspensions. Since mycobacterial edjuvants have
been shown on many occazions to'inciease the occurrence of.
d&ldyea hypergensitivity o antigens, it seens likaly‘thwt
thm,ekp@rimeﬁtal allergic.diéeaaes.inducea'by'such adjuvants
“‘are medmated by this type of resction. |
The rusulbs obtained in rots cast some doubt on this
:hypéfhesls. White (i967) has pub forwerd two explanations to
dover theseﬁfesulﬁs: |
1. The diaeaae of‘expefimental allergic encephalomyelitis
in thia'npecies is not due to delayéd hypersensitivity
to nefvous tissue antigens, but is mediated by seme
other:péansg
2. The adsuvaub principla'cf mycobacteria wh;ch incroases

delayed hypersensitivity successfully in meny




exp;rimental anmmals may fnil to increase the responsem;
1ntherat. I o |
P&terson and- Bell (1962) showad that, 1n contrast to thelr -
results in rats, the uﬁe cf myoob&cteria waa essential for the iﬁ“"'
f;_productlon of encephalomyelitia.’ TE may be, therefore, that

| ”‘the reactmon bo nwccmagtermal adauvants is not 8 general |
phenomenon throughout the anwmul klnﬁdmn, and ﬁhaé apecies
dmfferencea may affcct the enﬂ renultu ohtaincﬂ.~ |

As hau bean atated above, mycabacteraal adguvants

** have been uaed in nhe pruduction cf A variety or other

:fexparlmental auLoxmmune dlﬁaasea. The autoimnune process has

-Z.been meiicatcd 4n 2 number of human dmamaaes which occur

':3”i390noanaously. Theba luulvda dlﬁ@&%&“ 3uch 13 thyroidltis, ;5;’””% :
T §r eumwtozd arthrltis, vlueramlve colitis, myasthenia gravis.:;.*? e

Jatemlc Lupu& erythamatosua enﬂ mnny othorsf"etn such diseases?~t2;ij

'circulatxng untlbody a&ulnst tiaau& ocmpunvnts ean’be detectedf,i:1is/~

'?Qghut whether auun antzboaiem aru the eausp of the diseaae

’fresult of Lmnsue aamage ﬂr¢51n& fron & dmseas\ prooeas has

ﬂifye» ﬁo be shown. Aahnrsan (lﬂé;) hn rugcoztc&lthatttiuaue

‘autu:mmune‘dlaa&fe

"*;;Qnmmge‘j could occur by 0ne or a om nation SR

:',of tha iollawxng methudnt

, 'the k;llmng of ceLls by ﬂytot¢{{7“175;-w. .

- :DZ’QSQIIQ(‘) of C’“fl'plemenh SRR

' 2af‘anu1body ?uﬂ&llb&tlnﬁ phagouytoais, }ﬂ;L%

‘:3.4fdumawe hy'noluble antignnnantlbody complexea;f




b, deluyed hyperaenaitivity reactiona.
v5¢7‘4ynerglst1c action by eireulaming antibody and.
'-sens;tmsed cells-

,€Nhatevar the mauhmnlqm of &iaque damaba nay be, mycobncterial

”“'aaduvanbﬂ supply 1 uaerul e?pe'imental model Por . autoimmune

'diswaap whioh may allow—us ta daﬁarmlne the couse ana ‘possible

- ;trea&ment ot unalagous diseaae 1n humansmi
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:1f{fﬁdmstant lymph nodea

”iﬂcell waa of conamderable 1mportance in the adJuvant actavmt'v

."731Further, Wllklnson an‘jthte; 1966) have shown a close;

ﬂi}by mycobacterlel adjuvf“ts and enhanced antlbody productlongz"

j,gfand delayed;hypersenaltiv1ty to the 1naected antlgen (see:""-j

fithat the oil acted aolely aﬂ a Bolvent for the tubercle wax,““

'ffbut possessed ho direct funet:on itself.

'a-jretard the releaae of antigen (Halbert, Mudd'& omolens, l9h6

Freund, 3.951; wnite et

7¥7;,1evela Heache‘:after &léiﬁé;

eg?emulalon can‘alaofbe‘reached Y. glving a 1arge nnmber of

'"f;;and plaama cell prolzferation“was 8 own to occur 1n more :'*"

:hf}resultlng frcm theﬁuse of mycobacterla or thelr wax fractions.»:.f;”

tisaue reaction indu

Stelner et al (1960) have studled the effect'of

f-:i[myeobacteraal wax fractien injected aeparately end in,combznat1on
4:_;i(w1th 011. They found that mycohacterla caused the fozmation

'?jfof epithellOld cella 1n the ret;culo~endothel1al aystem, and

)‘proliferatmon of plaama cella. Theae effecta were more ev;dent ]
>'eﬂwhen 011 and mycobaeterla were comblned.~ In contrast, Vit
a;;lnendxxen (1963) 1nVestigated the importance of the tubercle

‘cm>fract10n in the 1nduetlon of delayed hypersenstivity, concluﬁlng

The suggestlon that a water~1n~01l emulsmon may

1955) has recelved conalderable

ﬁ.:Recently, Herber"(1966) has shown;thatfthe antlbody

njectlon of ant;gen 1n w&ter—ln,oil-fiﬁfw




"‘:f jjregu1ar1y syaced, minute 1nJectlons of antlgen alone.A He suggeata

'ﬂithat auch adauvants may act by the slow release of minute
::ﬁﬁquantltles or ant1gen 1nto thﬁ circulatlon over ry 1ong permod of

,¥‘time. Freund (1951, 1956) has shown tham excision of the sate

»of iniectiou of antigen in waternln-01l emulsion 30 minutes after “ﬁif?

ii;inaection does not prevnnt tbe formatlon of antibody, and further.

'5"Q_ﬁsuch animala produce higher 1evala of antmbody than anlmala ; .

;"inaaoted with antmgen 1n aaline, wlthout excmsinn of the 1n;ection

~;;alte.: The titres obtalnednwere somewhat less than those obtained ﬁ?

'}f;vhen the Water~1n~oil emulsion waq 1ert in aitu. Although these

”reaulta are apparently contradlctory, 1t may be’ that small

”:?1;droplets or antzgan 1n water-lnnoil emulsion are rapldly

ﬁ:‘ffdiaaemlnﬂted after injectlon to other PaPtS of the b°dy' and

ﬁ<guff1cient spread occurs to alxow a hemghtened 1mmune resPOnsa

-?;through the. mechanlsm poatualteﬂ by Herbert. The work of Kosunen
':f‘a.nd Kaa.riaunen (1966), uhow:.ng that a sigm.ficant proporbinn or

.f;the antlpen prasent in wateruin~01l emuls1on im re]easeﬁ into the

:{P;circulation rapidly after ingectxon. would support this viewPoint.‘m.t'"

),

, ‘L;Lﬁ}Freund (1956) has - postualtcd that onl faoilmtates the paasage of

\‘i;:antigen throughout the body.[

The suggestion that the adauvant actmvmty of mycobacterial

: ;ffﬁadiuvanta may in part be due to the retention of antigen wzthin the |

 “emu1s1on is contradieted by the obserVntmons of Draaser (1960)

‘*'fffwho showeﬁ that in +the mouse, antzgen and mycobacterlal ”dJ“V“““

";:;couldxbe 1naected 1n dlfferent ultes without loss of &djuvanb“*ft




"’ acfiv1t§.T ;1m11ar reéulta were obtalnbd, but by preatreatment
‘%,with adguvant by Houdayer, Metzger and. Paraf (1965). These o
resulta auggeut th&t mycobaterlal adduvants axart a nonuspeciflc
effect on-the autlbody productlng syatem. R;col, Quantock and
Varnonnﬁoberts (1966) ‘have - shown that water-mn—oml emulslona |
stimulate the actxv1ty of the retleulo~undothella1 organs of the
'. nouse to_a uignxflcant 1evel. Addltion of myuobacterla to such'
on eﬁulsion reéults in even greater atimulatlen. In v1ew of the
recognzbnd importance of phagoeyt081s a8 & erucial step in the
’ xnduction of the immune response (Perkins & Leonard, 1963), thlB :
mey prove to be at least part of the oxplanation for the actiV1ty
: of mycobucteriul adjuvunts. .

Humphrey and “Turk (1963) heve shown that an unrelated
»qugyéd_hyperaenéltiv1ty reactipn in'animals results in increased
:::fanﬂibody-productidﬂ egainst soluble proﬁein*anﬁiggng. In

1tubercﬁiin posiﬁivé'animalﬂ,Ainjection of diphtﬁér{affbxnid_

].iéﬁd'tuberculinfintracutaneouSly redults in @reétérnlévélé Gf»

.fcnrculatlng antibody than duaa 1nJaction of toxoid alone..‘Theae

"_‘ﬁworkera su&gast that thms is a reault of an 1ncrease in the ’

'_‘numbe: ofllmmunplog;cally ccmpetent cells to which the toxoid -
hes accqﬂqidué #o}ﬁha delaygd”hypergepsitivity,raaétibﬁ,'

;',ﬁawe?éf, pfior'uahsitisamion to tubérculin'has‘nofeffect on

bhe rauponse of gninaanplgs to anhigen ingectad in mycobanterlal

'adjuvunL, alﬁhough 1t does 1ncreaae Lhe reaponﬂe af guzneamplgs




ziﬁjeétéd ﬁiﬁh aﬁfiéen in simpleefatér?inuoil emulﬁﬁipn'(hron &
;T‘ez‘nicki.f 3967)';' I;Jijlcinson aﬁ&it‘miﬁé {1966) reversed 'thisl
‘situation, anﬁ 1njentad antlgan in water«inmcil emulsion prior
to the 1ngectian of antigen 5n mycobuctarzal aﬂguvante into
guinea-plga. They found thax prior 1njeetion of antigen reduced
: bcth the oceurrence of delayed hypersenaitiv1ty and the
productien of-?srb antmbody-ln these eninels. Further,ﬁthé7
tissue reaction to the sdjuvaent ves less severe, No‘information
wap given on the éggl cirqunﬁing antibody levela. Thesé :
rqultm,auggeatrthat the produeﬁlou-of e delnyed hypersenéiéivity‘
ataﬁé'iavimpdfﬁant in the action-of’mycobaéterial éﬂjuvanta.
‘ There are three ‘main hypotheses for the activity of-

mycobacterfal &djuVantSI

1.;>Rgpention and slow releage of antigen at tﬁe site of

ihjeeﬁion.
2o ﬁbéal and general stimulation of.immuno;ogicallf
fcomﬁétent cells,
3. ;Iﬁﬁuction of a state of deldyéd'hypers@nsitivity Wiﬁh
8 renultant inereaae in ‘antibody production, -

»ﬂThe mode of action ‘of sueh adiuvants iq uamplox, and would- be
‘more falrly represented a8 8. comblnatjon of the above three o
hypotheses. More recently, .tevartmmull Wilkinson and
hﬁhdte (1965) pave proposed &Jﬂirect‘role)fbr mycobgcterial véxh
in aﬁtihdéyfgynﬁhé&is. Becouse this ﬁeptidoglﬁcmlipid has.én

affinity for,'and bin&s,to‘guinéaépig 7ST2-immunoglbbulin, these




' overcons,

}%.worhers have Buggested that it

‘act as a derepressor of - ¢

"j’;x'—globulln synth951s.

Preund (1956) has augpested that kllled tubcrcle '

"-;-,

ffbacllll produce B cellular reactlon resultlng 1n allerplc

<q;iln§ury to certaln orpans 1f aﬁfroprlate tlssue antigensvare )
'1;1ngected in comb:natlon wmth mycobactcrlal adguvant._ He further}ﬁ:
”f{isubgested bhat the tlsaue antlgan mlght comblne wmth the
;mycobactcrl&l fractlon, formlng & complex w1th tlssue Specifléltyfgunﬁ
' }pbuL not recognlvable a8 'salf’ to 1nmunolo;1cally competenm )

‘tcclls. Tn view of the r@sults of Stowart ~Tall et al (1965)

,iﬂ,ae ég;bed abOVL, thls is not unllkely. Uhlte and Marshall (l958);wéta7;_
‘QisuGgéstea that mycoba@terla 1ncrease the immunolopmcal rcsponse 7:

‘;°f the b°dy to 180;;nt1g0n8, but thlé would argue that there 1slan;§f
:ilmmune response to Fself' antlgens w1thout Lhe use of adguvants.

i;gBurnet (1965) suggests that the use of mycobacterial udJuvants"




60

_paft'playédfﬁ&‘the;lV30ﬁmne'in the immuné"feéponae The lysosome
ﬂjis an 3ntraccllular vesiola, hounded by a llpororteln membrane, -
_?whlch cont 1na muny lytln enzymes. buch organelies gre abundant

{4;in ijphocytcm and mﬂerophapes (HOVJkoff, 1963). Iﬁ 13 thcu&bt

- f’thau Jyﬂosamus joln thh vaeuoles gcnbamnzng phugocytoaed

"mamurlﬁl in buch cells, unﬁ the 1ysosomal anzymes Lhen digest

'"sngthe'forelgn materzal.‘ Welssmonn (196h) has” prcposad thre@

]mochanxsms whereby denaturat;on of nornel tlasuo mlght reault

:;: 1n ﬁhe productlon of autlbod;ea, and resuttant autoimmune

d_.dmsaase .

A,uﬁl Forelgn maarnmnl@culea encount@red ana an&ulfed by

the "cll avo hrok&n’doﬁn by Iytlc enaymes navmelly
held wzthln tba 1ysosomo. Aftor degraaation, frugments : 
:lo? gnhanced 1mmunogen101ty nypear to bccome &ssoalated '
WLth thu ayhoplasmic RNA.H Subsaquenblf these‘5:5€ff§L5T-

antlban»BNA oomplekes are trnusferrcd tc 9nﬁ1bodJ

forming 00133. It 1ﬂ‘posdiblg thu& doyraded forclgn
macromoleouloa and dagraﬂvd olf nauramoleculad wre
processvd slmilar?y x 'antxgen' b; uhe macrophage,
l‘xa descrlpod above.
:Q;?" Leucage Qf ly,o§0ma; gnzgheS:fﬁﬁmhwéakaned,l&éégomés may
- léad tu uhe’breékdéwn"gf”n wiive m&cromolecules, resultlng

£

1n the proauﬂtmon of auvo~anb¢ senie: fragments, whlch 8

) Ni;" s would be Lraanerr@d Lo &nbibudv formmnw cella.

3 InLraanJu3ar 7 aidence ‘of mmovﬁwurfanl 15»&n@:v;r@$¢sg5 '




“mmJ Lend to jsésbmal'fragility Wwith the consequences

o4

gmutl%ned abovo.sgi~w‘

ﬂIn.viewiof thc gross nuflammabary ch&ngea‘induééd by myéohaoterial

adguvanﬁs, involving bOuh macrvphagea and '’ lymphoeyues. it is

lpOSﬁLble th¢t Jyxoromal enzymeu m;ght he rele&bed. -Dagradatién
-fiof the injcvt@a 'heli' thauﬁ into umaller antigonlc fragmenta
"¥not rgvcgnaqable as. lL mlght bhpn cucur, wmth r@bulb ant

*antlbody produatznu ana the appeafance of autolmmun; dlsanse.

Such'& machanxmm-mmy also be rasponsmble in part for

'ftho effect Qf myeobaaborlal adduvants on antibody productzon against
{foralgn anhngpns. - The eejlular reacuion 4nduced by»81mpl®

”5ffwuter*1nu013 ﬁmulsLon Loﬁt&lnﬂ fev macfoyhubgs dar oomparison w1th

'f‘{_:tmm

- nauaed by myaohaeherlal adjuvant. It is possible that the

jgraater number QJ lysosomu oontaxnxnw cclls nround Lhe smte of -

nﬂuntlgen 1n393t¢0n may ua 'laponbible fcv thm grcater enhancement

ﬂiﬂ,of antlbody productlon Ly mycubncterlal aaauvanps.




:FSites of . Antlbodx,gyntheama | - -
‘ ,“”l} Slnce the obaervatlon'ofvaélffer and Marx (1898);-55 5 o
J: ‘that the spleen of rabbits immunisea thh cholera vibrio contained
"fianblbody at a. higher concentration than the blood, the synthesis(
1 é’of antlbody by organs of the retlculo-endothelial system han |
“been investigated by 8 variety of methods. In the late thh
century, both extraction ot dlfferent organs, and estmmwblon f:zi‘
'¥ ¥1of the. antlhody content of thexextraet,-and surgxcal ablatlon :
S '“of selected organs were‘used aa methods of 1nvestigat10n of
;}the sxtes of antlhody aynthesls.i In 1912, Garrel and ,

K Ingebr1gsten”ayplied the method of txasue culture to the ”?f fE;""?E

finvestigatlon of tlasues 1nvolved in the productlen of antlhody.;?&""'
Investlgation of the sltes of antibody synthesls hns B
"-:_:generally been carrled out usmng one or more of the following

| "methods:

a) Simple extract;on of tiasuea fram immuniseﬁ animals%%}ﬁ
"“-,i‘;-by grxnding, and comparison of the antibody content'fa'““{
}jfof the extract with th&£hof serum.~ - L
*yﬁh); Ablat1on or dxfferent organs by aurgary; hérménal B
;itreatment or 1rrad1ation, and estlmation of the effeet

L Jor such treatment ‘on antlbody productlon. More recently,“‘“'

| -ﬂﬁafter 'blanket' ahlation exbher by 1rraﬁiation or

'*Uf;:treatment with}xmmunosuppressive druga, aglated tisnuea f”

ffhave’ﬁeen'replaced by eell“‘sus})cnsl"“8 fr°m h°m°l°8°ur
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impune respoﬂég:of'the ﬁreamea animal observed,

e) In vitro éulmfe of tissues from immunised anima;fz;', ,
and eshimaﬁibg'of the antibddy formed during thé#ﬁeriod |
of incubuﬁiOn.:'Sgcﬁ formation of antibody is uSﬁAilYf

: fmeaéure&'eifher’ﬁy,direét'antigen-autibbdy reacéién, or
by the inebrpo;&gicn of carboh§1h labeiied,aminp'acids

| 7 dato neﬁiy ayntheéiaed'anfibody;“ | |

The above methods were all in use in one form oY’ another in the
early aﬁth century. A fourth methad was developad much" later.
Cooﬁé, Ledue .and Gonnplly (1955) dGVelpped the 'sandwich'
teéhniqne<of immﬁnOfluorescent staining.' In this teéhﬁiQue;
frozen sections of ‘the tlssue under 1nrent;gation are exposed
to @ sclution of antlgen. The section is then waahed, ‘and
breaxed with a fluoreacent 1abe11ed antiserum agalnst the.‘
antigan. Antlgen is adnorbed %o antibody. containing cells. and
the labelled antiserun. 13 in: turn adsorhed bo anngan. On
aubsequent exmnlnatlon under the ultfa~V1016t microacope, eells'
which adsorbed antigen fluoresce.?7n~“' AH |

n{w: .i Most of the recent inVestlgatlons on sltes of antibody5 
‘ aynthasas have ublllsea ablatlon teehalques, 1n.gi££g culture
bechnmques, the 'sandvxch' teehnlque or & combination of these
three. ‘ | | |

| “The llterature on the aubaeut of sztes of antibody

synthesls is vast. and the refareneea lar too numerous ror the

scope of this revigw;"The review deals with the‘magor:sztes of




Lﬁﬁﬁfgplayed a pa‘t 1& tha proauctlon of ant;body. Pf91rf¢r and Mar'iﬂv.“

if;coneentratton thun did Lhe serr

‘sf11Wb3fa ct ul (1950) demonatrated rciucod preoipihin production

'Lantibody svnthgéjs, mentiéhiﬁgfdﬁlyéké&éngéxgndés;;;5*“

LE e

- ﬁ.PJl] LN. n:_'iw.; .

arly extractio;_ *:stabliahad that tha splepn Aoaie

- f(1898) uhowed that sylaon contalned ag Autininn ln higher

fjof an lmmunised animal;"_ _
%imilar results VPre obtuined by Freunﬂ (19°7) and Toplev (1930). '5 ”{
| ) wplenﬂetemy waa obuerved to rpdvca antxbedy format1on
wgf.by Ta?zonz anﬂ Labani (189”). uimllﬂ? reaultq were obtalncd
t:by Deutsoh (1899) who ob erved that aggluthAn nroductlon against =

. oyphoid baeilll waa markedly roduced 1f the spleen were removedﬁvﬁ.

'i"after. but nou hefoia’ the Anaeeuiom of antigon. These results

'were Lonfirmed by Hektocn (1909) and’huakhardt and Becht (1911).

lijiﬁn ohnukenﬂ,aftarﬂsplencctomy, and Tal*nferro nnd Talxafarro j'l“'

*5;(]9)0) ObﬁaAHGd similar results in %&bbtta. Humana reapond

-bﬂdly to fo?ﬁipn-erythrocytps “ftﬁ3_épl°nectqmy, as do rnts ff"‘ﬁ‘”
'(Rowley. 1950&, b).'j'“ ' -

In vitro wu]buren of spluen{tiasue from 1mmunised,g

?VQHeneraiAy conflrmed, but Pnrker (1937) g




;L-'ﬂld aaﬁon»traha anblbmd; form&tlon iu vitra in spleen culturea
\{from rabbits 3mmuniaua w;th gulnoanpig erythroaytos or bacter1a.
;fFagraeus (19h8b) and’ Lhorbecke and heuning (1953) dmnonﬁtraued
;'anbmbody produnt&on xn spleens f‘am rabbits munised wath

af;ityphoid and paratyph01d bacxl&l.w~> | |

| Aakonaa and Whlh@ (1956) and Ankonas and uumphrey

‘ i~(19;8) demonstramed tne incorpurammon of G---lh Luhelle& anino

:;:zécids into antluovalbumln by spleen hiﬂsue ranavcd from aulneapplgs
‘:sénd‘fabbits prevzously immuniaed with avalbumin in mycobaoterial
1i;;adjuwant. hlng and Johnson (1963) detsetad nntlhody production
faftar aulture of uplean t;aaue ‘in both prlmary and becondary
Sbreqpanaas, and further showed uhat the capac:ty of the "plean
‘%o produce anb;bady could be branSLorred uaing ‘cell suspan&iona
-to x—xrradiatad rechlenms.;-thehaaon (l9b7) demonstvoted'.
L trana;ex of antxbo&y formatlon hy aplean cell auspenaions 1n
'ifyoung chxckena. | |
C van Purth (1966) hasg shown the 1ncorporabicn of ‘C-1h
:;1abelled enino acids iuto 1mmunoslmnu11ns of the IgG, IgA and IgM

elasses by human spleen tissue.

) L’il-iPH NODLS. -

* Hektoen (1)15) and Murphy (Lglh) noted Lhmn x~-irradiation
- of animala resultad in a depletlan of- lJmphoid txsaue “and o
‘reduced ability to~respond¢t0 the‘injegtien of antigen. Murphy

. and Sturm (1919) and Nakahara (1919) sliowed that dry heat




‘shﬁmulahad 1ymph01a érollfﬁa&t;on, un& Lhere ﬁas a cvncomiﬁént
1noreus@d antibody reapoune to: th& 1nacction of nntxgen,

' McMaater and Hudack (193)) demonsbratod quate clearly
the praducb on nf antibodj by lymph nudes. ﬁf&er inJectlon of.
-Aantlgen anto the ear o a mouaa, antxbody Wi deteated dn the
.Eregional noaes ear]ner and: irequautly in higher cencantration
than An Lhe serum, and earller than antmbady vns deteched 1n mnre

_di tant nades.i Inject;on of aach aar w;th a differenL antlgen ST

. ghowed tham thc xagional nodes Elrst pruduced antlbody agaznst

© %he antigen w;th wh¢ch Lhab aar waa injected. ln v1trc studiea
» of antibody productmon by lymph ncdes from 1mmunised rabblta f_!x75

showed lzbtl@ activiﬁy (De Garu & ﬁngevine, lQhS; Pugraeus, 19h8b)

: Thorbacke and Feunzn {2953) demenﬂtrated antzbodyﬂ
| fommatlon 1n vitro by iymyh noﬁas irom rdbb&ﬁa hyperlmmunised”

Nwatn p&w&typh01u baczllz. Harr;a an& uarrls (195%&, b) ahﬁwed
"Lhab antibody formatlﬁa could be bransferrad frnm 1mmuniseﬁ

_“donorm to aonwimmune reclplenta ua1ng 1ymph naae eell suapensiona‘i 3
Tnlu tf&nafer WaB: foun& %ﬁ be more efx&aient 1f the reciplents N

“wara flrat irradlaied. Aakanaa and Whlte (1956) and Aakonas, A

- Whi e and Wllklﬂﬁon (1365) demonstrabea the 1naorporation of

“ mlh iﬂbelled amzno ac¢da into ant1~avalbum1n by various 1ymph
E:uaﬁes from immunisea guineawngb.-
Studies on 1aolatad axngla aalls frcm 1ymph nodaﬂ have‘.’

'\Lproved ﬁffectlve in the detaction of antmbody production by

. dymph no&e cells, Nusﬁal (l)p)a, b) meaﬁured the 1mmabllisatlon e




_‘-.”,;,.eiva, o .:.:Lc, u:.J.mene J.a spmxes by s:mt?.le -)lymph x‘x’ii&é'fc'el:féw-
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'demon3urﬁtud Lhﬁ produotmon UP ag 1uhinins., The activity
'dotu i in bonL marrow waﬁ much 1035 than Lh&b of Bplebn from
' th@'ndmﬂ nnmmala.

LhOPbQPKF and Keun1ng (l)b%) SLudled DmuL marrov rrom

"ffvahhlhs g:vun mulbnplc 1ndﬁht10nm o€ pdﬁabyphaid vmocxne.~ Aﬁter

‘ 2l Hour pnrlnd of Lultur ) bene marsow from such unxman wag -
coﬁsmstonbly found to. huve produccd agglutxnlnq. buL to a Lesacr
fﬁgxuenu'tnan.Sp asn. 1fom "he same'unlmaL. These workur& could :
f‘dfi ot no anbzbody ?ormahmon in bon@ marvew from animals'givaﬁ
an&y;bne Lnaeutaon of antlgen.-rAukouas-aud Vhite (1956)'
%fdomondurabed tne hl@h contrlbubaan o» the bone marrou to ovurall
B ynbhuazg of ano;hody aitmr d sxn&xc 1naoctmen of ovalhumin 1n the
‘guzneampig.: Furhher, Lhese workera ahoweﬂ that botie marrow
xyyluyod an mmpeghont purt xn the, 3ynmhasl of nog—gpeclfzc
'rmgloﬁulang;;81mmlar rcaults-war&.6bservea'infrabhihsfgi§én a. .
gingle injection of alun~precipltated GValbumiﬁj(Aakonaa'&:
Humphvey, 1958). |
| T'anéfér‘of‘bone marrow tissua from iﬁmﬁne to nén;immuné,
1 i~irradiatad recipients, has further demonstrated ﬁhe~invc1vanent
u’_'-'o:i: bone maxrrow in z:mtibody sym.hasu. Hebgon, Porbter and Whitby
‘(1“‘9) demouqtruted antilhody Qroduatlon against bovine 1'«globu1in
using this. mnthod, aud Garver, Boxtbes and Cole (1959) obtuined

Amilex results ualng uryihrucyteu B uutiben.

. ﬂurtnn (I)GQ) &nvnstlgabmng the eelis rnsponazblu for -

.the prcduoh&on of 13M in humano, ?a;kud to d@bwob unJ anLihody




producing cells in bone marrow.

(1963) denonstrated production of antibody azainst bovine
Y~»=ggf!.c‘>bulin in cultures of rabbit spleen and lymph nodes after
.a single injection of sabigen, but no activity was detected in
boné nerrow culbures. Gengozian gt al (1961) and Friedman
(1961@) shoved that the bone marrov does not synthesige ant:ihody
in a pr:im'aw”vl{espbxiseﬂ but 'a'om.: 80 in o sacondary response,
Thése negative ob:sezrva.tio‘ns are contradicted by the .
ohservations of Askonas ond Wh:‘i‘i;g‘(]..f)fj(i) and Askonas, Whiﬁe'
and Wilkinson (1963) which show active synthesins of antibedy
against ovalbumin in the bone merrow of guinea-pigs after a
single injection of entigen. These workers, however, injected
the anbigen in mycobacterisl adjuvant, wvan Furth (1.966) has
demonstrated the incorperation of carbon-1h labelled amino
acids indo ﬁzxmunowlobulins of [gG, Igh and Igh pecifn.city
by nm*maii and puthologl r'a.';i bone marrow, cultured in vitro

from humains.

ANTIBODY FORMATION BY OTHER ORGANS.
The li.fef, :although Y promineﬁt organ in the reticulo~
endothelial system, seems to pley very little part in the
. synthesis of é.ni‘.ibody. Miller and Bsle ‘(1951&) showed that
' inolated; perf‘uaed ret liver would incorporate carbon-ll
1a.'bel3.cd ‘amino ac:t.ds into albumin, ﬁ-globul:m and fibrinogen, butj |

e that little la'belled T-globulin was produced. In contrast, if




:fgthe‘oviacaruteﬁicarcaae of the rat'were perfuaed, only v

-—globulin Waa produaad. Askonaa and Whlta (1956)

: glabcllad aminovﬁclds into antibody by liver cultured in vitrcnv..;;;i

R is!fThesa workers

ahowed thaﬁ, on a unlt wexght basia, lmver was only.

- ??lslightly amtlve in the synxhesla of antibe&y, and tham the

‘:f contributlon of liver to overall antibady synthesia waa,

»;therafure. extremely amall.

‘Lung and kidney have been ahown to syntheaiae antibody.A

: Bjorneboa and Gormsen (19h7) damonstratea the preaence of lﬂrgg TR

numbera of planma cella in the ratty tinsue of the kidney of

R rabbits arterﬁiepeated injectzon of antigen. Askonas and
| :Whlte (1956) and Aakonas and Humphrey (1958) demonstruted the 5?7:
'iincorporation of lahelled amino acids into antibody agaznst
fovalbumin and into non~specific -ynslobulin. by kidney and *“i°:i
?lung tissue from 1mmunlsed guinna-ngs and rahblta. van Furth _
'ﬁ(1966) detected synthesis or IgG and IgA, but not IgM, in tissue
: icultures or human lung. | |
‘,,A. It appears that the granuloma caueed by the injection .
:‘}or mycobacterzal adauvants may synthesiae antibody. - Askonas
‘fCand Humphrey (1958) studmed the granuloma in rabbits immunised
':Wlth ovalbumin, and showed that the granuloma mada the maaor |
[ﬂcontrlbutlon to antxboay production compared thh the spleen, x

-lymph nodea and bone marro!ihhxn:contrast Askonas and thte

ﬁ(l956) who 1nvestigated a. aimxlar system in gumneapplgs showed




:gﬁfwere syntheeiaed‘

ﬁifthﬂt tha conxribution ot the granulome to overell antibody

. f 5yutha51g wun very 1ov, althoughikmell amounts Qr specific entibody;f5 -

Smmilar inveeﬁigetlona by Askonas et al

¢1T3£(1065) xn tha guinﬂanpiﬁ produced the same result. It has

i}“‘ inaactl0n will(produce entibody_(Oakley, WarreokTL

Z“fbeen known for one: time, however, that the local slte of anti@enu

Batty. 195h)-?£;»-

'fggnormally produce ‘ntibody.

‘?;& Keun:ng,ﬁlgsa‘QAakonas & White, 1956).

Cultur ( expﬁl‘iMQnts

i l

; ihave uhevn that thymic tlasue'wall produce very amall quantltieﬂ -

:5§or 1’”Klohu1in (Aakonea &wWhth, 19563 Asofakv & Thorbﬂck“o l961)ﬁ?f,

_The’ organ does ot show proliferation .

f*;and van Furth (1966) has shown the syntheais or IPG by humaf" ER

: ?thymus tzssue in vxtro., If, hovever. antigen ia injected
i_directly into the thymus, then proliteratlon of plasma cells

f:and anti%ody fbrmetion occurs (Marﬂhﬂll & Whit91*196*) Thymua

'ﬂfjcella have been ghown by cell trensrer experiments to produce

l efgantibody (Stoner & Hale; 1955% Dleﬂ- We‘gle & noberts, 1957)

: It appeara then that the thymus does not nder normal

-3circumstances synthesise antibody, but that"the_cells of thiu

"i_organ are capable of antibody synthesin if antigenicelly

'?'gtimulutea. Marshall and White (1961) postulated that the

f;normalethvmus posseased a harrier which prevented the paseage -

S ,of antigens from the bloodstream, thus preventins;&nyﬁaﬂtigenic
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_iatiﬁglus_frpﬂAreaching the thymig'égllss “
Aﬁ can bé seen'ffam thiS-bfiéf review.'antibody‘ayﬁtheais

“can ogeur: in many different sites in the anxmal ‘body. For a

nore camprehenaive rev1ew of. the sltes of antibody synthesia see

' >.Wllaon and Miles (1961) aud Mcﬂaster (195?)."

-Cellular sites of qynthe51s of 198 and 18 immunoglobulina.‘

The gream majorxty of the wnrk described above has
been’ eoncerned with the total antlbody synthasls by any- given
'"\1ympho;a Organ, and: Tew 1nveqtigaxions huve been,magg on the
' félatiya iﬁpof@#nce of daifferent ;ymppoidvérgans-in tﬁ§ dYﬁfhesis
| ~6f'different classes of immuuégiopulin'autiboay.“7Qﬁaiitati§¢
=résﬁlﬂa-fréﬁ'invesfiéations usihg the radionimmﬁnﬁélédtrophoreaid/v
tissue culture teohnique of Hochwald, Tharbecke and Asofaky (1961)
,'have shown that the major lympho:d orgens of the ‘body are able ,'
'to synthesise immunoglobullns of - all classes (Asofuky & Thorbeeke.
fﬂlQGl; Thorbeoke, Hoehwald, Asofsky & Jacobson. l)6h; van Furth,
-1966). Thesa results provide no infonmabion on the quantitative
produation of antibodies by auah tissues,
Askonas et al (1965) 1nvest1gated the relative |
l impoxtance of - gulneaapig lymphoid tissues in the production of
| 78;71_ &ncl TSTQ imnmnoglobulm antiboda.es after 1njection of
ovalbumln in myeobanterlal aﬂjuvant.l It ves found that no

| particular tiaaue synthesised {STQ or 7311 antibody excluaively.




”“”J!fThese workers dmd show“that an; lymph01d tlaﬂue Btudlad in v1trolﬁf 5'

-by auch organa. Anot‘e approach~to the” roblem hasﬁbeenlthe ;

Miﬂﬂnd ven der ullkke (1950) lmm“nlsedxrabbits wlth whOl

',fiparatyph01d hacllll, and cultured whlte and red‘pulp of 131)1639.-1:155'E '

in: v:rbro. Ant:l.body formatz.on was detectod :m the red pulp, and .

~ A

-correlated wlth the presence of large numbers of 1mmature and f&if

) maxure plasna cells.

] "&ha?development of the fluorescent antlbody 'sandw1ch‘3‘>5f3¢

' mi"technlqne (ooons, Lednc & Connolly, 19)5) maﬁe the 1dentif1cat10n

.

cells,an easy matter. %ectlons ofvtlssu

'-"ﬁfuof antlbody produ01ng




'fzom 1mmunlaed anlmalm are flr“t tfeated;witl'a qolutian ”f]the

cells w113 fluoreac' }!fl{”‘vhls technmque,'Coons ct ulQ(ngS)

L vere able to detect antlbody formang cells 1n thc lymph nodesifﬂ

and spleen or hyperlmmunlsed rabblts. Whlte (1958) ahowed

- that two separaﬁe papulvtmonw of plasma“ccllu exmst in the ?&75T5i7'ﬁ'Jm

lymph nodes of rabblts” ‘taneous 1n3ect10n of

. ovalbumwn and dipubherma toxold onevproduclng antlbody agulnstéﬁi’

4 ovalbumln, the other ugalnst'dlphtheria tox01d. ;{vi

Muny other workers h’ve demongtrated.tli presenee oi

antabody in mature and 1mmature_plasmu cellsi(Nossal,;

ﬁlhlte, 19613 Hulliger & oom.m, 1963;°c.hoenbereet al, 196))

VHowever. these obuervatlons

luﬁen made when‘the p,edomlnantji;

 ﬁ'circu1ax1n5 antibody is of the 7 jimmunoglobulantype, and”
presumably also the antlbody synthesmsed by the cells detected.}j T
This technlque, however, detecbs only the preaence of antibody,lx*i

:*and glves no" 1nformat10n on the 1mmunoglobu11n type of such

‘vantlbody.

Wlth the development of tnderstandlng of'the’antigeni

';.structure of bhe 1mmunoglobulin'molecule.,;ﬁ$b@came ppss;blq<to




Usinglduch'antlaura, cOnJuﬁatcd W1th fluoresceln,

\of immunoglobul;n.

1n laxge onocytoid'culls ln thn bono marrow of p&tlmnts
| milar result& have been

i

t: (hrltaman et al 1961)«» 5

éufféfmng Lroﬁ“ﬂgérqglﬁbullna

reported 1n macrogiobullnaemlc p&tlen
and 1n patlenﬁs auffeflng xrom rheuma£01d arthrltls (Mellors

uynthe$lﬂﬁ0f 19b 1mmunoglobulmﬂs has bnen

,:‘ﬁ_"'et. al, 1959). ,
"ehown Lo occur 1n'large mononuclear Lellb 1n humanﬂ unablo to
byﬂth@51be 79 immunoglohullns; and hav;ng no detactsblc plasma

cells (Lruchauu at al, 196 ), These obsorvauiona haWe been

made on patlenbs w1th dlsease known to 1nvolve the ;mmuno—

globulxns 1n one way or unobher, and maf boar no relatlon t

Lhe normal procesaes OL the boﬂy.
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| choenherh‘et al (396 ) havavsuudaéd ewﬁeﬁsSVLiy
 f;bhu celiular sourée of 19u ana 7 '1mmunogjo£ul¢nr proéuccd by
.4uh0 rabblt 1n response ta vnilgpn 1naecbion. Theee vorkor‘
Lff;cOﬂBlBtGﬁtJV deteeted { 1mmunog]obu11na in. the pla ma colls of

-

% ﬂuhe non-foll1cu1ar un1te pulw of le@ﬁlc tis uues. In conbraqu,

“M‘Lhe oniy oells found to show fluornsence uu;np 8 ﬂpo 1fic H”' ‘L

‘:WHntmmrahb1L 198 immunoglobulnn ver@ pred@ﬂt 1n uhﬂ Vﬂllw 0¢];~A

: »the wlnu901ds af the red pulp oU the spleon.' Th@BL;QQlJG nor

..... L 1.‘:__ )

‘nonuphaEOthlc mononuclenr ceWJm. In rubb;ts vhmch pvoauced

A

f{fonly 108 untmbaay, thls type of ce]l was the only ane to show

:*Erluorescenc@ us¢ng Lh@ anndvmch Lechnsquu, whereas 1n an&mals

'whlch produoea hoth l9o und 7 ant:body, bcth tyyes of cull
.:iWGr& shown bo fluove90e. Anmlbody of thc 19& type appaared

”Lgflrst ln 1he alrculatjon nd mcnonucl@ar Chlls were fzrst to show

‘;fluorQSQence; The uppeurance of fluarcmaeut plubma cele N

ed behmnd thnt of fluorescent mononucluar calld, as dld

v

‘ ,'Lhe appenrunce QF Llrculamnnb anbnbody of . thp Tm type

: TL haa beon qugycabed thdt thoee mononuc]ear ccll& are

e recursors of )lasma eellb vhlch 1roce9d ﬂu Lher mature from L
_P 1 s y .

et

‘iix‘Lhe synth661s of lGS 1mmunoblobu11n to the synthasms Gf 7““‘

',:lemunoglobulxn (Nossal @t al, lGSh) Howevor, NOSbal (196h)

~'”'nd Cruehaud (1962) have shown contlnued qynthen;s of 19°

%‘mmmunoylobulln 1n“such cells in szngle oell Qtudxes on tlssueu

fﬁvirom humana_andilmmunlﬁed anlmals.‘ It is pogsible thui &’ eell

noy chznﬁe ovor'from the synihasls of“a polymerlc form of the




: 15 requxred beiore thls btatement can be ma&a thh certalnty..

]

”he nltuatlon 15 further'coniubed by numerous reports

ﬁ?_f spe L 198 11uorescence 1n plasma cella.‘ Kunkel {1960) and .?":""

$e1¢gmann (1960) both report 1'ht‘a‘p:wesent::c:!'oi‘ IgM 1n plaama cells,x*?*

gBurt;n (1960) wos. un&ble,tovu

1n human iymph ﬁodes, upLeen'ana bone marrow.

“g1¢£L Bhauld“be'p0531ble Lo correlat'“the act1v1ty of

any organ 1n the synthe81s of 19 1mmunoglobu11n wzth the number

cf l)b contulnln& calls'whlah Lhaﬁforgan contalns. ouch a

tudy_las,not yet been“iully_axtempted. Burther, 1f the_‘

hypothe81s of Uhr and rlnkelsteln (1963b) and ochoenberg et al‘

T (196,;) holcls goo!, Lha’c the-19s roduc.m{, cell does’“not d:.v:.de

Ler(antlgenlc ‘tlmulaxlon,usuch a ‘approach t" the-problem

would noﬁ;ftlpart1cularﬁ
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Tho prouuct;en of &nblbody noeBSﬁztames Lhe presenco

WLLth a acTJ, of a rctaln factor 2 ' uch & cellulur Tactory

. can be recognlugd by Lhe presenc@ of‘un Qrgvnlsoé cndoPl&&ulc_,:
retlculum wzﬁh manv aq'001ahed rxbosmﬁe 3 - a prmulnenb Golr

‘ eppdrabus ane e promvnent nv l@mlug vmtth Lhc nuclous. The

an“Btlb&LlOﬂ% oP Fa& a&us‘(l9h8b) usln& normal hlSuoloplcsl

sbalnq shov&d Lh& _1mmabure and ma&ura plasma cells have 2

l rge wmou "of;cytoplaamlc‘ ibonuclelc nelda ‘ lcauron

mlcvoscoplc utudmeﬁ on planma cclls hWVe ﬁhown Lho pr@gence

Cor the nccesbary apparatus for proteln synthestﬂ 1n such LellB.

(H&rrl& Hummeler & Hdrr{“‘ 1966) Tho 1ack or Lhese 1nnraccllular
» By

orgunel]c is onn of Lhc mown arpumonLﬁ &galn&L Lhe 1nvolvenent

oi 1Jmphocytbs 1n ha actlve'synLhosts OL autlbody. No puru]lel

studﬂeu have yw' heen reported on hhu mononuelear cells whxch

many workerﬁ have mhown Lo eoanmn 195 1mmunoglobulmn.'

Althon&h bonh Lhe cellular &nd mr&un PltO“ of svnth051s

of anulbodmgs of Lhu 8. typn ara, at pwesent falrlv well

. undorstood, ﬂur hnowledbolof hhe B1Les or lOS antlbodv syntheslqvil

» Mvehiwork v»ma;ns G0, bg done 1n thls .







Preparab Lon of mc,at exbrach (nutrmm.) brot.h and

o ',.‘Ehese medla 'm,re pre:pax*ea :E’ 'Om a; bu.sa.c

b oth as descrlbed bclow.

Ox—heurt_ 1nfu51on-broth R

M:an ed 'ox-heart ‘.1( i‘at-frew )

epbone l(b 'D II.I)

dlum c.hlor:.de




- 05_?'5'11@?'1'%f'izx\i}”—sfm'ipx -
f?Oxold aéar mo.}g,;;;\
fDl&leled U&Ler

lltre oxthﬂr 1nfumlon broth, &s ﬁescrabea above, vam madc

-'up to 2 Jltres.w1th dlatllleu wauer., Oxoid ag&r no. 3 was -

udacd ta a fznul concenoratzon of J.ap (32 b/iztra), ‘and the»*"i

mlytur autocl&veﬁ at i) p.::l

'lﬂ

' umixture wab'then fllLered through celluloae waﬂdlng, and the

-pﬂ addusted Lo ( 6 10 ml lﬁ F,m.b.a. verc then added the ngar

- dds trlbutedj- tlew and s»or 1 ; cd by autoelnvmnp

at 5 p.a &.;r3

' Teut. ”hms Uﬂu prcpdred&

b g 0&01& no. j anar per

‘ Prvpaxnmlon 01 peptone watew for nse in uhu ureparaLlon mf

| 5eoilph%e ‘x L"(h.




'f'The constltuenta were mlxed and dlaaolved by stenmlng for 20

;fminutes. The pH was then adjusted to 8 2, and steam1ng cont1nued

Ax,,

rﬁfor a further O mznutes., The Bolutlon.wnu then fxltered, and

'the pH adsusted to 7 6. Th13 medxum was 3terllxﬁea by autoclaving “'

“{dat 5 p.s.l. for 30 mlnutes.

"‘floﬁ horse blood agar

107 blood agar plates were prepared by the aseptlc

- addltlon of l ml . ster;le cltrated horse blood to 9 ml molten, 7ff~

4“anutr1ent agar, the whole mxxture being poured 1nto a Petrl dlsh.if;

.........

" 'Medium for tlssue culture - Eagle 5 medlum. ;:
Dagle 8 med1um waa prepared from 3 stock solutlonsxﬁtw

\.;,prepared ‘a8 descr;bed belowsjﬁéﬂnﬁe

i_f:Solutlon 1 N

) ‘II‘Cl SRR 0-.11L E‘;m f L-glu‘bmnine : 0o2gm i
'vCa.Ctl2 a;;;ffu,jg? ﬂ;fp;2:;gm . Cristamycln - R
'-"-:'-""'Mgs"u-?ﬂ S 02 gm -L,.v;;v:rAnt,,lrnxcotlc\ L 0w mL

“ ha, upoh.an 0 o :"":_fo J.h ‘gm. | Phemol red s mlo

ﬂ;nextroge 51,%‘7*féfih 5 gm "?3 (lA solutlon)

t‘9e+ - antlmycotzc - O 015 n—butyl—p—hydroxy benzoame

:Dlssoxve each 1ngred1ent 1n_water, and make up{to one litre Vlth:f"




@iatilled vater. Then'sdd 2,75 gn NalCO..

Solwtmon 2

g

L~arg:nina mono hydrochlovideif'-”OQME,‘

B +Cyst1ne

| ;'H1stid1ne monohydrochlorlde } 04192

‘:iIsoleucine - ~1‘~5fv‘ T 052k

"{Ly31ne monohydrochlornde =f:» : 0;73

 -Pheny1alan1ne ‘ififfff”'“};“ ;' ::O;33

'13Eﬁ; ;Threonmne 1f,;!ltffflf1;  _A L thTé

B 2% ® 988 OBIoES

?‘WﬂgﬁMethionina f”'i“j%¢*§“f'ﬂ_ 3 v:‘leﬁTﬁgm‘i:f57éﬁl' 

” “f;:Inps1to1 i vh:”fiﬁ;? y;fﬁé@'i O 035 gm |

:3’ + - dlnsolve in the smallest volume H NaOH (0 1—0 3 ml)

:fHeat stermle distllle:iwater to 5600, add the am1n0~ac1ds, R

*f;*fdlﬁsolve and store at*~20 0. ,,g;‘"~ '

& . Choline ehloride . . . 0.05 gn.
1o poid 0,05 ‘gn

lecotanamxde %fﬁf;V  0405 gm -

*”‘?fPantothenl"facid’xbl'7 i_thﬂ,v 0.05 . QQ ;




Pyrldoxal hydrochloride if’x5} O;d5§’éﬁ5L:AH ‘C’“.

mboflavm G e 0,005 g

Thlamlne hydrochlorlde '._figlp;bﬁﬁjéﬁ'f: f?ﬂ

"Dlsaolve in dlstllled water, &nd make to a fln&l volume of

100 ml. Store at —20 C.

"IPreParatlon' fﬁEﬁglefBQmédlﬁﬁ‘f \ stock solutlons.w”

The three aolutlons}

,.‘0 and 3 wereimad' u flnally SR

’lﬁfin the followinp proPOrtlons:ijﬂw”'j

‘iax h C durlng sterillty tests beiore use.
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_‘Buoterlanhaﬂc QKlTh

3'The oxlbanal bquQnﬁlOH of coltphnge ¢Yl{h and 1ts n

_hosb organl m E, c031 struln C vere kindly supplled by Dr. Je

‘”'D, Tlttb, Inatitute of" vxrmlawy, Unﬁver by of Glaspow.

Meintenaned of B, eoli strain C-

The organism was maintained throughout the series of
experinents by fortnisltly subculture on mutrient agar {(Oxoid).

slopes in Universsal dbntainers,"Subcultures were kept. at room-

»temperature.' Cultures used fdr experimental. purpbbés were '

'cheched Tor: pur?ty hefora use by plating on nutrient agar

plates, and slngle colonles used to inoculate cultures for

test purposes.

Tatrat:on of coliphage @XLTh

—— - -

Lollphage ¢X17h was tlbraued using the ager layer -
technique of1Herahey’(vzde Adams,.lQS)).‘ Tenfold dllutiona,f.af'x
of the bacter&ophage stock ranglng from 10 -1 to 10” -2 were
made in'0.15 M Bgllne. 0‘; ml of. each bacterlophage dllutlon

was addéﬁnto 2 ml of a b hour culture of E,*coli str ¢ in

‘nutrlent broth, and mixed thoroughly, OIS‘ml-of’this
'fbacterlophageuhost cell mlxture were then added to each of- three

,tubes contalning approximately 4 ml melted O. 6p nutrlent agar
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Hp?@quoquﬁ‘The raa bachground produced is due to precipltatlon »
l‘:Of tetrazo1rum.un a red, in&oluhle compound by v;ahle . colx*'

?ffve1lg ”'Tlie 5:"'roduct1on reactlone '

Prqparatlon of atock suspensmons of coliphage . @ 1Th.“
CoTJphage ¢\17h vas prepared by the agnr layer

"jtcchnlque (Adems, 19)9) baoterlophage, in sufflclent concentratlon
.ffto lee bqrely ooanuoﬂt ly@wm, ig- added ta a- h hour culture of

'L. eoli str C in nuurlent broth. Aliquots of bhms mlxture §
Wf;iéare added to moﬂten sloppy agar at 50°¢ and mixad thorouphly.
”:;{Thls m:xuura is bhen poured ovcr the surface ef}a prepnred anar

:giplaoe, allOWUu Lo set and the plat@ xncubatea for lh~38 hours;A

f”To dutermlne the concentratlon of bacterzophage nocessary to

,:give confluenb lybls. the auspenmion of bacterlophage S8 f¢rst'

5§ tibvated by the method plven ahove.
e uff*l emen‘b co_] J.pha.ge ﬁ}{l?l& to cause confluent 1;9’85.8 .

j?iwan_addad bo 30 ml of a. h hour cu1ture of T. c011 str C f?

1n:nutrienb bro*h, rnvn ut 37 Gu, L ml allquots of thts

:ﬁ bacterlcphape-bacterlum mlxture were added. to approxlmaxely h ml

‘ifo b nutrdent aear, an& the whole mtxture pourpd over. tho

'ﬁ?l’jjﬁﬁ of prepured nutrlent agar plates. Aftar tha sloppyJ.

twagaf layer haﬂ sot the platea were 1ncubated for lhwl& hours.

BN After 1ncubation, the plutus were inspeoted, and amy
'*i;show£ng more than faint traces oi bacterial growth were dlacarded.ﬁ

f“f; ﬁ{The remalnlng plates were qulckly frozen 1n a -70 C deep freeze.~
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'then alloved to thav at 37°C. Any fluid extrudbd from the
“thowed plateu Was collectud, cenirmfuped al 6000 rsPems for
; 20 mlnubes to remove ﬁebrla, and atored at 5°¢. The upper
loyer of Bloppy agar was . scraped off the surface of the thaved
plates, und zently shaken in. its own velume of peptonelwater
for 50 minutes, This‘agdt'suspension wes. then centrifuged at -
6000 r.p.ame to réenove ag&&Jéﬁd bﬁéberiﬂl debrié,'andﬁthe
| apﬁern&banﬁ;eéféﬁﬁlly withdrewm. ?mhevsupernaﬁént énd’thg‘
fluid eoliééted?from the pl&tés after thawing were pooled.

| This orude suspanuzon of baatorlophagu was brought
to hoz saturatlon with 1ce~con soturated ommonium sulphate
aa@lﬁtion;/gnd$allowed to gtand at 4°C overnight. On"standing,
'a'p;eci£i£ameiformed which was harvested by centrifugation

:ab 9000 r¢p.m. for hs minutes., The supernstant was disbardeﬂ,

: »and the preclp¢tame reauspendeﬁ in a small volume (5-10 ml)

of Trig - MDTA buffer, Pl 8.2, This suapenslon was allowed
1to=stan¢ a5 4% for: 12 houré'énd was then centrlfuged at 6000
lr.p;m,-td remove. any rémaining debris. The suparnatant'ﬁas,
collected, ond furﬁher centrifuged hO;OQO TePete for S"hoﬁré.
Centr%fugwbign“at this speed sediments the bact@riophage.aq a
darﬁ bfoﬁn pellet'in the base of the eentrifuge tube. The
supernatant was diécarded, and tﬁe pellets of'bactgriophage
suspended in hnﬁ_mi~of Tris « EDTA buffer, pH 842 Qnd:stored
at hOC..

Thia mébhod consistently yie?de& hacﬁerioﬁﬁgge

12 13

suspenslons w1th a tltre in the reglon of 10 to 10
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~‘plaque forming units per mii -

: ;_M'Preparatlon of adauvant mlxtures und 1mmunis&t10n procedures.

o Gollphage ¢Xl?h prepared ag descrlbed above, vas

g0

Buspended in sel1ne at a concentretlon of 2 x 10 plaque'forming

-unlts (PFU) per ml. Thls'suepenslon was 1ncorporated in -a

ﬁ¥;3water-1n-01l emuls1on mede up in the fOllOWlng pr0portzons:

A%sallne suspenslon of phage, 1 part. Arlacel-A (mannxde nonO=-

ﬂoffoleata, Atlas Powﬁer Co., Delaware, U B A.) 1 part:‘.Bayol 55

:,?_(a paraffin 011, Bsso Petroleum Co., Essex) 3 Parts. Thie mixture
fiwaa emulsmf1ed 1nto a° white opaque v1scous fluid by v1gorous
) shak1ng followed by further m1x1ng using a syrlnge and & no, 1
-g'hypodermlc needle. e R

- The second'type of adguvant mlxture used was prepared

‘1;exact1y as above, w1th the add1t10n of 0e2 mg heat-kllled

.ZM. tuberculosis str c per animal to be 1njected. _All animals

'ﬁlnjected w1th adjuvent mlxtures recelved a total 1n3ect10n of

} volume of 0. 5 L.’ A

\ Three groups of gulnea—piga were 1mmunlsed as follows:

f‘Group“is Ingeeted 1nto the left hind footpad with 2 X lO9 PFU

L collphage ¢X17k in. 0 5 ml water~1n—o1l emulslon'

',thh added mycobacterla._; _ B
9.

,1croup7g£{ InJected as’ dbove w1th 2'x 10 Pﬁuiof’éoiiphage PXLTY

y"f-'73_‘in water-ln-01l emulsion (1ack1ng Mycobacterla).




.“"*§‘7'Ingected wtth 2 * 10?

”“i'ﬁﬁsaline. Half of the anlmals studied in thxa group

PPU o£ eollphage ¢X17h, 1n

5ﬂiwere inaected subcutaneously 1n bhe 1eft hind foot’

pad,’”“'l‘he other he.lf were mnject@d intravenoualy b"'

Collection of ﬂulnea~plg sera.aj;ff;

a)

ffy the rlb caye, and the r1b cage carefully removed. The heart

, b)

waa thus;exposed and excised over a Petr1 dlsh and the blood~¢1u

- collected. Up to 20 ml of blood could‘b*’collected 1n thls

. Gulnea*plg sera vere obtamned by one of two methods.}?f.~w”“”“
Anzmals were killed on the Bth or- let day after injectlon gﬁ'f'“
Of antmgen, uslng a chloroform/alr mlxture._ When 8 heart

beat was no longer discernible, the skln was cut away from

W&}' .

In experlments_lnvolving two bleedlngs ox the one anlmal

the first bleedlng wna made“by cardlac puneture. :The animal:

R was anaesthetised with Rcmbutal (Pentobarbmtone Bodium) hO mgﬁfrﬁf

- ‘.'.\e

Lo u51np a sterile 2 ml syrlnee and &’ no, l neﬂdleﬂl

per kg body welght, 1n3ected intraperitoneally

‘Tff anaeathetlc took 00—30 mlnutes to take}effect. fThe anlmal

was then 1a1d on its back, and blood drawn from the heart

The needle

was 1naerted at & narrow angle through the rib cage untzl the ;5‘{-

beatlng of the heart could b ;felt._ The plunper of the ,'“

syringe was then gently withdramn untll ml of blood had beenﬂjezh







93

iThe‘bacterlqphape neutrallaation teét.

| ‘ Antlbody actzvlty avainst collphage ¢Xi?h was ass&yed
“'by & phage neutrallsetnon test based on that descrlbed by Uhr

'.and Pmnkelsteln (1963), A mlxture of bactev1ophage and pulneanplg‘
 2Hant1-phage sarum ‘was allowed to react at 37 C and samples of the“

f«nlxture, taken nt dlfferent tames, tntrat@a for 1nfect1ve phago.

"',!1Due 0 the l&rge size of the plaques formed by collphage ¢X17h -the

ivmaxlmum number of plaques that can be countcd on a normal Petrl
\'dlﬁh 15 about . ?OO ‘and the coliphsga was tharefore appropriatelj
_1;dlluted befarc usa.‘i ' o _ ) |
B The approprlate dllution of coliphage ¢X17h vas f:"
preparea an& 1ncubated ax 37 C for 30 minutes. Then O 1l ml 
:Tof thlB phage dllutzon vas added to 0. 9 ml of the test serum or
_1serum dllutlon which had also been ' pre—ancubaxed at 37 Cy 0 1 ml*4
samples of thls phagenantlserun nixture wera withdrawn at glven
'«,time 1ntervals up to 30 mlnutes, and the sample 1mmed1ately -
' {idlluted ln 9 9 ml 1neacold nuhrient brth to nbop the antlgén
*{antmbody reacﬁlon.“ 0. 5 ml almquats of thig d%lubnan were then

'tffndded to 2 ml of @ h hour culbure af B, coli str nnd assayed

';¥£or haeteriopha@e as uescribcd on page -

It is not posslblc tc obtaln a sample for tlme O in-

. thls Jystem.. The Longentrablon of: b&cberlophug@ preaent at

‘-tme 0 was estima.ted by subatltutmg 0.9 ml norma,l gumea—-plg

, aerum for tha test sa"um.~ Thla alﬂo acted as a control for the

f.effeet of normal gulnea—plg serum on th@ bucter1ophage.




ol

f’CalculaLlon of mutnoa»pig 3@rum antmph¢ge antlbodx_levels.v
The neutrallsation of- bacterzophage by bpeciflc
nffantlbody follows firat order kinatic EY: exprenagd by the

{equamlon shoun in: Ing. 6. Use'of‘phage neutralisatton test,

3. gthereforo, glVPG rzse to results 9xpreased as 1nuct1vatlon

' “fiieonstants (k) Whlﬁ k value, whtle en indirect measure of

'fthe ant:body preacnt, 13 charactevnstiu for any given serunm,

:'ana 311 aerumaanblhqdy levels are given &B-E valnesa

:Treubment cx gulnoa-plp rmra w1th ~mercaptoethanal.

Treatment oxAguinenwplg sera with aqmeréaptoephanol
\:Qas Earried out a8 follows. One part of “M‘Paméroaptoéthanol,'
f,waa &dded to 19 part of servn to give e final concenbratlon
'i;Qf-afmgrcaptoethapol:of C.1Ms The mixbure of serum'and :
:aﬁﬁefceéﬁqefﬁénéifﬁaslthen incubsted at- 37°C overnight, and

- then dialysed against 0,024 iodoscetanide in phosphate buffered

‘t“fnﬁﬁiiﬁé, pH“7.2; overnight. After dlalysis, bacteriophagé

f;neutralxnatﬁon testa weére carried out on the tr@eted serun ,

»

.fg;th Lmllarly treated sexs Lron nmnnimmuna &n;mals as controls,

”‘Pr&ctlonation of puinouuplg BOXDe

Lo Diethyl aming. ethvl coJLulouo Phlomatography

Fast (Yi) ¢nd slow (X°) globulin fruct;ons of guinea-pig
;.seru vexu 3Lpu;uted on DEAT cellulose (Whatman DL)O) as described

‘\:3by thte et al (1963) Sep&rwtlganas atbalneﬂ uslng 8




e,

--'-:-"C'alculé;t; ion of:

k values are

where - D .

t =
N
.:.,7 o ) ™

.
1

D e | 0By

Cdilution of serum
“pime dn minubas T
phege -assay abobine O

.. phage assay

-

n,
N.

o

ab bime b

1

of minutes’




at@pﬂl g @]utLOR bechu:que. S **“;°"

~prm..esa wus

‘““il,; lltram

‘-ffjfﬁﬂdeﬂ to the

“:“;0 OlM phosphubﬁ;

aerum volume.

\Npsehecb Aﬁentlty and pur1ty.~;A;,*’

';,}_h.; &{?DFAE nero uﬁded bo SO ml 0, OlM phoaphate huffer.

pn 7.). anﬁ Lha DLA allowed o satble. The Bupernatant was

“curefully pourud D % pemovemthe fmneat'partlcﬂeq. Thi“'{

[P

: poated szce The slurry was ‘then poured to

°orm a eolumn and tha column equilibrabad by nasaing throuah 1%

of'O OLM yhosphat» buf?cr Qvernlght. =

:?aquiilbratlon ot the aolumn, 3 ml of gulnea»plg
,ﬂﬁﬁlnﬁt tha samg buffer for lG ncurs, es

column.' The slow ( rraebman was eluted usmng“

buifcr§ pn T.), the' rast f fractmon usmnw O M-

. ﬁfbuffer and a crude 19u xractmon using O 15N burfer.

o Thlv methoa yaelded a vﬁry pure- (bxa fractlon, but the

’-7931 fr&ctmonbwab alwuya contmmlnamed by 7”32 The erude 195

‘fraeblon ubtaaned shoved m@ny other ‘gserun protelns.

Protein eancentratuons @f tha eolumn eluate uere

2“autim&b@d ax A wavelength of ?80 mu, using ., Unlcam apectrophoto-

“ffmeter. Protezn peaks werﬁ concentrabe& by dldlyuis apa1nat

f?poiy@tbylana giycol (Carbowax OM, ““T Gurr) bo the orlglnal

fnmnunoelecurophcretle an&lyﬁla 03 the fracthns

ﬂwms carrxed oub mgainst r&bbmt anﬁxu&ulneanplg glcbulln, to»??

Dbgphadax GmEOO chromatograpgz

Suphade G~200 Waa usua to Boparate the 198 and TS

- 1mmuncglobu11 Afractluns of gu;ne&»ng &er&.a y




ﬂAfaiurry of h’pm Sephadex (=200 in 0.15M NMaCl was

'prepared and aJ]owod to ptand Tor 36wh8 hours. The slurry was
A"ithen poured to rovm o column of agpproximate dlmen

fﬁlOO J cm. , m] of gunnca-pl servm ves than added to the

.f-'
A

-qﬂcolumn, and.- etuted vs;n 0-35M HaCl.. Fracblans ware collected

ei ng & Beeumnris f*aotion coJlectorv una proL01n oontent

~'estims;teﬁ as'ab0ve. 'ontonn peakq vere poclad and coneentrated.

Practlons thua obtained were chevkeﬂ by 1mmunoelectrophoreqlse

Flut:on from Sephadex usuall; took from 6-8 hours 3, and

o Wﬁs generally carrled out overnlght.

_JThe corneel test for delqyedntyné hyperuenslt1v1ty.

The corneaJ teat was used o8 o measure. of delayedmtype

“hvperaenalbiv1ty and Wwas curried out on the. 39th day after

'"immunlsation..'.‘

drops of 2% cocalnp hydrochlorid@ werc 1nst111ed

1nto each eye of the gulneamplg to deaden the ncrves, and the

anlmal left for b~h minut@a.' A Buspenblon of. collphage ¢X17h

fwas?lnaecteafeqntalnlng 1010 PTG waq 1naccted into. the cornea

11

56f the left eye, and“l0« PFUﬁpervml.lnto the right eye, using
v a size 30 needlu (Imperlal standerd wire gauge) on a tuberculin

’%yringo. ‘The tgsts woro exa31ncd 2k and 48 hours later.

Corneal reactions were snored a8 follau
0 .3 _no-change other than a small area -of opacity

ahout the. site of injection.




L i slightly indrbaséd'bmaéiﬁyfﬁxt&ndiﬁégbéyahﬁ}ﬁ'*

‘ ¥

he site of Je&tlon._"

R

LEﬂ*JV'a%eutwr evaambg Laverinm a ;arbv urma of the

,’”uorne ‘. e 1;,5;?

"3V'i"'aons¢darablo thickunanﬁ aud grey npacity nr

; [thﬁ wholm 0xtent uf tha amrnﬁ&.;usuullvf“’{

-,uneompanmmd by bﬂ&ﬂﬂﬁ&ﬂ.
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‘j-a) Preyaratxan 0 thﬁ eleatrqphwrealu plaue

ﬁ rectangular aluh wag pluc&d on.the bench 1n a suzt&hle

k- 1te whmah vu& marhea. Inba th ciﬁh wna pmur _"ough )n ngar

’ wfwhleu was allovau to aab 1n nlLu. ?hw uurfacu Qf'thmn hard ugur

'flwuu uubudquunilf usoa aa u flut suriuuv for the pourlng of‘:
% ugar plutaa, providcd that tha sane area Qf banch waa alwayn
llyuuded. oA claan shecb uf glaa@ ( O x 10 cm) wns lxghtly aillconed
‘ on uhaluppur auriacu, and exccna qlllconn wanhad cff with tap
;zwatar ¥:whu ahaat Was urleﬁ anﬁ placed on thu wurface cf thc
‘ % apar‘mn hc‘aaahp &wo leter puper wicks ( #{Q cm) Viere cutw .
‘ frum Whamm&ﬁfno. Swpuper plnead aralloi tu‘thé ;gyg«&@geg‘qf-“
Lha bl&ﬂﬂ plat ‘80 Lhut Lhny mvwrlag iL hy 1 cm,'aﬁdiciiﬁﬁkd‘inf
B Fiautfopherua:a mc&lum:}E’l‘ h

~ilﬂghﬁurh1tone;buxfer 0 osm, pH 8 hs‘

ﬁ. bmvium barh;tune :y‘ 10.“ ﬁm )
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berﬁitoee;?h’i;ﬁigfj 1e 8h Gm

: dletllled water to l lmtre

2 Ionegar ‘ . e |
Ionagar no. 2 (Oxeld) 8 0 gm |

merth1olete O l ml

barbltone 5uffer to 1 litre :

Thle egar was atored in approxlmetely 100 ml amountg,f;-u

r'One bottle of Ionegar prepared as: above was melted and poured

"over the bless plete to gzve ‘an egar layer of thlckness 1—2 mm.'

;xThe 8gar was ellowed to eet 1n 51tu end transferred to the

»;'refrxgerator for use the follow1ng day.

b‘ Plectrophoresls

The prepared plete was cut w1th 1ts wieks, from the

"»ﬁﬁegar. Troughs end wells were cut ueing a no. l cork borer,‘

"‘a ruler and a acalpel. The well h&s a dlameter of O h cm. It

jfwas separated fram the trouphe on elther Blde by 0 h cm of egar.

,?Bach trough was O.h on w1de. The plate;wesveut u31ngee_templete

'i{drawn on graph papero-q? h

The agar pl&te wea then plaeed over the central

'f;(compartment of a Shanden electrophore51e tenk, and the fllter

”fpaper W1cks immersed in’ 0.0SM barbitone buffer 1n the electrode

f“cempertments on elther szde. Gulnea-pig sere were then placed

?fin the wells, and & smell amount op bromophenol blue added te

2 of the 8CTBe - Thlﬂ aiteches ETATAE to the eerum albumln end

‘forms & marker for the proeress of proteln seperatlon. ;A*Qw;f'




constant voltage of 150~200 volts waa then applled to the plate.»: 
When the blue spot reached the edge of the plate, the current

was switehed off. and the troughs filled with the apprOprlate
ant:sera. At thms atage, the fllter paper wzcks were cut

away. The plate was left 1n a damp chamber for. hB hours and
examlned for preclpitln llnes. The plame waa then immersed

- dn O  L5M sallne for 2k hours, and washed 1n runnlng tap water

for 36~18 honrs.

- e) Stalnlng of electrophore51s plates

The stain used was Chlorazol black, mada‘up as. followsz
Chlorazol "black ¥ (Azo black) GJTv Gurr 200 mg -~ .
”%hylene glycol ‘;“iAf?AIf":l ‘fxﬁQSTﬁiéf‘:v
Distilled water RN 75 ml
Dissolve thé.staln 1n'ethylene glycol, add water‘and
Pilter. The plate muﬂt be ntalned whlle still wet. ‘ |
The piate is. 1mmersed ln ataln, and’ left for- 1—23 hours
”untll the agar 13 black.; The plate is then removed from the.‘"r
.staln and daeolouriaed by washlng 1n runnlng tap watar for

ah hours.' The plate was then preaerved by drylug at 37 C. o

Preparation of rabbmt unti-guinea—pig &lobulln Bard for

_1mmunoelgctrophoreais. '3"“‘

- The globulin fracmlon of guinea—pmg serum was preclpltated
'by hOp 5&Lurat10n wnbh ammonmum Bulphate. 'The preclpitate was

fcolleatmd by centrmfuyatlon, radissolved 1n BullnL anﬁ dlalysed
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Mlagainsﬁro lsnnsallue for ?h hours to remove any re81dual :
i-gkamﬁanlum sulphute., The probnin oontnnb ol thu ﬁﬁlution thusv
g obtained wan +hen neadured us;np a Unicﬂm Spectrophotometer a£
-? £a wavelength of ?80 mu- and &djusbed to approximat@ly 30 mg/ml
'fby apprcpr;axa dllutlon.( | ‘ | |
; This solutmon waq then 1ncorporabed inﬁo a

_;jmyeobacherlal adJuvant mixuure made up 1n the following

l;fﬁpropmrilonsz

Antigen in sallne:qolvtmon wath l m&u %;ff"

”GlJ dded'M. tuherculos:s 'féiﬁphfﬁﬂ?;

Arlacel A 1 part,n,f -:ﬂn 'tJn L3_

'I :":‘ K buyol 55 3 pe,rts

"ﬁﬁgThe antigen/adauvant emulsion thus 0btained was 1nJected 1nto

g rabbxt subcutnneoualy behlnd the aukle of both hind legs. o 5

M%‘ml waa 1njectad 'ntn eaeh log 3;After 28 days, a slmllar dose :

“P;or antxgen d;saolved 1n l ml Baline wae 1njocted 1n lelded
douee as icllowmz O.h ml 1ntc one hlnd llmb, 0 h ml into the

:lcentralateral fore 11mb and 0.2 ml 1ntruven0ualy 1nto an ear

';j~ve1n. Rabhita were bled from an e&r vein 7—1h days after the

.?8econd 1njection, 1n aufflcient quantlty to yleld 15-20 ml serum

fﬁafter separation.éfff'” L
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'Preparatioﬁ of purelraﬁﬁit antisera against guinea-pipg 198 and

T8 1mmunoglobulinu.ﬁ

Pire. rabhlt antisera . warerprepéred by thé methﬁd

| descrlbed .by Goudie, Winlnson and Horne (1967). The 19S immunoe..
g1obu11n fraction of &uanea~pig serum , obtained and purlfled

by DEAE chromatography and gel”letrat1on, was immnnoelectrophdresed
fégainst impuré rahbit anti-guinea—pig 195, The. preclpxtln arn"

thus obteined was carefully cut oub care belng baken to avoid -
contamlnatlmn thh-other unwanbed:preclpltln eres, and the-

exéiséd piécé of agar-washed in saline for W8 hours. The ager

was then broken up and suspended in 1 ml water-in-oil emulsion -

cOQQaihing 1 mg hent-killed M. tuberculosis per animal to. be
injected.

Approxlmmmnly 0. 1vm1 of thms nixture was 1n3eeted .
‘1nto the papllteal lymph nodes (both 1egs) of' a rabb;t. One
'month luter a second WHJLLLlcn uaq ‘given, containing the saméff
:precmpltan line emulsified in saline, 'This was_lnaeqted,gs>
follows: O.h nl suhcutanéduél& into oné hind 1imb=lu0.h ml
subeut eneously. into the éonfralaﬁeral forelimb:-_Q;Q»m;
intrevenously. Blood smuples were obtained 10-12 days later,
and examined immunoelectfbphcretically. 'Crassfféacfk>n of ﬁhis
antisefum with 7$'immunbgiobulin, due to simiqu‘iight<chains,
was renoved by absorpﬁién with Ej.ug {u1n0a~pig x ﬂlobulln.

Antiserum specific for'guineaaplg'{m.mmmunoglobullnm

wvere prepored similaely.
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, The'kiﬁétioéfbflﬁeutrdiigétiqn'6f:§oli;hd&e ¢ﬁlThlhy gﬁineg;pig’
" emiisers. o
- ”he ﬁse of k valumo a&va me¢ ure: of»scrum 1evels of.
f_eollphage neutrallblnb antxbodyela dependeuu on the logarlbhmlc
‘neutraiisatlon of the! bacterlophage by the dnblucrum. To show
thwt uhlB held truc Ior 5u;ncu~plg mera Hhe followlng experlments
'-Lwere carrled out.i Sera onm thrce Luanea~plbs Jmmunised 21‘
days prevxously with a smngle 1nuravenous dosu of 2 % lO9 PFU

of celuphaga ¢X3Th Wero Lcsbed 1n bwo vays. Flrst 'the sera -
;were dzluxed 1:10 Ln salzne and a full bactnrlophape

‘”negtrallsqtion-test:carried{gut 4o demongurate that-neutralisation

~of coliphége'wég logariﬁhmic with reapéétft§ tiﬁé. -Second ,

. the sera ngfé*ciilutea 1310, 1:100 and 1:1000 in reline, and’ )
,g;ééliphage'neﬁtraiisétionéiléﬁéﬁ to tuké place-over'a fix@d".
nii'peridd.of tiﬁa; xThe g;falueézthus obtained for.tpéf&iffereﬁt
“dilutions ofidﬁéiéérﬁm were ﬁhén:caleulated anﬂ.cbmﬁgred.‘,

The . resulta obtained are shovn in Plate 1 and’

Table l.tvﬂa Lan be Baen from Plute l, neutrallsation curves

fof the three Bera tested ax ,:tralght=lxnes 11¢infect1ve phage
léjremalnlng 18 plo»ted ayalnSﬁ tlme on [ aeminlog acale, show:ng
\;that the neutralzsamlon reaction prepressea logarlthmlcally S
¥1€w1th time.' Further, the. k. value& obtalned for Lhe three |
frdllutlons of 1nd1v1dual sera are equlvalenb w¢th1n a 57 error,,'

.Qf.showlng thax the k valuo 13 1ndependent of dllutlon.‘_

These results show that the k value of a serum beers




'a constant le&tionmth co :

"untmbody. It wan goncludgd,thai such k values could rﬁllsbly be

‘.ubed us a mcana DL compar¢ng the laVan cf colﬁphage neutralxslng

. an‘m.body 'l.n-)(iif,;,erenb {301.“‘. PR

'3¢X17h 1n s&linp.affL i z}*’f u'lfﬁ‘:lf?f?{VlA*‘

.¢leh:was 5 x qu PPU in all

Tho ‘munnlslng des 01 Lollphage

) : Jf?ﬂ grcupb 0& aana s., The P‘vuluuu ior«chu

era from thene animala

Bre shown 1n Tabio °

Anlmals vn'all,?ouv:g?ouﬁé»cphsiébehﬁl&,shoﬁedf;
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PABLE

Uk ‘values st different ailutions of puinea-pig sers teken 21 days

afﬁer'ﬁ*single injecﬁibn of‘bacteriaphdge GXLTY iﬁiséliné. |
S L _ u’ﬁﬁgvalue at dilution -
. Serum no. e 1:10 ° .. 13100, . 131000,
e oWk - 0.9 oubsT
2. R T0W3T o 0437104385

CUo3eo 039 0.385 oMo

© %k hag the dimensions of minutes ~o - oo ¢

o f .







%
PFU Remaining
Log Scale

IOO-N\

10

Animal No I
T T >
10 20 30
TIME (mins)

A
PFU Remaining
Log Scale

)

PFU Remaining
Log Scale

100 { V= ttytt

10+

Animal No O
1 I -
10 20 30
TIME {mins)

00 rrtay o,

10

Animal No III
1 1
10 20 30
TIME (mins)
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. %% values fox guines=-pig sera teoken 8 days afber immunisstion with.

v

4,¢oliphagef¢Xm7h in adjuvsot jeixtures and in sbline:: -

ffﬁyﬂiw/OKQMHlsionf

0.04 4]
0.33 LU0
10,076 B+
0.6 . . -0
.7 0.23 0
04135 04081
QLT 204337
S L0429 104095
10,65 BRI o 6 I
04205 - OGN
04012 .. T0.201

oAvitbuetic mean values

" 0.21h Bk

~ , sio I Séxiiﬁ@
-+ mycobacheria ‘vW/DgemglgiQnﬂx -f(i/v)k

0.01

0,111 .

0.11h

c.Y

r.SalinQEﬁ;ff

- via footpad -

0,11
104105
0.135 -

0.291 -

0.1627"9

0,129

. 0.079
0,393,

059"

{§=is the first order neutralisation constent for the readtign,

- between coliphage and specific entiserum, and hes the“diménsioﬁéQi

!Bfrminuteg”l.




“‘{.afex&vt [ X slaght potentlating effect on. antibody praductlon ‘g

‘detectable levels of serum antlbody at 8 days.f From lh anlmalﬁQ

I»lnaeetea thh collphape 1n waternln-oil emulslon, the range of f:f

.k vwlues obtalned vas 0. 021 to 0.77, w1th an &rlthmetlc mean,f*i"

:,of 0, 217. The range. of k values fram anzmals_injectad with

f,collphage 1n waterulnuoml emula1on Wlth added mycobacter1a=vas

’f&o 012 tn 0 65 wzth an arlthmetlc mean of 04 21&.. The range of &M‘

lyresults from animala 1n3ected with collphageﬁln sallne .

,flntravenoualy and v1a the footpad was 0 01 to,o.

7291, mean 0 129

" and: 0.079 to 0.393, mean O 159 rospectlvely;?ﬂThese results“

1_fvere obtained from groups"of 6 an1m&18~

It'appears from,these results that the 1ncorporatlon of

-'ro]iphaga in’ waternln—01l‘emulslon’before 1ngectzon results in.

.hlgher serum antmbody 1evels than doea 1naect10n of antigen:in

';tsallnr by the san A oute, 6;‘ ntravenoualy.i However, the S R

W

%fadditlon of mycobaoter:a to water-innoil emulsions of collphage ’

' »fdocs not hmve any effect on 3erum'levels off'ollphage neutralmsmng é‘:’f

antlbody 1n compnrnson wmth &ntibody levels 1n sera from anlmals wéif

»

;; ndectad w1th nollphaga in smmple water-in-oll emulamon.

“ 1t waa therefore concluded that water~1n~011 emu smons

‘ﬁ§meaaured by serum levels ot neutralmsing antzbody on’the eighth




of lQu,antlbc&y.a In order tm determlne the 1mmunngldbu11

“»:‘I'&ble\ '3.

'negligible

01&88 of antﬁbody\presan& in the aerum 8 days'later”‘

-;ﬁmacroglobulln (190) antlbnﬂy




| pefore

0007 0.005
..1375 -
| SRy ooJ o

. ¥k has the dimensions of wminubtes ™,
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waluterublon o X 3 phage neutrql ’g antmbody in " 198 and 7

‘ﬂlnmmunoglObulmnii acblons obtained bv Saphadox G~200 filtratlon

fof gulneanply sefa._
h Moleculgs of apprec¢ably different molocular weight,
:suéh 0g Tm and 19% Jmmunoglobulnns cor. be effccuivcly meparaxed
from" esch other hj flltvation ‘on Sephadex 1~ﬂoo.' In ordor to .
conf;rmALhe result obtalned ffom Lreatment of 8 day Eera w1th"
 2mmercapt0etﬁaﬁol.vsera.from anlmalazmngectad with:coliphaye-in
'w@&efeinmoil7eﬁul gion. with- and vlbhoub pdded mycobacter:u. and 1n.
saline, weré‘fracyionabed on rphadoy G~200 nqin O 15M sallne
ﬁs eiuen€w ~The-@luti0n‘patﬁc$ fer such & fractlonntlon is
shownvin Elat@{Q.‘ .

Three protéin-peaké:were thained,'as judgéd ?#:?hé.
absorbency 0f %ﬁe,gluaﬁa-on'é qu.sgqctrbphotbmétgr;g:Thé vo;umé
| of'eluaﬁé‘cént&iniﬁg theseApgghs-wééuconﬁentratad&tﬁﬂfhét“"
';original $éfum #olume;lénd théfiﬁanﬁitonf the protein”ﬁrcsént‘
'd@to=m1ncd by 1mmunoelovtr0phorcsms. Tho flrat protoln peak
'Jwas thus %nown to contaln uh@ 195 1mmunoglobulwn Tructlon and the

',uecond peax to cnntaxn th@ ? 1mmunoglobui1n xvactlona. Theﬂa e

"‘1ractwonb ueru tested for noutralxcang act1v1ty agalnst collphage

'{A5 preBent was detected 1n the £factLon shown to contaln the 1981

¢Xl?h by bhc hacterlophago noubrallsatlon h@st. The results of K

'1mmunoelectr0phorcu¢s cr Lhe proteln Eractlons are ahown 1n

Pl&ie 3, and of the bacterlophage neutrallsatlon tests 1n Table

;h.' In all cases, the. greamer p&rt of bhe antlbody actlvaty

i




PIATE 2. | |

The elu'b:;.on pattern o‘bhained by chrom'tto iijaphy of guxnea-."fiﬁ“""

: .-i}lg sermn on beplmdex G--200.




|




PLAYE. %5,

AH;;Immunoelectrophoresia of the fxactions of guineaupip aeruml‘

'~Qhobtained by chromatography on ephadex Gmﬂoﬁa

,qéﬁélls3é#;fi3;¢)>ﬁuinea-p1g whole sexunh
L "‘,.ﬁj;uephadex fractlon 1.~}'Hﬂ

: ﬁkﬁfé)iSephddex 1ractlon ?,j7="

s&”4n&)’Sephadex fractinn 4.;;
e) ueph ﬂex fractxon j.}f

. f);&ephadcx iractioa ).f

- f {Trougha - all trouwha cOntained rabhlt anti*ﬁﬂluea“Pig o

&lobulln.>-;{'ﬁﬁq







Ant‘.lboﬁv (k x 10)

[

Caes o s
lﬁ;,5;g::4c;-.“&ne};;hs;,dex G«’?'OO » w, o@ph&dex G-?OO

0.30575
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m 3 T etk xbm N

k values for vuhnea»plm sura Laﬁon 91 dav aftar 1mnun1bablon

- w1th colmnhage ¢X17h 1n adguvanb mlxtures and 1n sallno ’

: Arlthmutlc‘mean Valuez

u/o emu151on S baana “'1; balnno
myoahacberla ) ﬁwjpwemulsign”.= (1/v)~f' vma footpad

0306

. ,‘-0300.. .
2,070
1810

© 24931

34106

L2905
e LeS3T
E.212 -

' g‘; v .
.

2 ll

"l al S :f;’Lﬁgl“ff”; 0. 16"
LT Tt 0205
Lo0.BL . o oGks e T
FL04897 T 0037 -
0‘53 ‘ ) O'._r39}.
04805 0 o
ChuBe LT
10,95 - a3k
LLOMT3S - e 0656
L0615 . 0,280
0.8 . c

B TS S 01 § SRR - S

¥k has the -dimensions of minutes ~o

b
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Thesne resulte show thax the use: of waternln-01l

,emu151ons of antlgen results in much hlyher neutralislng entlbody RS

Vilevels 1n the serum on the 2lst day after a 51ngle 1njectlon
-than does 1n3ect10n of : antlgen 1n qallne elther 1ntraven0usly
or via the footpad. Purther, the addltlon of mycobacterle to
Jwater-1n~01l emulslons of entmgen 1nduced the highest antlbody : f;h;e’“
- levels obtaxned, W1th a meen k value over tw1ee as great as:
that fbr the group of enlmals 1naected wlth entlgen in s1mple ..
uwuter-1n—ozl emule1on,‘and fxve tlmes greater than the mean k
velue obtnlned for anxnals 1n3ected wlth coliphage in sallne..k,v
| It vas concluded from theae results that the 1nclualonflf"
biof collphage in a water—1n-oil emu181on prior to 1nject10n e
resultl an a deflnlte 1ncrease in antzbody leVels 1n the sETUM 4
21 daye efter 1ngeot10n, compared wnth serum ant1body levels -
in animale 1ngected wlth collphaye in salmne.; Further, addltlonf

- of mycobacterla to the 1njeet10n mixture results 1n even

greater levels of ‘serum antibody at thls tlme.

_ Dletrlbutlon of antlbody in 7~ll nd 7&u“_1mmunoglobu11n frectlone .
e LA

g obtalned bv DEAE cellulose chromatoyraphy of gulnea-p;g sera taken

21 days after a 51ngJe 1n3ect10n of coliphepe.

' Ant:body act1v1ty 3n gulnea-plg'sera 1s conflned to S

”.‘d3 1mmunoglobu11n classes, 7871, 7572‘”' :téi These”clasaes :

f can be separated by ehromatogrephy on DPAE—cellulose, an’ 1on :5)




..

°“ exchanre reszngf,ue t' thelr“dlfferent molecular charge-, In

:mi¥%0rder to determlne in whlch of'theSQ fractions the major part of 'iﬁ”ﬁjy

Fj‘colxphaga neutralislngﬁantlbody wus to be found elﬁdays after

a'liﬁglé inj éction of antmgen 1n adauvants or 1n sallne, sera
tifréh such animals:wére fractlonated on DEAL cellulose columna.h
e Praet1onat10n of puinea»plg serékﬁas carrled out ualng
.j»a stepwmse elution technlque to separaxe the T&Tl and Toyé |
:immunoylobulln fractlons. The elutlon pattern of gulneanplg -
"serum from DEAE celluloae, uslng 3. elutlon steps nf Q. OlM and o
::0 15M phosphate buffer, pH 6 5, is. 3hown in’ Plate. h.‘,-
Immunoelectrophoretmc analya;s showed that the first proteln peak
.obtalned contalned only TSY-2 1mmunoglobu11n. The second peak

(elu&ed with 0.1M.buffer) contained malnly ']'S.,.:L immunoglqhqlln .

aldn? with"otherzeléctrophoretically"fast' broﬁeinq,'but this - .

"fractlon always showed the presence of 8 certaln amount of - TSra
-;1mmunoglobu11n. The thlrd peak, eluted Wlth O. 15M buffer, was -

‘ found to contaln the 193 1mmunoglobu11n fraction.. The results

=

of 1mmunoelectrophoreszn of theae fractlons are shown 1n ‘lfrf?;];~

Plate 5.3

The 7371, T%Ya and *95 1mmunaglobu11n fractmona thua

thtalned were tested for collphage neutralismng act1v1ty ualng‘

 the bacterlophage neutrallslng tssb.f The results,>expressed as 3

k values are shown i“i

-gwneutrallslng act;vity in all lera studled, whether the sera were

:ahle 6 Both 78 fractlons showed collphage*ff;




CPLATE k.

A

- The elu‘bwn pa.btern obtamed by stepwise e]ution of (vu:l.nca-- :

‘V~V-Apig serum i’rom DEAB-ncelluloae, usmg phoaphate buffers of

"’*'1ncreasinb mola.r strenghh, and at a constan‘b p}I o:f:‘ 6..)»




OD 280

2:5 0-01M 0-1M 0-15M
Poy Poy Poy
o
o
1-5
o
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. ®
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_]mmunoelecbrophoresis of pulneanpig 7811, 7&12 and 190 immuno~;
'globulln fraetions obtamned by chromabooraphy on DEAl | :

“¢‘cellulose. *[:31 j £- o

ﬂ:W&ilé:;hfylig”7b7b freet;on eluted vxth 0 OIM phosphabe';TfI;J 
SO bufger, B 645 -
r"}g;quinoa~p1« whole éerum. h,’5“ L )
A3§;19S fraction eluted'with B 15M phosphate ;1'£i;
butder, pﬁ 6.5. | n | ”
‘F¢;44537S11 fraction eluted w;th 0. IM phosphate’fff;;i%
| :g;buffer; pn 65 . SEA

“f?réﬂ hs :n.All ﬁroughs eontained rabbit antiwguineauylg

:' globulln.
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'I‘AB LE 6.

L T e

;).Ant'ipharo activ :rby 01’ ‘L() and 5 fract Lons o‘bi,:uned bv })LAI' .

'V"ccilluloso chronnt.ography of ,31 ciay p,ulnea-pw s;era,.

lr vahm of f.‘x ac:i:lon '

 Antigen ,5.1&,5-;@@15&'@;- -

/O +
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.";',c‘;ai.i.ne." 'l‘he nct:n.v:.t oi‘ thc: Tqu :.ummn%,lobulm E‘x’ectlon was

*

s.lm.lam .m sera. 'fram ammulrs 3.naected w:tth anu,g,c.n J.n wa’cer-lnuoil :

emulblon m.th and ’m.Lhout added mycobact,erla. ¢ ‘J.’he a,chlv:tty of




oy o
1:7b71 and 19 anunaglobulln clag ﬂes Ain, comparzson w1th slmllur
rract¢ons from anlmals andected vtth collphage 1n malzne, 1n sarap}

tnken 21 daJB after a sxnglc 1nject10n of antmgen.‘-*'

B Tmmunoelectvoghorablc 1nveqtmﬁatlona on’ aerum 1mmunoglohulin

~§?é§fract10na obtamned by DEAL celluloae chramay;grqphv. '

. Tn v1eu of the results obtalned above, 1% v%s dcﬁldcd
li;to oheck the' 1mmunog“obu11n fragtions tested by 1mmunoelectrophoresls
‘fagalnst a rabblt antlserum hnown to contaln &nbibodj Spe01flc for B

7igu1nea*P¢g 7811, TOTP and 19S 1mmunoglobu11nl. The results |
;3fdbtained are shown’ 1n f1ate 6. As can:be seen, 1mmunoelectrophorééis

itof the TQT? 1mmunoglobu11n fractlon &x DEAE reaulted 1n & single
”'ﬁ:precxpltzn 1ine 1n the Last reglon, showmng thah such- fractions
'prere pure. The ?&Tl ractaen,;however, showed qulte clearly the

;tpresence of twc preclpmtln 11nes, one of whzch corrusponded to
:ifétham obtalned for 7dr2 fractlona._ The TuTl fracblon obtained

]?by DLAh chromato&raphy was thereiore contamlnatcd with TSYa

@71mmunoglobu11n.. Immunoeleutroyhore31s of the 195 1mmunoglobu11n

’:eractlon ex DEAE showed . the presance of only oue preclp1L1n line,

-f. in the 9051t10n expggted for 198 meuncglobulln, and no prcclpltln

‘-11nes were. appaxagm in the TS reglon..

-These results remove th@ posslblllty that the antlbomy

A;actlvmty observed in 198 1mmunoglohu11n 1ract10ns ex DLAL

4.‘reported above m1ght ba due t01contam1nat10n wibh other

i 1mmnnoglobu11n:fractiona.: It was‘therefere concludeﬁ that the
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fImmunoelectrophoresls of gulneumPlg 7511, 7070 ﬂnd 190 immunoull’i

'ngohulin fractlons ex DEAﬁmcellulose agamnst a. rabhiL antiserum ;; R

;centalning preclpltabing antlbody agalnst these bhcee components;

ﬂjfaf gumneawpig aerum only._ |

| l".%.l..l..?.;-— ) : %) 7ST X o DIAL.\-:?
CRE TR - h)78 " ox DML..‘.;;;‘,-‘-:‘,'&’”
”":tc) 19& ex'DLAl -
: o) 7»71 ex DmAL;L
"”rfe) &or? ex nhmn;" ":

“pff}if) whole Lu1ueo~pig ‘érmn,;,







before and after treatment were measured uslng the phage

neutrallsatzon test, and the results expressed aa k values (Bee

Table 7). :
As can be seen, sera from anlmals 1naected thh collphage

in saline were least Bensitlve to treaiment wmth mercaptoeth&nol,

reason. for thls is’ not known. Sera frcm an1malsllngeeted'w1thqiiﬁ*n
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;¢X37h ahowed that ulthaugh mvombacterlal a&guvants 1nduced a
 ”marked 1neroase in T8 immunoglobulmn antibody againat coliphage,
 no nueh 1noreasp ooourreﬁ aarlv in the 5mmune responsv, vhcn 198

‘antlhody wag: prcdomlnant in the clrvuiatlon. The experiments,

‘ ‘deﬁermbed below vere designed to detemnlne whether the effoet
'E;Qf mycobactor:al adguvants on serum anti .body levels could he ‘
\1 zexplained on. hhe baaﬂs thet ‘the dmfferent Jymphuid orgﬂns of
the. guine&-pmg were not of the same ¢mportance in the synthesis

,fof 195 an@ TS 1mmunog]obu11ns.

 Kine 103 of nautraiisax1on of coliphage #XLTh bv supernatants of

':f_lymphold tassue culturev from 1mmuniaed anlmalq.“
To determlne whether neutralisatlon of colnphage hv

“Tsup&rnatanta from tisaue culhures of. lymPhoid tmsaues from

-plgs fo1lowed firat order klnetlcs, th’;“

'ilmmnnised gulne?

ffbllouing experiment was carrled oub., A gulnea—plg was

?;withwa %.107; -U of coliphage ¢Xl?h 1ntravenoualy and - kllled

FSpleen, bone marrow and 1ymph node tmssueM

9







of° PFU REMAINING
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TIME (MINUTES)
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~;; :vére uhonldlsrupted by.zr3021n& ana uhuvlng, éeli débrls Bpu;ﬁ%r
'off and the upernatunts oollectea.‘krg: o -

A bacberloﬁhage ncuirallcétlon test waa carrled out
on the supernab&nus frcm cach tmuuuc and the: rﬂéults'are shoﬁn .
ln”Plate 7.w As_can bb een, uhon 1nfect1ve colzphage remalnlng
was p?otted on ﬁ Joynrlbhmic scale aga:nat times straighl line
- eupves were obbaﬁned Ln Lhe caqe of each cf the tlﬂSUeB studled.
/These resulﬂq“show Lha% 1eubrnllqation oF Goilfhage by cultur

“supurnatants fﬂom 1mmune t?ﬂdueq iollow PLrSL order kinetlcs

a8’ does neutralahablon of collph4"e by speellia ant;%eya. KRR

st e e o

oynihcsas OL col;pha e noubvulls)ng unbxbody 1u vxoro by vnrxous

¢

flymuhoxﬂ orwanq of bne gulncumpxg BHQavs afber 1n&eet39n or

ic011phugn ln adguvanta and in a&llne."

s g
S .f.

"ﬂpleen tlssueu lyMph node tlssue from the llmac nodesqh?"“

*homolaberal and eonbral&teral to the s;te of fcotpad 1n3ectlon L"'

"V?and homolateral tmblal‘bonc marrow were rcmoved from rulneauplg. w

kxlleé Qn the elghth day after Lho 1n3e0t1an of antlgen, and

\lﬂultured for 31x hour% 1n vxtro (sea Materlais and Methodn)

}:The Iollowzng group& of anlmuls were smualed:

Lo

‘ i. gulnaanpigs 1n3ected v1a tho footpad thh ant é nlln,;}¢€.3*5

‘. watev~1nnoml emu151on wlth added nyoobacter;a

”3“(0 2 ‘ng- ppr anmmal),

-.'S
¥ :

'52} ?gulnea—plgs 1ngected vma the fcotpad thh antmgen_ln

 waher~1nmo1l cmu131on wlthout udded myeobacterla.gf




‘”fﬁgulneamplps ;naected v1a the mootpad wmbh antlgen 1n

- 8a 1i é.

"h.ﬂ3gu1nea~pxgs 1naected intravenously vith antigen 1n

-sallno.'

~A%téf:dulture,;theftissuea were.disrupted by freezing and thewing,

wdéll;debris spun éffland ﬁhe”coliphuge~neutralising actiﬁity of
he supcrnatanb determlned using mhe bacuer;ophabe neutralisation
test. 1n thls system, the txme for the phabg neutrallsahion

:t;st was xlxed at 30 mlnubes." %o 0. 9 ml txssue culture -

3\aupernatun% vas aﬂded O l ml of e suspens;on oJ collphage ¢x17k

: contalnlng 106 PFU. The number of 1nfec 1ve ph¢5e partlcles

o

‘f;remalnlng 1n Lhmq mzhLure was dotormlnaa afher 30 mznutes @nd the‘+

{fuy Lhublu actLV1by of. Lhe dlfferent tlasues compared, usxng the o

;numher Qf phagu puftlalea neutrullscd by bhb culhure supernatant

jparfunluﬂﬁelthT(O l gm) of txasue ¢neubabed as a ba81s for

5axlson; jfhc conbrola for tho phage neutrull ation teat 1n

- meddwme

s

'hb reault' obhaxngd 1n the whudy 01 1ymphoid tmssues

'777}ruﬂUVLd 8 ddys &fter o blﬂblﬁ 1ndccblon oi ant;gen are shown o

giin Table 9,f Loi;phage nuutral;s nb antlbouy vas conszstently

f?d?tact&d 1 'Lhe tlssua culture Jupernatanta from the tlssues } :~

f,dtudaad 1n ull groups or anlmals.: In vomparlng the synthetlc

i

‘ jnct1v1ty of lympuoid tlsaues fran anj one anlmal, bone marrow

f7cuxturos were Lound $0. blVL tho levels ‘of colehu&e neutrallsatlon '

——
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fﬁgtiviﬁy:~= no. of PFU coliphage ¢X17h neutrallsed x 10 3/O l g

'}tlssue 1ncubateﬂ..;iiQ
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'f_other'anlmals.the oPposate was thc ¢ase.fﬁfhn autxv:ty cf’the

f-891een culﬁurea(wa usually low,?bu& iu aome caaaa exceedcdkf;:

¥ ,' "

'"mha ‘. the 1ymph nodes on a unit ve;gh& basla.

'The mean valuas of actzvlmy obta;ne& ror each tissua,u':

_relutLVe to the ac&ivzty 0; thu Homolat eral Aymph node in eachvc

- au1mal are_shown i wab¢e 104, Aa can be. aeen, she distribution;;,@;*i»x

o af _g';gtgvity miu;;ﬁsi .;rauﬁa;oazr"a:;'iml;{;..-'a-wiea iq ,e;ssmji.@;;l

‘similoy, elthough the bone teriow in eninals-injected wit




”aDla«rammatmc;repreaentatian af bhe mean synbhaaia

N g.neutra11sing antibody by 1ymph01d bissues in vitro from 6

atfguinea—pigs immunised days prev1ously W1th collphage ¢x174

Llﬁln mycobaeberlal adjuvant;
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"“j;Mean dlwﬁrlbutlon of act1v1ty 1n the synthebla of cOllpthe

?Eiifneutrallslng antlony of varlous'lymph01d tlssues, relatzve to the.

ﬁhomolaﬂerallllzav ncdea (]OO%) from gu1naa—plgs 1mmunxaed 8 dax_

-f.prev1ougl¥_y1th coliphage 1n adauvants or qaline.'

Mean syntheﬁis / 0.1 & tlasue

SR Homolateral Contralateral o "»fane
.Groupﬁ__,uﬁu : 111ac node , 7‘.11iac node  Spleen Marrow
W/O emulaxon ‘ SR o L ‘ .
R mycobacter1a¢;f}[ SUa0b. e 1980 L 1k6 C T2

8T 537




- ncutr l&szur actzv1ty per unit v' ht of tmasuevwas,detectediln‘j

“;ff; x"fla. homolaberal nodes 1n any cne anlmnl.n 1he actlvlby of splaen

A | v;  cuiturug o.s 10w on . a unlt weight h&dlﬂ. Bone marrow cultures




NANEIS S L I
Tadye Tata pAgualu




Ve

 TeIsETOWSH "
TSSTY, JO

‘ T




Hi:thﬁ acbfvaby of Lhw bon& narruw 19y b@Lmeem uhnm of ahe

made on a unnb ﬂeighu melSh

;;>juar & ain found_to bc vurmablo.

“ffootpud thc reQults obnnlnod show hax th agt1v1t&-

‘t?¢humolaucral Ll;ae LyMph nodua waa rlmghbly grea&er th&n Lhat

“QEurthef;:the ct1V1ty of bone marrow culturvs frohf

:"_'m gt basl.a.

Lfglobulln typa,,

o ?collphagc neutralls¢ng antlbody on a unmb fezghm basxa,

homolaueral iJmph nadca nnd Lhe p]eon. ”h@ﬁo obacrvatlonr wer

Tiﬂnues from anmm&is 1ngcatcd with ann:gen in watermin-oll
mnuLsJon wmthcut nddea myoobncte ~1e. shoved a stmjlnr dlatrxbutlon

of uctLVLLy nmong Lho Jympho:u tissuess In bhOJQ an;mal%, the

i

-¢ct101L¢ oi thv Lontralatvral lymph' nodes was nearer‘to that of

tha homolabgrul ‘]LHC nudas Lnan vas the cnae 1n &nlmala anected

nguh mycobucb@rwal udguvuuu. ‘The activmty of dpleon oultures

,;}wa& agaln Jev onfa un&t we1&ht bas&ﬂ. Buneumarrqw;a@tlvmty ;;gﬁf

”‘> ln anlmais 1n3n¢ted Uith coliphu? iﬁiéaiiﬁéf?iﬁlthéf.;

K

:found 1n the LontraLaburul noden, n a un;x wclght basms.

these anlmala

lt was goncluusd from Lheqe resulba thab, aL e, t1me fa} '

hen’the prcdomlnanb cxrculublng anblbody lb of Lhe 7u71mmuno—&ﬂ?

Lhc lymphoxﬁ organm most uublv 1n the synth381a" a




- PLATE 9,

“Dia ,Fraﬁgntig representatlon 61 Lhe s&nhheaxﬁ o£ cailpha%e
;;ﬁeuhrvllmlnr anbmboﬁy by lymphoid txsdues from two gumneané:'
lfpigs immunlsed 21 “days’ 9?£V10u81y'W1bP‘ﬁ
| | ':{-; 1 & collphaFC Oll/& in mycobacterlal adjuvant.g

'2 - eolzpbmge ﬂXl?& in waterulnmoil emu1510n.'
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bhe 1ymph nodes close Lo thn site,ofeantiéénaihieéinHQ The'

!i Jntheth act1v1tv oP bone marrow cultures at thlﬁ t1ne 33

’T-;much lesﬁ bhan ut a. tlme vhen bhe prodomlnunt C1rcu1ab1ng

"~¥antxbody iq of the 1)% immunoglobuan olesq.‘ Jnthetlc actnv:ty

*mn;spléen.hhltufes“tas conSthenth louer than Jn culturos of

H

3fthp obhor'tiqués qbudled. 'TheJe re ﬁultn hold tvue whether»ﬂf;a.

fx gefted Jn waﬁer—mnwoll emnls:on mlth or wmthout

-:‘added mycobacterla or 1n sallne. ‘Plate- BhOUS the reavltp e

iobtnlnud from two nn1ma1%i1n3cotod Wlth co?Jphﬁge in mvoobaoterlal

;anuvanL,.

4

'CQmparl on of aot1v3hy 1n bhe svnbhe. 1g of cellphmpe noutral sl ﬁg

: antlhodv of in- v:Lro athurc of bone nurrnw from dlfforcnt slteSv »

i tqkan 8 days after Ln]ecﬁlon of anhlgen.,_ ’

..Inrthu studleq on 1vmphomd,tlsbunm romoveﬁ 8 days after.

”i“;nj ctmon of’ann:gen, bone marrow f"om the lelm homalateral

uO the nlLO of anumgenjmn]notlan, consartontiy ;howed the hlghest"

‘*%YnthQ1u

ﬂ,f LoLlphage,ncubrlesxnb anLLbody.‘ ln ordev to

Q*dctgrmjne whebhor Lhig uCLLViﬁJ s du@ to thﬁ prox1m1ty of thls :

' “bonc to tho SluO of dntlgcn THJGLLLOH5 tno follcwmng ewperlments

S ¥

 were'carr1ed~owh“ T4b1a1 oone marrow from thﬁs.lblaﬁ homojateralf‘ o

e

» *

’and Lonbralﬁtaral £o: the %iﬁGMOfffODtP@(‘L‘j LLDH of col1nhape

-,f;nyuateralnanllnemulslon_withﬁaddéajmycobaéterla from two*animals,,

.

) welenh g, ncutr lzalnp antlbody

w'qupcinub¢ntuﬁd@berm1ned..;Frqm;7 

v




‘5f,“1nALhefhomolateral t1b1al marrow of the same anlmal. \,;1“ “”' 

ﬁiaﬁiﬂttempts to examine sternal bone marrow from 1mmunlsed

TEUﬁruineanplps vere unsuccessful due to the relatlvely small

ES -;'

uamount of marrow present 1n the sternum, and the technlcal

.

'-dlfflcultles 1n exposlng 1t. Three cultures of sternal bone

marrow attempted showed proas bacterial cont&mlnatlon, the onlyir
tlme 1n th1s atudy that such contamlnation was observad.f

It was concludea from these results that the hlgh

“actxvity’oflbone:marrow cultureS‘from the hamolateral tab:ae

ﬂ{fﬁdescrlbed”above,fB days after thewmngection of antlgen, was not:

tﬂreatrlcted to this bona alone.:;rurther, such act1v1ty 13

‘ﬁprobably rep esentathe ¥ ¥ ,otal body bone marrow, and

oness




_.'_éi’oe Gf»fd“"."lmd :mjec uion renmvml ,3
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PHAGE NILTRALISING ACTIVITY

ANTIBODY ACTIVITY IN CULTURES OF HOMOLATERAL AND
CONTRALATERAL TIBIAL MARROW . 8 DAYS .

A HOMOLATE®AL

B comaaiaresac




ﬂynthesms of cellphage n&utrallﬂmng antmbod; in vitro by bonp

RArToW Laken from dmfferent smtes 8 dqys afber antipen ingectmon.

*Synthetmc activlty / ‘O 1 p bone marrow

R Humelateral . Lontralaterql - Homolat'ral :
. Animal " - Lo - %t%béa;ﬁ,; tibial ' *n“'humerus 8

2

20 o







after 1mmun1sat10n wnth culiphage 1n water~1n-011 emulslon thh fg

i i addad mycobacternaar;“

e -ﬂ»iq” In nhﬂ'c¢so of ti aues remeved from’ anxmals 8 days after

antlgen inj&ctlon (Table 13, Plate 11) the results show that

| approximatelym25/ ofﬁﬁhe eal;phage neutralxszng aniibody per unzt




| 1k2

TABLE 13

Net synthesis of ‘entiphage antibody in tissues removed from

-guinea-piss 8 deys after injection with coliphage @X1Th, -

Tissue *Activity / 0.1 g tissue - Net synthesis
T ‘before incubation after incubation
Spleen. . ' .. 0 | 287 3004
055 X9 - 2hop
Homola.teral ,‘\ lp'f' .. 6. e 259% .
lymph node S 2 b - 8.1 B ) 21&8% '
‘*(ﬁbﬁtv]x'?a]..a.tqzjfe,i' "__ 19 6 s phog

*actlv:tty : NO of PFU col:l.pha.ge ¢X1Th neutrala.sed x lO 3/0 l g

C .-:,‘ t:l,ssuo mcub&i:ed.




col iphagfe ﬂXl ;m ;m mycobac Lev-iol ad,]uvc,at-

PLATE 11

Colxphaﬁe neuLmlumg anhhody ﬁxbraemble par unﬂ. weigh‘('«

' 'of tlssue }beforb ana af ter-m vi“bro incubation in lymphoid

.bxssues remwed }?rom a guinea»pig 8 days a:ﬁ‘tér :m,]ectlon of

“




=

) . .
ost-incubation

. Pre-incubation
Post
Contralateral
Lymph Node

Homolateral
Lymph Node

ow

Vi - -

B
Mar

Phage - Neutralising Activity /
O-1g T
20
15
10
5



. Homoleteral -~ ° . . 1,80 -

ilinc dymph.

pode - o W37

Contralateralf fuaJ {:deJ .

iliae -lymph

mede . it LT

- -Bone marvow o Lk

P "*Actxvxty / 0 l & tissue
befo e 1ncubat10n after 1ncubation
.% :‘A3,2f,j B
u 0.;xnﬁ&
1.8

3.1

8.7

6.3

8.9

v,

0
433%
3874
840%
4214

3504
327%

-§i*aativ1ty -, na. of PFU eollphage ¢X17h neutrallsed x 10 3/0 1 g

tzssue 1ncubated.,

_ﬂet synthesxa"“'?




" ,jissues from thls‘animal produced neutralisﬁng

jféantlboay, thls result must have huan duu to technical fallure.




f~w(8ample l).

_.the syﬂtheezﬂ of col&phege neutvallsan aﬁbiﬁody¢

lemal bone merrow - fr@ﬂ 8 guinen-pig 1nmnnlsed 8 days
pf@Vlou&ty with eellphuge ¢Xl?h in wemer~1n~oml emulsaon vath

added mycoba«terio was divided into b portlons. Theee portions-Were

.then 1ncubeted &g;v1tro in the presence of puromycin at different

nolar concentrations as follawe:‘
Samplm'i «~ ‘tissue eulturc mediuwm
Sample 2 -~ 3 x-lO‘ﬁM puronyein }n‘tiséue culture medium
. Semple 3 - 3 3»10”§M pﬁiomycin'in tissue culture medium

Sanple I - 3 % ’10"61\1_;,15&:'-6}@6:11': iﬁ‘tiaéue culture mediun

}; After 1ncubat10n, the neutrallslng antlbody content of the
iﬁsupcrnaxants vas: determined on a unlt veight baeia, end the
ﬂj;reductzon in activ1ty caused by the presence of puromyc1n

| exprcssed e» a percentage cf the actzvaby of the control culture

;Slmllar expérlments were carrled out on contralateral

"75f51liae lymph odes removed fram three anlmals 1ngected thh

‘; 'Z;>;collphage aa ebove 21 dayb prevlously. ;:{ ‘?gf;;; S

The results are snown in Plete 12 (8 day) and Plate

A . e - :
‘f,A‘concenLraxlon OLLpuromycin of 3 x 10 M puromyczn o

' .ireduced the antibody detected after 1ncubatlon by BOA eompared
*fto the antlbody uetected 1n cultures of the same bone merrow not

‘5expoaed no puromyc;n. thtle dlfference was obserVed 1n the

effect of 3 x 10 3 and 3 x 10 6M puromyeln, the reductlon

‘obqerved-approaehlng SOA in both caaes.

Lymph node tlssues taken 21 days- after the 1n3ect10n'

‘;‘of antlgen shcwed a IOV re&uetxon in. antlbody productlon when
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o as a rereontage of the 11nit wezght <Jynbhet318 ‘by bone
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N b. =‘in mycobautew ml ad;;uvmrb via “Lhe left lhlnd i’ootpad

i . ,}"Syni,hesm per

*.afs a P?;‘ﬁeni}uﬁ-e oJ.’ Mm uni'b welﬁ-h‘v synthesi& by 13m1ph("_od&:’f

5;1,1:331&9 incu‘bated. in Lhe abfsence oi’ puromycin.

_u'nrt"b wa'igrzh‘!l‘;"oi tmsme i’iucuﬁ:abed 23 exyressed"f.,- T
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anamlnad for tha presence;of cvllphage nauﬁraliSlng;antibady.

Wo neutfallsat1on of callphuga wub detecﬁed 1n thc e

-L(‘-_;

nonnmmmunlaed anlmal




'f avr>v,,qp1@on nnd Jymph nodv tlﬁuum from; thoso-unzmals fbr the

‘ prnduotlon Of @nLJbody ognlnstjcollphage ¢A17h produced

: un1form1y neanivo rvmultq. In VLGU cf Lho qmaﬂ] amount of_f Jf”

.iﬂupernat@nt nvajlquﬂ, onJy qualltuL1V$ tarts Were carried out

- for activzty of theqe culture supornuidnta ug&lnnt phage 80 ;Thgse‘*

5fnhowed that the 3upormabanhs of bno 1ymphovd tlssue cultures

ﬁconb&LnLQ antnhodJ agaanst the 3n3ucted staphv!ouoccal phage bv

'flnhnbltLon of plwque f rmablon on a 1awn ylaLe of Staphylococcus sp.

ince Laljphage neutrallslnb act1v1bv could not be

"detected in Iymph01d Llaquc cu3burov from non~1mmunlsed guxnea—plgs,

;Lor'guwneu-plgs 1mmunlsod thh sbaphylococoal yhaye, 1t was

Aconoluded that the noutral1,at10n ox col¢pllkc observed 1n culture

' upernatants ot iynpho:d L s5ue 'Crom anlmals 3mmun:sed w1th

"7‘_Lhat baomerLophagP was- due Lo Lhﬁ prggence of uﬁ@ﬁlflﬁ antibody; S

3 in thtqe qupcrnatunbs.




L'thqu L]Mﬁbg th@ follOW¢nv ekpeximgnts—werevqarrxed_mxb;?

ue° TOHOVOd From Fuinﬁa“PL& fﬁ dﬁf& 8ftnr 1mmuniuahmon"”"

fcollphago ¢L17h Waa mew ured beior@ and @ftwr trcatment w;th

@nﬁraanbeethanol.f Thﬂ resulta aie shown nlmable_lg;f’

'”ruatmﬂnt Wlth ?—m&rcapbomuhunoi m&rked]y reduoed thc

abllmty of the ou]ture aupernatants suudled_ 0 noutrallse nolehagei

¢Xl?h bhe reduction in acb1v1uy xn all ea%e% bar ono belng‘vn 

 LXCGb§ of 95p; Controla of mereapﬁoebh&nol_treabed aterlle

KT

cult ure medlum wera uaeﬂ.

v

7ff?gf'Th@se results sugge L tham the untlbody producpd by

tncso tmsbuea Ln VJtrG is of Lho JQS‘lmmuanlobuLmn 01&33.'

_‘b_) ‘J?he

.efféct?d:

,bblt antlsera hﬂ@ﬁkmlﬁ farkalthar FuLnOawplgf‘

&Lenulln voee pr@pared a5 described A Maxerzaia and.Methods'

“class agamnat whlch they were dlreched unflfﬂ

..\;(Plube ),

Cnltuf uupernatanhn oFf. lymphoid Lzsgues from bwo

\

‘anlmals 1naeobpd ki)

[

and Pl days prev&ously f

J §ing1y;;




apboebhanol treatment on thé phege’

culbure-Hupernetants




~-Wa;ar«inwoil emvw Lon wmﬁh adacd mvcobactnrta war Lroa&ca WLLh

rdbblt entlw{01neamp¢¢ (S and r%bblt ant Mb.lnPFmplﬁ lQu

f;mmmun0globu 1n, mﬂbéﬁ detérminﬁtidn[of‘thg;ﬁntiﬁodv.cuﬂbéﬁt'éff}V
'beha 5upornmtunts. To 0.#‘nl of 'culturo supcrnatanu.vas added.m’
’ an unal velume or a 1:30 d:Lutlon oflaﬁéelfmc ant1merum.i Thl?
i{mwstufc Ua 1ncub¢tad at 37 C for hour; und Lho col;phagv

neutral riﬁg acbxv1ty thon cstamnted agaln.ﬂ Thei esults obtalned

”Hafter treatment '?;tisdue culture su;=”natnnb rwlth.rabbl_y

' mnblﬂguﬂneanplg J)S and 7 1mmunoglobullns'a~o shown 1n Table 1(

En the caso oi Lnu ues removed g daya afteriantagen;;:

"}1ndecb10n, Lhe so oP n Qpeonflc antL~gu1naa—p15 19 ﬁserum caused

1derublé{~vductzon of thP colaphuge nputra]msnng abillty of

gsﬁﬁe culturelhuPOJnatanL.: The use of an antwaTQ ﬂerum, howcver
jﬁﬁd‘comparatively LJbb?e eifoct.1 in contr&st, 1n supernstants“
'oi 3ymphotd pmssucs ramoveA l aﬂys &itar nnbxgen 1nge¢t10n, the

3uue of untin(S 1mmunoglobulzn ﬂerum mar gdly rodueed the coliphage

neutrallmlng ﬂbmlity of thu:eulture supernatanbs, whlle ant1~19u ~w"’

'anrum had vcz lltule effecb, except in bhp Cabc of bone,marrow.r,A

Tt N&ﬁ cmnojuded frmu'thas r@&ultﬁ Lhat lmnph01d

.Vlfsynthcslua under bhe oandxtlong Of Ln vxtro cutture antlbody

'QS,;sfp:esent@;nyth@]s

erum.f},
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”Vu;' 0f antlbOdY of the 193 1mmunoglobu11n type-“n

o The effects of mycobacterlal adjuvants on antibody

" produetion have been extenslvely 1nveat1gaxed (see Rev1ew). but

isuch inVestlbations haVe been concentrated on the detectmon of thef ‘

TS 1mmunoglobu11n type, and no investlgatlons have been

”publlshed on the effects of suchﬂgdguvants on the productlon Lo

.‘of lQS 1mmunoglobulin antlbody 1n the gu1nea~plg¢f The technlques:?;"

':“of 1mmunoelectrophoresls, quantltatlve preclpltln testzng and":

Sbluble protemn antlgens;do not stlmulaxe the prj uctlon“{ifé-3

,'radlo-immunoelectrophore51s have failed to:detect any 193 antibody T

1Lproduction apalnst ovalbumln 1n the gulnea-plg (Wllklnson, 1966)

.'The ch01ce of antlgen for' this study wos dlctaxed therefore,t”‘ﬁi%.n;

s by the requlrement tham 1t should stlmulate the productlon of

fboth 198 and 78 1mmunoglobu11n antlbudles 1n the gulnea—plg. The

‘”?antlgen used. collphage ¢XlTh has been shown to stimulate the
=7?productxon of both 19S and 78 antlbodies 1n the gulnea-plg (Uhr & R
‘ 1Finkelste1n, 1963) Thms antigen hus aeveral other advantages: 3

”‘“l i; A hlghly sensltive technzque, the. bacterlophag

Tff“neutrallaatlon teat, exlsts for the datectzon of‘”n

'bacterlophage neutrallslng antlbody (Adams, 1959) T

f';’ffé@,}ﬂelatively small amounts of bacterlophage w1ll atimnlate‘;ﬁ;ib;

o ;?;;fan antlbody responae 1n the guinea«plg.;iy

‘“~HCollphage ¢X17h 15 ea81ly prepared, and a constant .

A"supply of fresh antlgen for 1mmun13atmon&and antlbody

" estlmatlon can be malntained.




li;ﬁl

u‘féThe 1mmun131ng dose of colzphage ¢X17k used throughout these S
L‘ﬁ;;experiments was 2 x 109 PFU per anlmal. This probably represents

;ﬂ 0-25% of the total number of collphage partmclea inJected.; Thzs
fdose of antlgen conalstently stlmulaﬁed the production of

f;antlbodlea of the 193 and ?S 1mmunoglobulin types in all

'fianimals 1njected,

*Experlmental Methods. 5¢;f§f}:;gg} f

1"ﬁlfant1body.

The neutralisatxon of most vxrusea by speclfic'antlsera

“Effollows flrst oraer chemlcal klnetics."Such neutrallsation

:;follows a logarithmic course wzth time (Adama, 1959). Th18 has

'Aibeen shown to hold good fbr a number of bacterlophages, includlng‘
‘ fcolxphage "PC. (Halmanson, Hersehey & Bronfeubrenner, 19&2),
:actlnophage (Bradley & Watson. 1963), Tueven bactermophages of
ﬂL. coli (Podor, 1957) and collphag ¢X17h (Uhr % Flnkelstein,

1963, Brown & Patnode, 196&);“;These studles have’ shown that the

'-,rate of neutral1aation of bacteriophage by apeclf}ﬁ;antlsera 15

1ndependent of the absolute bacteriophage concentratzon, that

'the courae of neutralisatiOn proceeds logarmthmleally thh t1me, and

'f:that dev1ntzon from logarmﬁhmlc neutralmsatmo“{oceurs only when

. the reactlon 1s allowed to go beyond 90-954 completlon.i' ~i* o




In ver'of rcports by Uhr end Flnkelatein (1963) and Bowman

{fand P&tnede (196&) tha not al“:preparations of collphape ¢XlTh

*j]w;would show logarithmlc neutrallsation. each freshly prepared

1*:j1buhch of coliphegef¢XlTh was tested agalnst a standard rabbitf

"'lantlaerum, and anv batch falllng to show logarlthmlc neutrallsation

waa discarded.‘ Out of 21 batches nf colxphage ﬂXlTh prepared in Té?gf'”

t‘ithls study, h were dlscarded for thls reason.

The k values obtamned by the bacteriophage neutralisatxon -

ﬁtest are conatant for any one antiaerum.(Adams, 1959; and see _5;

ITable l) The k vaxues are not a direct meaaure or the antlbody R
_content of a serum, but a measure of the rate of the reactlon

fbetween entibody end hacterlophage. This rate of reactlon 15.5fv7~7;:

-however. alrectly proportlonal to the antibody content of a- serum;h
“and the k value can therefore be used as a means fbr comparlng the 7‘
antlbody content of &ifferent sera. o | |
| Such a use of k values is 11m1ted for tne follow1ng
. reesons. The capaclty of unlt amounts of 1ndivzdual gulneampxgi3§
 31mmunoplobulin antibodles to neutrallse bacterlophage 1s not .
Aiknown.' Flnkelsteln and Uhr (1967) have shown. in dlesoclaxlon s
studles that guinea~p1g 198 antibody has a: h1gher bactermophageﬁj?-;
“neutralising actlvity per unit weight than TS ant1body. No 1n-i§l’”'iﬂi\

formatlon 18 ava1lab1e on the realtlve act1v1t1es of guznea—p1g“f?

o 7871 and 7872 antibodies. The k values for one 1mmunoglobulin fgfﬁi{

‘$'jtype cennot therefore be dlrectly compared thh those for another.ﬂjf.

F['ra gfj'fr;{fFurther, ciruumstances'are optimal for the detectlon‘of 195 SR




',;ﬁantlbody because of the extreme senaltiVLty of the test and

'»!because of the greater avmdityﬁuor bacterlcphage 01 19 than 7

'3antibody par unit welght of\immnnoglobulln.A Bor these re&sons .

‘ijplt 18 only possible to comparv)dlrectly k values of Sera taken

';.ﬁat the aame tzme after 1mmnnlsat10n when the predomlnant

~;?1mmun0globulin types with antibody act1v1ty are szmllar.;:

k‘ﬂédeacrlbed inéthls th391a are}standard. 7weparat10n of 19“

ﬂggconflrmed by,immunoelectroph resms.‘ Gel—fmltration haa een shown« L

wto be a saxlsfactory'method fbr’the separatlon nf hlgh molecular ﬁ

! :':;WEIghﬁ 1mmunoglobu11n& from those of low molecular welght

L f(Klllander & Plodmn, 1962; Wllkmnso“'&fcarmlchael, 196h).~

”*“J;bep‘ramzon of gulneaupiaﬁvo and Tu immunoalobulina
, S ¢ Bieciby -

L was flrst aahieved by ion—exchangefch}omatography on DEAI cellulose

:,uslng & gxadlentvelution technlque with 1ncreas1ng molarity of
*7pho:phute buffer (uhlte at al, 1963). In thxs study, stepwlse

'elution technlque, using phoaphate buffer of three different molar

| “:?strengths,'

#a fu"ed, a8’ describe& by StewartuTull et al (1965). o

i’dropaorab¢u analyuis oi the T&T' and 7572 fractions

‘“aif‘thus obtained.jghoweﬁ bhat Whll& :ure '3‘8-’,.2 fraetlon was ?*““




'5>7fproductlon of ]&‘aubunxts 6evozd of antibody act1v1ty (Deutsch:& -

'<ﬁﬁobtained by stepwlae elutlon, tha 7511 framtlon contalned a smallAffﬁ

*3proport16n of 781. 1mmunoglobu11n, und 6" large number of other ST

sterum protelns., ‘A 19 1mmunoglobulin fractlon was alao
l'“§¥dbta1ned by thls methad." Antlbody activ1ty 1n these fractiona

ffwas estlmated using the bacterlophage neutrallsamlon tast.

Antlbody act1v1ty due to 19 1mmunoglobu11ns was also |

w;ﬁdetected 1nd1rect1y by the treatment of whole aerum wmthﬁdﬁfﬁf*v“i“i

-f{breaks down the dlaulphlde bunds ofllQS anhibodles, wrth the:sffg;, :

g.e-aggregate non-speclflcally on th@ rnmoval of the mercapto--ﬁl')

\V;'ethan°1' bt thls can be preventedLby dialysis of the treated 3’ ”‘” |

”‘<fshown,.howuver,'that the lnsa of antibody activ:ty 15 permanent,f

?iwhether or not 1odoauetamide is uaed.

”fEXPFRIMEﬂTALiﬁﬁsuhﬁé"

”-fThe affect of mycobacterlal adjuvan&a on anblbodv Qroductlon to"

>:Tcollghage~Q§LTh.,

12Vﬁf2~mercaptoethanol. Reduction of whole serum uaing 2-mercaptoethanol '

hf%ﬂjMorton, 195T,~Grubb & uwahn;“1958 Knnkel, 1960) : These unlté‘may

”ﬁ~fserum agalnst 1odoacetamlde. Wllklnson and Carmlchael (196h) have

The requts obtuxned Lrom 1nveqtlgatnons of the effect:g ‘

l of myaobacterlal aaguvantm on the praduct;oa of antlbody of
;rdinerenL 1mmunoglobu11n clasaea ugaxnaL collphupe ¢X17h show x
‘ magor dlfferenoes from tho e obtalned uqing qo]uble protein

ﬁfant1gan$. Agalnat baeter;ophaye, eil anlmals produced




;?;neutrallalné antlbmay of tho i9 Lypegidﬁﬁéétébte 8 a&ya aftor
’?iéimmunm@atlon, uh@n antlgcn uas ingected ln sallnm or 1n water~¢n~011
‘E:iomul ions wmth and without added mycobauteria. Purther, 21 days

Igfafter o sxnglp 5ngeab3¢n of"- bacteriophage 1n salmne, TSTJ and- :

;TQYR antlbodnaa wera prpsent Ln tnw serum of 1mmunlsed gulnea~p1g8¢1

The use of w&ternln—oll emulslons 1nereased the antibody ccntent

;ffirom anlmalm 1njectcd w1th>bé§terlophage in aallne only. : Theifl
Af;addltlon of mycobacterla ta such emulslons reaulied in the
"{productlon of the h1gh@at antlhﬂﬁy 1@V@ls, wmﬁh increase 1n the
ﬂfantibody ccntant of both (STi and {STH 1mmun0glebu1in fractions.
;); ._ Whlte and hiﬂ colleaguob (White, 1963, thte et al, N
_.:.1963, 196!4; Wllhinson & White, 3966) heve shown that thie
productxon of T%YQ antibody abalnst evalbumln in the guineanplg 7
eccurq aftar 5 single injectlon only if ‘the anbigen is inJected e
xjmn wabernlnwoil emulslon contalning adand mycobacterla‘ If

”,myeahaatarxa ara omitted from the injectlon mlxture, serum

,,,,,,

_antmhody levela aro lowar; and th& untlbody produced is of the
>j;a?STl ?ype excluslvely., This is albo the case when ovalbumln is
'_?1ngeched in 3aline.: S;mllar reaults ‘were cbtztned by Benacerraf _
"ret al, (1963) Ax o time ‘in thesw experlmenta wua 195 antlbody
.-agnmnst ovalbumin anteetea whbther quantibatmvo preuipitzn |
testzng, immunoe]eatrophoreais ¥e32 radvo«tmmunoulactrOphoresis o

- (Uilklnson. 1966).

After nost mabhoas 03 saluble protczn antigen inaection,




TN

ffltha guaneawpig rmspanda;prineipally by theﬁprcaucblon of:78117

ant:body. Thls haa hoci ,iwwn tu be the c&be 1or ovalbumin, o

‘{fhuman unrum‘albumin and dlphther:a tat01d (White at nl, 196h-§fi"

:melkanon & Wh1te. n966) ‘Simllar results huve been obtalnedf

ﬂfor antmmhapten antibody (Benacu'raf et al, 96J) The results

i;yef’inveatigationa uming bhe O—antipen of, 1nnavt Lscherlehza aoli

B cellsrshowed »hat the predomlnant antlhody producpd waﬂ 78T2

»~' loch wt al. 19& ). Ag h&s baen shawn in the

‘3u81ng wator 1 ¢i.enuls1ens 0f anbig@n wmth and wmthout added
.imygohactur;a wer not smgnlfzcautiy diff@'cnt.i Thvm 18 the

jflr b remmrt of an inVGst¢gatlen mf the e¢fee$ of mycobacterial

l;adguvaﬂts_an : E.raduubxon 01 193 untlbody in the guinaa-plg.._,'




"3f“=”here are Lvo possxblg roason 1or Lhe appurent 1ack of;;» R

L

'4¢ 193 ano;body renponse agalnat 8olubJe DPOLPIH antigens, Whlch }5-

ﬂ;occura Ln qplbe or th ruct LﬂdL 199 untlphuge antibody is

8 w;lar'hdduvnnt mlxburaw. Fm:au, ub diﬂcumsﬁﬂ above, the

cond¢uion“ For the d&tuctloa or LQu ant;hodyo_ d end,'ﬁ”r”<'-
zpartzeul&tc unt¢gan3 atlmulate hlghev and mere p*olonged 198

’fxeSpcnbes Lhun are amta ned usxnb salubie proteins.3 Bauer, Mathles

Jg'and bamituky (1963) found thuL Whll? a'qxnblu xnjectlon of soluble '
1‘»probe¢n 1nuo fﬁbbltﬁ resulted 1n an lnmtlal 19 response followed

:,byiagmcr prolonyed 73 veaponag, repa&ted ingectea o? salmanpllu

j¥0-dﬂtlben resulted in a 198" response gnly.~'Turner and Rowe (196h).

~ ﬁulso shawc& a subbalned LQS feuponse tc almonclla t[phl Onantigen'

v\1n man.' Torrlglanl and homut (l96h) uhoweu hhau acryllc reszn

partlcles co&ted wlth thyroglobulmn ywaducad%u‘m'Ln°"

;1,and bustaxned lQu respcnse 1n rabblbs thun dmd Lhyroglohu]ln

‘21n soiution.

Bacberlophage ¢X17h lﬁ a relatlvely small,parblcle, w1thr'
'fa dlameter of 825 K (Trom&ns & Horna, i)él)xﬁﬂ}he 1nmunoglohulln

r'irebpcnde &Q&;hJ ‘1&5 uud other'small vzrua particles may be

"{eqpecbeﬁ to resemble more LlOb&ly ’he ra ponse Lo soluble R‘fﬁf';




. human qera.» Tokumara (1966) notou an 1nmt3u1 riuu in IgM

&1mpl'x viyas in man, buL Eatﬁr ebserved

: s‘idnbibody a&ujnst nerpes?

;fa prcdommnqneo of igG ﬁnd lﬁﬁ_hﬁﬁlbO&J. The product;on Of early

' f?l9% antmbudy, Iallowed by T ﬁntlbody, hus baan observed axter
“iévs'ﬁgJo Jngaculmn Ql oolxphage ¢f1{h both an gulﬁﬁ&*?lﬂm (Uhr~-*{’

o Pinkclatein, 1963) and thﬁk@ﬂu (heaenqulﬁt & Camvbvli, 1966).5

iIn Lhc ehlck&n, uhe antibou;zraaponse to eo];phage ¢X17h Bhows

A
—
v .(

,anmntarmedmute pouLL:on betwavn ihe resyonse to sheep @rythrovytﬁs

“E 1& haman serum albumxﬂ. “he reﬁponae to ﬁhﬂbﬁ erythrooyt&a

'»‘,Q;& iound to be;entiroly 19& antlbody, that La human serum

' albuan enblruiy I% antmbody, and the response to coliphag

' ;uhowad ‘an early 19 Lomponant, whlch wasg rapidly superceded b&l
';u r& untxbodJ raaponse (Flemlng, Munro & CuperlOV1e, 1968).-'-.
VV Therlmmunlaatlon of gulnaa—plga w1th“collphage ¢X17h
‘;1n watev-ln«oll umulslon resultud in the presence of neutralxalng
V-7€anb1body in the 19 1mmunoglabulin fractlon of ser& taken 3
.days lﬁber.‘ Anbmbody'w¢s noL prescnb in ths fraction of Bera
;ffom'ahimaiguanaeeteq wmnh antlgen in sallne._ In thls uase,‘only
T8 antibo&y-wgﬁ‘deﬁeéted. ’Thls wes shown by 1nvest1gations
‘on‘ﬁhé»lQL frogblons obtaxned by DLﬁL fractlonabxon of sera,(and
fby the Lffcct or:°~mercaptoethanol on sera Lakan rrom anlmals i;
;-al days axter Ammunlsablon.{.f“ .

It hae been suygeste& Lhab the Lontlnued synthesls of

'ﬂ319 anﬁlbody 13 dgpendent on a maintalned antlgenlc Btlmulus .i'w*

N(Uhr & Flnkelsteln, 963),f aych.uﬁst;mulus-wquld be provm&aﬂ}by,:’}_7z

©oaeLn N




-J:-‘\,for iurhher pro uchman 0, l) ant.:z.‘body. Lf this m so, then a |




'leLh cclmphagc 1n allnu faule&fto:dcvelop ﬂuuh a reaotlon o

fftha ease o";

0 dnbigense. My




:Stronp
corneal
reaﬂtton

Moderat
cornmal
reaetlonL

Negatxve
‘corneal -
reacbion.




fghypcr nsib'v ﬁ to nolubte proh01n ﬂutabem incthe guideawpig 0 7

J*iimad nt be 89@110&%1{

to obhar aﬁbl;ens‘ o 'fff;'ff;{T}ff,aﬁif: S

7}%&1L0ﬂ of ﬁanhﬁmin’aL J99 umd { 'immun0globu1:n Untwbodlaq

'ﬂaga¢ust eolmphare ¢Xt7h An Lho gu&nummnag.3

LymghOLd tlsaue fram buLnuaﬂp1gm‘nmmunmsLd wmth a8

f:¢ q3ngLL 1nsoctlon oF collphabl4¢XJ(h in adguvnnt msxtures and

*j*sallno woro sbudmed 1n vmbro 8 and 24 daya aft@r 1nmunlsa_[on,?“”“‘

'fgwhen Lhe p?eaonlnnnt, 01rcu1aL1nb &ntlbOdLLa vor OL Lhe 398

Qjaﬁ@lvat coltphagv ¢Xl(h conamabenuiv appeurod 1n the unernntunﬁ%

i oE lvmphOAG uissue cu3ture at both Lh@ﬂ t&mes Tham the,

'ﬁneutralxélnp actzvity<obaerved wae due to the synthe is of
apcczfic antlbody B7$upported’by.theéﬁolldvingloxpgriméntni : fi
ev¢dencaz o o - ”‘ o L

}, ANeutralasahmon of cotlphagc by culbu o= oupernaﬁaniq PromA
lynphond biqsueq of 1mmunabcd guinea=-pigs followed first
ordev chemac&l hlnebicg, a8 @1& noutralls tion of

-eoJmphage by &pPOLJlC anLLaara. |
T2, Culburc of Jymphoxd blbsueu in the presence of tha
'-1anL1mebab011te puromycmn, ﬂhmeh 1nh¢b1tq DN&udhpendaﬁt

.;RNA dynihenld (Yarmoilnsky 8'39 La ﬂaba, 1)59)a provented

'_f,;_hhe appearanﬁe OJ neubrnli31nh autixty apainst coJiphage.'x

‘1xtraoblon studxca on lympn01<:mquucs before and after' :

"ﬁi',ln vxhro culturc ﬁhoved Lth:bhc COLiph&gv neubral;aing?w'




tl;ﬁu& nuitu*éﬁvq&ﬁfthgf@';. due o the uynthe

Ufantrbody ﬂurlng thu ygrlod afgln vitra 1ncubab1@n,f:,

aiﬁ Aq neve'qaryato_oonblﬁev how far the ynthaqlu?of?

Qfﬁanbmbody by lyﬂphold tJSun vxbr can be compured with thelr

mm-

actlvluy Ln vmvo.' ﬂ%ny'WOYkﬁfw:h ave. demanhavahed the syuthesls

anhibody;py-iymphmtd tis*ua 1n vitvn up to MB huurw after

'oveveﬁr studve& on th

Wxtht

6&? i”bﬁ)
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experiment s ‘desciibed whove were incubated ‘as small fragments, and

.- nob as cell f.misjé‘énsié‘:m.

hough it Lﬂ poammble thab uhe emndltions 6? cultura '-‘>,%
'T;nght altey he)abxizby o? collu to byhbhébl&ﬁ antzbodyg lymphOld . é
fAitiﬁguam”ﬁgr_‘nggg.beginvca yntho 5&@ unblbcdy without a. notlceablei t .
lag porzmdg and maﬁlmal anhabo@y pvodachzon otours. wlthln th@
’*fh.:flr&t 6 haurs of 1ncubai10n (van Furthy A96ﬁ). ?urther, the
:idLu1Vlty of varlousvlynph01d tmsgues Ain the 1n Eikxg.uyﬂﬁhaglﬁ

of antlbcdy can he corrclaﬁed thh tho numhe& ef antibody ,'1_ _ ;

prmduang coilﬂ presenL in buch th ues (Bagfamus, 19h8&)  The$e
rasultﬁ_éu;geat Lhat thw LLSQHG& are c&rrvmnb on Wwith thaxr

- noxmal fupcﬁlona

Iﬁ tﬁé!exp@rim&nté on,siteafof synthﬁsiﬂ of iﬁmuno~

globuline, mntlbﬂdlbﬁ against coli; n&ge, it has been shmvn
A beat net synthesws of antxbedy occurred dualng the perwod of

mnaubablon,'hOth by extractmon‘s%udles, and the use of puromycin.“
‘K\Furuhev- Lhe coﬁulﬁs of exbractaun qtualaa before 1aeubet10n of
;tiaaues showed & Blmilar albtrlbutlon of antxbody content “on &
*J;unlu welght b&m&&a to 'ham-ohserVQd 1n’culture“ﬂupérnu$ants';v‘ Y 'i
’ iafﬁgr incuba%iaﬁy In vncw of these vﬁsultq, and Lhe obse%vattons

ofrbthéf;workéré5 §t ié.féafaﬁmble to coucludo thab hhe acthLty of
delffeyent lymph01d Liba 1 Lhﬂ synthecxa of dﬂtlboﬂy in vmtro

‘igtgvf“ r zeflgcbaon -of the 1n vivo &cbivmuy of the samé tissues.

It is therefore posaxble - comp&?v tne r@lab1ve

/ZiMQortance af 1£Ecrent lymphOLQ LA“wuwa in the synthesms of

A

ntxbody by 1n vitro culture methods.” Thlﬁgh&g been carr;ea'gut




hfij unaer the same conditions. Antibody was measured indlrectly by

~7ljf§30 mxnutes by tissue culture aupernatanta per unit weight

*EAEaneutralxsing antiboay

168

omparlng the amount .of antiboay produced by

m:dmfferent lymph01d,tiesuesﬁfrom:the guznea—plg cultured in vxtro

u:7;determin1ng the‘number of coliphage particles neutralxsed 1n

V\(O.l gm) of tlssue 1nedbated.~)f5:f
Blght days after immunlsatlon of gulneaupigs w1th

' ;coliphage ¢X17h bone marrow waa found to be the lymphoxd tlseue';

'z;most aetive.

on a unit;welght basls, in the syntheais of oollphage

fihis was the cese whether antigen wes -

1??2injected in water‘ln—oi‘*emulalon w1th or vxthout added

FAmycobaeterla. orfln sal ne.’fSpleen was. least actlve on & unit

lfgfweightxbaals. and lymph nodes”showud an_actlv&ty intermedlate

nge~ween that of bone marrow and apleen.:fThese results are
isummarised in Table 17. The antlbody present in lymphoid

:”tissues at thlﬂ tmme was of the 198 immunoglobulin type, as.

, :waB shown by ltS sensitxvity“to'treatment with 2~mercaptoethanol

v o b ot <0 5 4 bk he ke

:Jfand specific rabblt anti~guinea-pig 198 1mmunoglabu11n antmsera.
- The lymph01d tlasues found to be most actlve in the

ﬁ?synthesis of collphage neutralising antibody 21 days after antigen
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CPARLE, AT -

Mean dlstrlbuxlon of setivity in the synthesis of ccliphame%n7

neutrallslnh antmbo@y oi NE rlous l{ﬂph@ld tl&ﬂueb, relative to the

"Lhonolatcral 1L1uc nodes (100%), on_a unxt welght basms, from. |

.

‘:fu1nea~p1 s 1mmun13ed d davs nr@vaously w1th collphage in  {?f“¥_-

’;@adiuvants or sal:nP.

_ Mean aynthe31s / 0 l b tlssue
Homolaberal bontraluteral 3

= Groupt i 7;%111ac node : 1liac node'ﬂg uplééh QanéﬁMarrow;,[’

V[0 emulsion

'+ mycobscteria . . 100 0198 16 o727

W/0 emulsion

| AP

Csane ) w0 ael o 1

 :Salipe‘(f60f§éd)i_ 100 ‘“99_":;f1 i ‘§2;j"?5 §f§
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”1ymph nodes homolateral and contralateral to the site of footpad’ql“*
(1njeet10n was afrected by the use of adauvant mlxtures. In K
anlmals inJected with coliphage in mycobacter;al adguvant v1a  f5fi
the footpaa, the- contralateral iliac lymph nodea showed & much
 ’h1gher actlvlty than the . homolateral nodes, on a. unzt weight
basis. Thig‘yagztrue to a lesser extent of the aame,tlsaues ‘
from animaiéiihjécted'with’cdliphage in water-in46£1ﬁeﬁﬁlsiOn;_ﬁﬁt
| in animals 1n3eeted with antigen 1n sallne the posltlon was ;l;
reversed. These results ore summarised in Tahle 18.. Antlbody
:actlvity in such culture supernatants was not susceptible to
:;treamment uith specaflc anti~gu1nea-p1g 70 aera. ahow1ng the
iAantlbody present to be of the T 1mmunogldbulin class. U

The srtea of ﬁyntheals of T8 antlbody agaznst collphage
'¢X17h 1n the gulnea—pig, 21 days after autigen inaectlon in ) C
:vadguvant mixtures or in sallne aze 81m11ar to those reported by
JAskonaB and White (19;6) (see Figs 8) and Askonas et al (1965).
These workers shawed that 21 days after injection of Lulnca-pigs‘
' in the 1eft hlnd footpad with ovalbumln in mycobacterial adauvant,
1th3 lymph01d tlssue most actlve in the synthe51s of antlbody
aga1hst ovalbumin on & unlt welght basls were the contrulateral
’111&0 lymph nodes. These workers also ahowed that bone marrow
lshowed Y hlgher synthetio actlvity under these ulrcumatances th&n
«ﬁdzd spleenfor hamolateral:iliac nodes.. This dlstrlbutlon is
xffessentlally simllar to that dbaerved in responae to the inaectlon

of collphage in water-innoxl emulslon wlth and w1thout added
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iT3
‘imycobscﬁerma. f:-x'
el - In snlﬁals 1nJected with collphage in saline vza ihe
'ifffootpad, the dlstrlbuxmon of synthet1c activity was dlfferent. In
;this case, the homolateral 1llac lymph nodes ahowed a slightly
R ahzgher act1v1ty than the contralateral nodes, on a un1t welght
*fbasls. McMaster and Hudack (1935) showed that lymph nodes
Treglona;.gc'the:slte of xnjecticn of antigen prcducedvantlbody
. eariierfesdiic{greater quantitiea‘thac did 1ymps‘ncdes‘mcre
:dlstant from the slte of antlgen injection. {éhe distribution of

ﬁnsynthetlc act1v1ty in these animals can Lherefore be considered

: fthe normal response to antlgen 1nJect10n.' The altered‘distribution

‘ afof synthetxc act1v1ty seen in the homolateral and contralateral

~iliac 1ymph nodes of an:mals injected wlth collphage in’ sdjuvant
'mlxtures can be explamned on the basis of the tlssue response to
'the 1nject1on of such ad.juvantsa Suter and White (1954) ‘and
:-Whlte et al (1955) demonsbrated pronounced hyperplasia of the.
jregmonal lymph nodes in gulnea-plgs injected with mycobecterial
'Jsdguvant v1a the foctpad., Thls hyperpls51s was found to be
'due to intense macrophage prollferstlon, with complete dlsruptlon
.:fof the normal architecture of the noile. Few antibody containing
: cells are seen 1n sections of such nodes. Under-such circumstances,

c»the low aynthetlc act1v1by of such tlssues on & unlt ‘weight basls

',,f:ﬁxs easily understandable. However, the regzonal lymph nodes

: 'which undergo hyperplasla we;ght from 412 times a8 ——

--tﬂ[as thelr contralateral equlvalents. If the tlssue culture activity
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1 =l
DR

'ifof Q. porulon of such a node ig. aeprcsentative of the whole node E
3 ”@fthun Lhe uoLal eontrlbutxon of 3nch\0r{an3 to overall antlbody

“”@fiproductlon vi]l be 51gn1f3cantly hmgher thﬁn Lham ot any other f‘

‘50 h9 Lm and 0 07 gm resp ctlvely._ On the b&sis of the mean unlt R

: yﬂ‘nlwals71u3ected wlth soluble protein antlbens.a They

’:“ﬂ‘*conciu ad that‘ﬁone marrow mighi conbrlbute up to SOA of the

"fpoverall caiculeted.antabody svnthe51s, because of :ts large mass

fﬁrelatlve Lo*the~ohher lymphoid tissues;ﬁalthough on azunlt welght

‘ fbasis thc actxvxty of the bone marrOW‘was 81bn1f¢cant3y lower

Eithan thut of the lymph nodes. Szmmlar reau]ts weve obtalned

-: 12n rahbits by Bkonas and humphrey (19 8). By the same tohen,

‘ﬁlf the actxvity of the txblal% éhe” marrow Jn the preaent sermes

"f:of experlments is repreaenbat:ve of! the total bone marrow, then

fsynthesin of 195 antibody agaxnbt collphmpe must be a]most




rely due to the synthetlo

?fepﬁi aeﬁ1v1ty of. the bone marrow.~

"auyntb anb oF antabcdy by bone parrow eulturcs Jn v1tr0

oueve*; such svntheqaq has

i

shswed, by B comblnat Qn'of LL suo gulture,

' ~f1mmunoelectrophor951s and;autoradiugraphy, that humun bono

‘u”marrow was able Lo bynth331so all Lhree maJor clmsses of 1mmuno-

,_&]obulln (see be. 9),’ Bone marruw has also beeufshown to'a'

ujproduoc antlbody by'ce.lxtransfer ehperimentm (Portcr‘& Couch,

. ‘;.)»

‘f1959; Porter et al, 1959)




- are

F'IGURE. 9

 Bynthesis of immunoglobuling by formel huwen tissues in vitro.

 ';. o ‘(froﬁ #aﬁfFurth,11957)

- g | Autoradiography
- Organ S Ige o Igh | Igh
- Spleen o " ;ﬁiw+A ‘ o ; 4
- Lymph QOdg . ++ T +
‘Bone marrow I g o+

 Thymus S {+) .

The-inténsigy Qf‘thé autoradiqgrapﬁic imagé i3 graded from :
| - = ﬁeg&@ive
(;) ¢ just vieible
6 -

= very dark




"1arge volume of prevjous work on this toplc has been concerned

\'prlmarlly thh the eifect of such adauvants on 7° imﬁunoglobullﬁs.
‘The work of Whlte et al (19(3) and Benacerrai et a] (1963) has
ghown thah the use ol mycobacterial &dguvants prefexentially
_stlmulates the productlon of TOfQ 1mmunoglobu11n antlbody |
agalnst solubla protcln anilgens in the gulnea-plg.‘”ﬁo 
1nvest1gatlons have been publlshed on: tho effect of auéh‘édguvants'

on the productlon of antlbody of th 19% 1mmuncglobu11n type,

In uhe preseni thesls, thﬁ effect}of'mvuobacterl )

aﬂguvaﬂbs on ihe antlbody productlcn 1n &11 Lhreex;mmunoglpﬁﬁlih55i

fclaases or Lhe'&ulnea-pig has been expLored.:a

'th&t hlS effect is 3pe01£1c for‘lmmunoglobul1n class.'"




emﬁmbody xms of that pcwm.cul ax: ‘Lype. 'J:‘hese







~‘:fanq (b are unde

'(Uhf-& Finkelatéin,,l963). Tt has been shown that the décay
ratn of circuleting 198 entibody is very 31m11ar to the rates
-Ioﬁ;gatabollsm\ofaaﬂtlgena. This haS'been shown for poeumococeal
polysaccharidé«ih the mouse (Sl k;nd & Paverson, 196h) and
’Heterologous serum proteins in the rebbit (Richter et pl, 1965).
Further, the level of 198 antibedy stteined in the eirculation

‘18 proportional to the anL:gen dose. This has been shown using the

:somatle antlgen of Salmonellae (Landy et al, 1965) and collphag

~;-_¢x17h (Uhr & Finkalatemn, 1963) ‘These flnd1ng° h&ve led to the”'
"?hypothe31$mtha£*the/produe 1on of l9u anmibody is. dependent |
 0n the pLPSlatvnee of clrculaunn& anbléen whaoh conblnuously
';.xwamcqishorbmlxved anbibody produclng Lell&., | R -
PR Furthar Uh£ and Plnhelntoln (1963) have uupplled good?->

”gvadence fov thn lack of a mechanldm For '3mmunologlcal memory

lbhe ng anulboay-uyutvm-;i

These resuibb,ﬁand'tha resuLLs Lrom Lho 1nvest¢gat10ni;

,here presenLedi-arguc that Lwo dldblﬂOb populwb1ons of eellq ar

"‘”iuconccrngﬂ Jn uhe manuraebure oP 19 and {& unLLbodmes.j The= :

.  rebu1t& do” nou supgort Lhc concepu that the productlon of l) ‘

rtahvn by thﬁ some cells work1ng Jn a gequencc
 [0fF0arly LQS sucaeudad by ldter 7& produotlon (ﬂoasul ct al,

. 96h).- The actlvatvon oF tha two pogulabloua of cells wlll
:.Gﬁpend on Lhe oondltions bOVL1n¢DL access of antigen bo thc '
ftlﬁaues eontalnlng Lhese Leils. The bone marrow appears to be

‘the mador 1ocamion uf 196 produu¢nb cells, ‘ance thisg organv’

;gcksma,lymphatzq:aupply. entigen must reach it excluéively”f Q;:ff




'Qﬂby[haemé$0géhebuﬁ‘diséeﬁinaﬁidﬁ}' Tth Loncept is supported by

lwﬁCannty of bone marrow rom dlfxerent

MJT:tlbOdY agalnoh oolxphage. _If<a

'to_bh@ bon marrow book place,

_\hjéqtéd;iﬁ<Wg§ér¥1' 011 emulslon vlbh added

Aimostilmmedlateiy lnto the blood

Thé3c6ngept of haemumogencou% sprcad of antlgen as the

‘pntibody mynbh 13 15 also :fl_'

[fsupporb@ﬂ( he- abllnty of pa581vely transferred antxbody of

w}?elther~(u OV'lQ 'typn ho 1nh1b1b Lhe producb:on of 198 antibody
;1966).

1;n'exper1mental anlmalsx(b&hlar & chwarba, ]9Gh) (Wlazell,

'1¥8uch pas51vely bran 1erred anmibody would rupldly remove any

c:mrcu.l.atlnfz anta.y,en, bh\u 1:emov1ng, the st:unulus I‘or 19.3 antlbody

"ﬁlproductlon.

There 13 cons;derable ev1&unae to aupport the view that

2198 and T& anLibodlem are puoduced by cparate cull populatlons.

ﬁAth (1960) hag &hown Lhat in’ Lhe Jmmhdlate neonatal perlod,

3.1human chlldren oan mountAd 19 anleody TGSPGn 9: but fazl t°

'“ﬂ“produaa'afTu roﬁpon ehunb&l & lﬁdﬂt bwa monbhﬁ of age. Such

m& ccll» or: plasma cell

,7?ffch11dron.do not_lppear uO h&VL amy p

ymph' node,s .

‘prep},r,rgc;:ﬁ 3,11 Kll] mul. ) ('L)o?) an)dv La" Vla, R




"‘Rowlandq nnd Blnck (19(3) have demonstrat@d Pntlbodv productvon,‘ f
:Ewrosumably of th@ l9 tvpes 1n the neon&ta] onossum9 Which
d.OGm not davelop p.mfsma c,e'Ll or g;ermlrm;l ‘cen'{:'.‘res .'1.1‘1 lyl:lphOld—.'

“g'ikﬁles untll some leo aftev bL?Lh., E chcnw ld (1963) has

4ishovn Lhﬂk thc hnman fochuv Ln utev can produce 19% antlbody,i'

',..

 .f}but Hok rb;‘ £t hah been | urgested Lhnt cell producnng 193

choenberg and hl?

i antmhodv aro no;fof th_'nlasma cell type.

11 agues (1)65) have desor&bed large MGHOBRCLPQT cells 1n the
;’sinu501d3 of thc ﬁpleen aq Lhe qource o? 19u anxlbody Jn thé o
dbbLL, nnd Curtamn (1961) dLSOTLde f%mllarucél;s 1n§hﬁmans
-v¢th macroglobullnvaaza.t
AntlbodJ produﬁtlon in the dralnlng lymph nodes 211

:*laays“nfter wntl n‘ hgect:on 1s llhely to: havc been st:mu]ated
(fb&gahtipun whlcﬁ trQVPll@d v1a the 1ymphah:c ysLem.‘ Tf |
rebentlmn of!/ untlgéﬁ.ab the sxte of Jngoeb¢on, wibh slow ;
ffelease to tho looal Jymph nodcn, lS an lmportant factoyr in
'fJédJuvanL actxon, a c]var deuvanu eifvct mlght be expected én_f
'mmabody produccd prpdomwnantly by Tvmnh nodcsg but not to th@
Eiwamc extenm zn bnne murrow to whjch antlben ig- probably raﬁldly
;dissénlnatéd*viaéthmfbléodétréam;t The: dlifnrgni effect cf |

i

' mycobacberzaj ndauvants and - wabermlanLl omuLn1ons of anﬁxgcn

?5§50n bh0 nroduotlon of aolwphugu nhuurall § rLLbody 21 days

iaffer“antlgen‘ JOCLJOH prov3d~ ¢Lurthc” quppowt for the

iuCUHC?DL thab uhO prjducblan oi 1933ﬂh¢“Tﬁ#an?lbOdiégjlﬁii

fee ubuervod by dlliOYCﬂL:pOpuL%LlOﬂS of cells,’




f
3 v
* ‘

. .
i
’
1
- X .
-

N ’
24
]
" ;

0
1
f . i

. L, .
- ~ G
: : B
#
' . y
. R ) .
. v .
¥, . .
( .
. )
’ o
y n
.

. v
v
.

Ta
B

R R
; t
: S ‘
X
s
.
’ 4 e

e




. Bawory Do,

&dn, (x.L., Nosaal. G.J;V !&ust:i,n, {,.Ml. f-':_ 196‘) in LR
o 'Moioculun um‘i bellular Pasis 01' ﬂnmbody

uommmmm' Qﬂ. J 5 «ailex'zl pﬁﬁl

U SR Lch.. Acad. ..,:ca..p s:mgue. ‘

7 Adomsyy M.TI. o 19,;? in 'ﬂactomophagos’ pl 1&;'.
S P < Inbex‘sm.mma. Sre

,‘:":.ﬂlmﬁ.SLQI‘l, u., ﬁwmnm;m, B,, T uronca, L,d., RS :

L ‘“‘Iwma.:, Tiiy g S196n ‘..J. sz,mnol. ﬁ_i '?&2

. Awiesy BT, S d959 iy Pathe Dacts, 21 ’1’55 R

L bmies, UWRG U0 ug6s 4, Tygs 60 &83
=:J\‘ul!f-:w:m».«a,! i% J . .i_ K o 9’4&1 . . ':{;Ilt“)?h Abav. 22 w;

.1 ﬁgArQn, .A,, Janlchi, B.W 19@?;1 : _ffﬁ%éwuc. aoe. e\p. ﬂlol.zgz'-"

N , . Meds. 1‘3’6 ,)18 ,
0 Auimrsaﬂy {r.lu . o 9555'" » ."~':'Y-""‘-'Mw- “501‘1‘1 I’Ee‘i‘ .&.. 1*5’7"
Aqhonm, B,m, éﬁunp‘iweys J IL. - : L e

S ' agye f:t..mch. a 6{3 250

:’Afﬂamma, }.A., Uiﬂ.brz, R G. ?})(j .‘ o :‘_hr.t.“cm J. cmp. i‘ath. _ -

. L . <o . o , ‘ &Zbi ,‘ i
. .As?.ékc,ﬂ‘!f’»‘;"i‘r: Bn-ﬁo,whl&;(} t@,,{}*’ 5’1115 11, ’C’ ST

963 SR !"mnumdwmw bry g 3239 e

A"'i.v"ﬁ‘mfra{ry, lu” ‘1‘}?6:&‘1&@@1&6; - .J‘ S S R T
TS SR RS ' S ...J,,--exzux:zzed-f w;&?lii*

: 19{#') ‘- -’:'?. '-:i_ i*cri;sﬁhr. Chem. or,{f,a,n.vv -

e , : s o Nn{,urstuffe 10 170
'_';_.'mselimmu, J,, Buc, I‘i., Jolles, i*” Lademr, K“., ,:;z;l,;];'

3‘{}58 o P“llo »300- (:h“m. .E:il)]..u'*

:t,_--"M,MrGi, &., Cuim, M., lioribata{ I(.,. Lexmcm, L.u.

v

PR G 195&_3-':, e s,m,b. uev. __‘5 .21:}
" j;].mx-m,e, J.U; ‘:{“oapm, {a.m. 1964'-:{' -

- botelolor, J

o:[n;, hOE.’» ,oi'. Nnﬁ. o c y C e
v L 6’.&_; EER -Iaec. Adv. Mezi. 2_‘
. f» e “mnmml., z.‘

J.s Ismumel. Q...))E}




faauop, n.b., Nahhia i H.J,, St

: ': Ldu(}r, bgbg 9 ;D'Lt Vi ‘Lﬂky; oﬁa 1‘903.

o .;Aflﬂe;ad_ixen,' {%,,‘ U

,Eﬂemer, G.Iu,, Oehm,
"!ﬁefwoy, Dl

i]],m, me, R.L,, I}mnvb, »,.“ ximlmmr, 3’:’;3}; .
S L ' : Natura ~__1___ 603

'--'Bj#i'heboc, Moy Goawluon, H., Lmadqv.ut; Fe

-Jn -

. i“-',

1965

96

/~”'

1{_‘7 : Eﬁ]ﬂi}ﬂlb’fbj .ﬂ.ul& , n}?(ﬁﬂl' }Ian ’ ﬁ@rah, R-hn !

1963

.19091

195k

1 9.}5

9’/

v.i. LQIY‘&?’ ﬂ. ﬂa

N exp. Med. 117 889"
" Proca: naba Acn@?‘ Seds

17,2667

ﬂ naﬁ.z}r:t.‘m, :ﬁq’ (}m.:l:*y, -zﬁq, 1‘&0‘31)* K.JQ, I‘K‘gﬂﬁ”lin, 13',0.,

. J. enpg liedl \' 2 9.57
‘Aota. path. microbxol.

T %caml ‘g_z

J . Iﬁuaunol g__' )99';
do IE‘hlluﬁOl; 21 23.&6
Jifgnf. is. 53 72

J fnmm ol; .25. l"’"l-‘

-ﬂ’Bloqh,rKthylﬁqmrilgEy,,} My Gvary, Lig'y Banaaarraf, By

ﬂ}}d.

.-_j‘.;}uwnmng B,,U.,t P@Lxmde, R.,.x‘}..\';"'f,
Pr{w‘iley, &.G., Wataon, DV,

A ii‘ﬂwky, Balis

. }mzmu b; .Mq |

a Bummb; F @'1.

- Bur Liﬂ, l .

» Carrel ’ A. ‘ Ingebm{vs uen, R. ,

_"nancjujrj’ J,’ }'I‘Glllla' J.’ ’
(Ghomsroun, Ifi.. L

""<': f?» 000’ cEQ

1965

1965

196k

1963
| 1934  

.--196é;f‘
1965

. {}8’15

1’:;'0(3‘ oo, eapn Biol
Iue(l. 11& 5. '

J_{.'«;"@vp. Med. _,_1 ?NJ |

Ty _Tmmunoh 2z 307

SR ¥ Imnuwla _}__, 762
-y Allergy

5 466

Mede Jo Ditwtralia i 1.

in

Brz.m Med. J. i 336

- i‘.im 1"ounﬂatiou Jym.

’Ce.ﬁ.lular Aspects of Izsmmmty’

Yolstonholne & 0-!_ Counor

Copellhe

RLLEN
19.»9»'. I
19&7 f  

196{') | R

| J.'ekpa zca. i& 87

_J. Imamnol. ,Q,Q '359
. ;M’far. Rmr.\ Tuberc. “
36,203 |
o J. Iznnuvml. Q_‘ 7&!&




by < 1

.‘,‘\ .

éo?;iéxz;;"“‘m P@&?L@m 1?..3?," }_9{}& TA*:W‘. Iu.mmmlu 1& ‘3’&%/’»;-;,'

- Golmm mﬁg Pm:‘,&:e&‘ ?ﬁgim pom o6ka .. ‘333"?}" J' 00" -1-
\,&.“"‘C@‘var, s Bl - Sl ‘j.BrMn,'Z;Z’&J
.{}alﬂvet'g Ju Con deu. R; ‘ 1959@ e :'.‘.."""N‘“"“W -11 ?3%9

Gy (‘lynn, Lae L7 SR

' s 4-;Contiol gy gty o
s 19_3),' ~;; 8‘ Qmi}h Nmi. 199 ’«%9 .

. e‘%:ﬁ»mﬁau&; ﬂ; P ecadds L :”"" By Boca Biol ....;2 “’% i

" ;.'A‘Qfswmu %x.M.{ Tmumam R. . 19655 s ey fﬂﬁmﬂﬂl* 352 : j;-\ ‘

: _!“ruaha.ud, ﬁ._a, ilo&seu ‘( ,.m,’ Gmig, J ,M. mm\:my, (}.A., ,
S T ztem,:%. mg D. i . 1062 T, cnxp. Mgzd.. 25 O
-0 m‘mlm (mﬁo W 1961 :Auﬁtmh J. gkp‘ Bml.:

L R L ot ,..z 39 i

aegam. m’s

Lgﬁ d;e}»pc iieﬁh _{’_52,2? _
; ‘rw:!'k}‘ﬁ‘[%ﬂ’ J": E:C‘.‘{i(ﬁ‘l‘i’ﬁ&‘ 3—1* X »”j : ¢ N T L,
S e el R agskT - GaRe: Soes B""l*

,,,,,,,,,,

im& 530

‘nssi,. Pas &eur e

Tk ey

?)gu"&sgeh,u,]ﬁ Mf.mtm&, J L,, ig‘""? -3.:.:_/5016110% .5_ 600

. _ ) ﬁa I P f-'“%'nmmwl.“ 1 1 l!::l
:' U Dienesy” in.t_ | R wzz%‘ _Ji\i',ﬁlmIRﬂOIQ 15 ] '4 _
- Dienosy is., St 1999 L "”finnnwml. 175 3.0
"ffi"ﬁ,):.eueg, L, g D \ 'iﬂ);”() , i
elmnheii,,‘ oWy 293 ‘?a 4‘ T
o L 19270 o Ja T
‘ fmemm, La ,13;’5?; 19 743 0L, ’
gy cheuhei'b, Bl 19)@ RS Itmuwml.}ﬁi
- biwn, 'I’, .A{”We,!.ble,;‘-'izf.ﬂ., Rubg,yt.g, A ..(3. R N
| - - o957 e 3 Tumnoly 856
o V1068 1 "‘1»3.&1‘!;1;3010857‘ g fm:; .
cL 1961 Nntnre{_g__ 1168 e
1965 - g ed by_{{mmf’ zmd'.l_\__ B

i}ienmg lx Sl

" Diened, s,

:-gf‘fiheﬁm, 1‘, s &hmﬁmit

i;}iﬁii@ 3 g

o "llﬁmmm* A‘f‘x-f‘ Ta
S “réj]!?‘f,%ﬁ&ﬁfxrg D W q

. | fL:i.ﬁthmlﬁg ﬁ.‘a.:

Fogracusy As




01y 98] o
 Chouy’ 230 2645
; ﬁ 3 l‘ ~ ‘3 .V (




‘ Gennema &1,“ ‘\R‘,_. m&imam, fi),;, Elhe‘lwmhm-, T
S SRS ) J.sm ”

lixemulg }3.{- mentmn"b, Im, I’eldman, 6.4‘« : PRI

. R S s mm.m m:.z 31 1007

o | mmy, A’ '.&'.., P@p{*, G.G., Wada;uwww]__,, Wallace, Uy
SR O ao

Gwa? R.ﬁag ?&pamm;ﬁéi buh.,";;.'g.~ C
,.%} :

g

L Gemdony Rey' o 1o e

Sooed

L i:\ﬂt‘it *L i .Ru;a}u ’ i

.lﬁﬁf.i’ Pui)a ’ _I{OL“VLQ gigp

(»1*@01nbor£~,y Q-:b‘ieiflt‘us}7‘(;~ﬁ o B | T

ealth 58 =

-',.'Cﬂ.‘of;?l‘ihﬁl‘&,f ., l‘lpnung }}..,. o o o e
ST o :ﬁ 948 '-*"Can. J. m;. ne,igg;‘;;ﬁﬁ :
_v'«é;mggﬂfst{;g%ri..';«,,;.., Monm. 1}.31.., Nmm, L,;«“{; . E AT ik
SRR e N BEE 530 T Ia;::11111¢319 6 «’ii ‘::.‘
V' :5—*:’”’33% ﬂ oMo Cau6n ‘ynmmﬁ y j_a,, SRR

'-'5"-&1‘ bb, Rn- mmsmg b- c “}584;- : .;Aam p:"ﬂ.,h, mmrobml.z;",: ::
flmlbemy oal‘-‘sg mu{k’i, Seg Smplons, TR onde (3 305

N Y“ ) . ) . 3}@‘}“6
,-ﬁv.i‘i‘l‘;%' Qw o 19)1

. Y .

, TS 'Emmmlol. ‘34 ‘1’391
"",Hp,wm, _ .No |

3 J. Immmml. 1__ 13'
.J. ::’xp. Ma. 100 f,.69
"HM?I"M‘ rﬁ'cﬂn 3 W, u” ‘iuswori,h, L”'im*r.l.s,f_%.

1 6’:‘5""” 319:;41111@10{,5:‘ 6 169

- =T

Ikmmfs. S.,vﬂarru}, i-.N- _} ’s{h

il

&

'P.m ,:ﬁmmo“ﬁer, n.., ihrris, m’f" 'i.

Horrds,
SRR, esa ‘,

r’

T ;_e:*»:p’?




.,H@h”&,oen, L. IS 439@70‘9,._;., Ja infe D:i.‘a‘.l_'{g"?& -
CDefbeemy Le o o . L1915 .. Ju indy Dise 9 103

| Hlolboony T w@:um, Wy A935. 0. Ju infe Dise 53 509
Hewborty Weda © 0 . 1966 | Mature 210 747
ovewanay Jo P 119!:«39.:.-, mm. Chiu,. Acm n 639
_"‘ky@m‘ma, J.f,, Jaeman, a ooy Voewn an, A :
B 1963 L. dy Tmuunols 91 11
'Kmhsoﬂ, b., i"arucar, XMA.,, wm Lby, 3..&;. BENN _

- 3%9 . Trite dy-ozp. Fathe
N S L ‘.:"’kﬁ 15 : -
"':"Hoehwrw;ld; G,‘HH AnoL skyy Ty if}mmu‘keg God, , ,
N S A96L, T d expe mea. 112& 459

.E?o't"wn, J.L«,, Emhsm.a, J.H, 1966 Fa “fminanol Q___iﬁ’i
oo }!I{)uﬁdj(ﬂ?! M.V,A,s;ebss,@,e; J 33 Pmrm, be ‘ o A

T 190‘ S . ngr. iﬁﬁrﬂinobiﬁffimﬂés
‘*""u:-,mm igory By Soblking B - 19{;:5 . Tobare 198 ¢
| ]‘Luphrey, Fallyy m.cla, Jue 1963 : Imammlogy 6 119
| 'liimuphrny JeHley Uz.::i.,w};a B4y 1“31 E -'ihmnmolm‘.;yl for © &ud._mﬁm

" of Medieine! frd edae

¢

S - , ‘, ﬂ'lA'B}.ackixféi.I",'.Ouﬁ.’bi’da
"’,I'?iu;si.'{:ex':,' .ff.'?t?'; ;:'.ﬁﬁé.elzéii- BeBey Hoywann, W v

L | :1950 S Jo .Irummal. :_5_ 319
. Tohinaliy ey l:?i;;;.u;mn«:@; Ty Hownbroolsy M.
: e ‘,'1966 - de h;anmml. ,_:2 7"
ﬁ- ;__faﬂ!ma, G.ﬁ., &uu m, 37 ey Rl mia,-,’ 11,8;;‘2 T \ -
o] U hustr, J;,mﬁpaf Biols
" ‘Vf"J‘almiaen,‘«;,A*: .G,.,»‘Gaineé;’- He , 'I;’{“Friy; Mo = Sl
e 1056 4 oxps Mode 103 295 ¢
- delios, Py, Sanote, Dey Dodevory M, - S
T -3',,962 - Avchy Bioohs Bwphys.
. . BN N D :}az,ppl. JL 205 ‘
30110:5;';;?{; omnour, 324., Lcdorer, e - LS
L 1905 IR %%gdh{fﬁio@hyai Aem ZQ




.....

E .v:-Haho,e;, Iwﬁ.., zmh, A., z“au m», A.lh. o Ve eaw e
g e "':,,;,.C'&Z ‘ T J.u..;a..bicih 88 !17 S
twé}?i;-*; 'ﬁé}éahezy A Dy T}ﬁ*nn on‘m‘enuer, du R
‘ e 106 o "[nmzm,:uml. ; "1 1
p ";:ﬁ RO "2196g;£;ff Wa hure 199 051 o
| Koplaiy, Myildy Geoig) Ty 1965 -y ‘tmmuml. Q___ 7m" d
Kmmln &1 s*‘.d., wn der .!. ,..:Jm;-‘f.{;i}'.’ T f T S 3
: ‘ Looon :193(}7 LT JQ m’n. ﬁlin. I\xed. éﬁ_
oo a1zmr, v.m 1 S i’m}a. mg.&. &1 381
_ wu Molas. Mvax'c‘i, L.c, . 41.9,;‘;,'-‘ R mmre 1232 1106
- King .M., Johs:dem? A.,M “3-9‘6‘5 Q;,, lnmmnol. 9{1 672
'z;:o,gauoff, “J..M.é opoa:u,u,f,, Myt e
o f}f'r{,-' P 'J., lummnai.' ‘"'? QQ}
;=a...a.mn, L;.{B. R ' '

L 'Ks;;lm;::nﬁaﬂ,”

"i%:aj};:jim;ﬁa | r.)nl.‘u.

Kosunon; %,Uiy Koas Do . .

- SRR 'JQW‘ T . Itfe&a exp. eﬁ B:n.el.
L e, sk R |

ie&wtby, uq, I»Mlo:vs, Rols L

CABSES 3y Lok Clm. Meds A

el , - L o B S

: :K‘{'LZBEEGZ. .,H.G.. B 1‘16*‘[3 S an *'i’he Piasma i‘rotcina‘
R T R ) _ - *N-’-& 1 p,;,;sa .

Lods Puémmn. Acaeiomie

'_";-"liﬁr,t&‘sruwn, e}“ nwlwl, Habay !

# ?ﬁ’:ﬂ:ﬁad, Lmdon.
thﬁmml, A.lw L
X = 90)’ R uxpg Mcd. mg !;:63
%":;-?Imn:g,evm,} GL; VH.L., Ador 5‘1‘;y, Ralyy 1ambfmn, ’}.1“}..,, de Vrios,"”"i‘
SRR Chorbeekey Guds G
a6 J »E'i wiéﬂw?i..9-,9;;5@-- 3

' 9'“9}‘; mn.t. J. oxp. P'ri,h- |
e vm, M g R 95 f] 'i':’;" ,ﬁre,h, Paish, z__ 116

I -'.1_3x=, ""J:ia, II;I‘., Tfmr dlﬁ;&és }..,., ;ileck, I*i. IR ' _-
B S L agesn, wienca ;_gglzm

S




L.Iw s){)hu @ioj.ﬁ ,I
Gari '
. J":

La

'L-.‘:"JJ" cm.p.. Ifed, !::G 303 ’

3}_113%‘:1111_01, 8

- :".'"J! e.hp. I“zedd '_2 " vG E -
i)lmumol . '2_, wsT S
| : ﬁgﬂ ,_::i gnif- -

BT cs&a‘*h oel‘; P.ﬁ,, Huﬁﬁ@ht ‘, -biﬂ" o
i . RN }W?f"
' ,:nw, R.,, Lm*cas,*

Mellrosy: BaC

._:‘:‘_'__;.‘f(Hﬂley L.‘L., B:ﬁe Wt
- '»"',Mi Lc:hiaon, N ,A.




"'am.j's, .N,, im::..!.e.c, J.L\z,, Mumm, {w.l.

e e T ,,3"955?:[‘ o de Tnmmn.ol. .Z.(.:’. 6'
TMuddgSe . o i Remel o Y ihmmnul. 2 t& -

45

5 vinows a, Ui ames havy Toswiel, 4 597
L E,’:I\’ur;*hj o 20 ke g exm Iied. 0 397
: l”\f'urphy, ¥ .;:'bum{‘ R 91.(‘;3 e J. exp. Med. WQ 1

'Mnm'nyg L,u., G’{‘mumr ; J’.H., Emon, J.A. . e B
Lo T L 96J L »_“~'Jg [mmuml. 9’& p’ﬁ‘

e m,m»-*
Nweu, Ty Lranellew Au 33105-‘“-& (“

' -Nv"”mm}“ﬁ, E?.

;T*'l: ?Wrgm,"?‘! () 17

o 3,064 ;’mm Tnat.. m%.
/Q}'«mnmma, W, b., Vemmawwoi m'us Jm e

L ETE g 1;_;_&9{6{5 ST Nui,ure O?; 33&m SR
" Nossel, GadyVe T L%%w ] :Br:s.t. J¢ oxp'. ?ﬁabhg

A.; mm, Gr,LH Auﬁéin, G i* ;
196k da mps, Hod, 129 16

© Nosmaly GedeVay . ﬁ;ﬁqﬂ}ld‘w, '

i

- _;;19‘53., R Lol + Ints Centre Natl.

o Novikodfy AvGy

R

""'4‘-'-11@;‘.1@. m;h 11”) 62

e ;Efeivcs.h'. r:;ég,e:;t;ygsf_;zg.ﬁﬁ B

i

“3(36 J.. u{nmumnl, 2@_ Gk
«,eua,mrmj?, 33.5 lilea!z, 1{.5 L

o _1‘96,,)~ -‘.",J. QM). N
" .1%7‘1‘; el -‘;?nc; Mxme gg_

g vazyy Zey

n,'

'5“)1’2§Qr‘ R!(«’.

He

R ¥ Ivmnum)‘ oo

o Lfm.ﬂmla,fﬁd Vo ,\ }eli, J. = l%"’:f

. 196:‘3 ' _.Jﬁ h!tiﬂu'ﬂ.ﬂlat. 90. 1"' , ‘__' B

‘@‘6] 7’7’1’

",:-; . et :U_‘}ﬁgh . , lﬁf'lin) J.. ﬂxln pﬁ‘fh; R

'.:f; ‘Potoson, Pa¥y, 0060 expe Hod, 111119 T




Rivers* T*M.* Sprunt* D*M*, Berry* G.P,

1933 J. exp* Med* £8 39
Robbins* J.B.* Kenny* K.* Suter* E*

1965 J. exp* Med* 122 385
Hosenquist* G.L.* Campbell* G*R*

1966 Immunology 10 169
Rowley* D_A* 1930a J* Immunol™ 64289
Rowley* D.A* 1950b J. Immunol* 6£ 519
Rupp* J.C.* Moore* R*D., Schoenberg* M*D*

1960 Arch*Fath. 20 43
Sahiar* K.f Schwartz, U.S. 1964 Science 145395
Salvaggio* J.E.* Flax* M.H.* Leskowitz* S*

1965 J* Immunoll™* 846
Scherr* G*H,T Markowitz* A.S.* Skelton* L.Z.

1965 J* app* Bact* 28 174
Schmidt* S** Steenberg* E* 1936 Acta path* microbiol*

Scand. 401

Schoenberg* M.D.* Stavitsky* A.B., Moore* R#D., Freeman* M.J*

1963 J. ep. Med. 121 577
Schultze* K.E. 1959 1» Bildung der Antiliorperl

10 Coll* Gee* Physiol.
Chemie iIn Mosbaeh pl46
Springer* Berlin*
Schultz* M.P., Swift* Il.F. 1934 J. exp. Med. 60 323
Seligmann™ M* 1960 CIBA Foundation Sym*
ICellular Aspects of
Immunity™ p224. ed.
Volstenholme ft O "Connor
Churchill, London.

Sell* S**\eigle*¥.0. 1959 J* Imaunol* 8J 257
Shaw* C.M.*Alvord*E*C«* Faklberg* W*J«* Kies* M.¥.

1964a J. Immunol. $2 28
Shaw* C.M.* Alvord* E.C.* Kies* M.W.

1964b J. Immunol. <P 24

Silverstein* A_M., Uhr* J.¥%* Kramer* K_L.* Lukes* R.J*
1963 J. exp. Med. 112 799



Pattee, P.A. 1966 J. Bact. 787
Perkins, E.H., Leonard, M.R*

1>63 J* Lamunol* £0 228
Pernis, B*, Chiappino, G* 1964 Immunology 2 500
Pomis, B.T Piarinetto, F* 1962 Proc* Soc* exp* Biol*
110 390
Pfeiffer, U., Marx, Lk, 1898 Z. Ryg* Infectkr* 22 272
Pike, R*M* 1967 Bact* Her# 2L *57
Pike, R.M., Schulze, M.L. 1964 Proo* Soc. exp* Biol*
Med* 115, 629
Pike, R*M*| Schulze, M.L., Chandler, C.H.
1966 J. Bact* 52 880
Porter, K.A., Couch, N.P, 1959 Brit* J* exp* Path*
40 32
Porter, R*R. 1962 In *Basic Problems in Neo-

plastic diseasel ed. Gelihorn
& Hirschberg. p 177
Columbia Univ* Press*

Furter, R.It*, Press, E*M* 1962 Ann. Rev. Bioch. 51 625
Rabinovitsch, L* 1897 Z* T vyg~ 26 0
Raffcl, S* 1948 J. inf. Bis* 82 267
Raffel, S., Arnaud, L.E., Dukes, C.D., Huang, J.S*

1949 J# exp* Med* £0 53
R&ffel, S., Asselineau, J*, Lederer, E*

1955 CIBA Foundation Syn*

Experimental Tuberculosisl
p!74 Churchill, Ltd*

Raffel, S., Tormey, J.E* 1948 J. exp* Med* 88 485
Ramon, G« 1931 Ann* Inst* Past* 42 539
Ramon, G. 1937 Rev# Immunol®* 2 *93
Ramon, G*, Zoeller, C* 1927 Ann* Inst* Past* 41 803
Richter, M*, Zimmermann, S., 1laurovitz, F.

1965 J« Lmunol. 94 938

Rivers, T.M., Schventker, F.F.
1935 J. exp* Med. 61 689



Siskind, G,W,, Paterson, P.Y.

1964 J* Immunol* 52 789
Slavin, D*, 1950 Nature 16g 115
Smith, R*T, 1960 in <CIBA Foundation Sym*

Cellular Apects of

Immunityl p348 ed*

Wolstenholme & 09Connor.

Churchill, London*
Steiner, J.W., Langer, B., Scahtz, D.L.,

1960 Arch* Fath. 2. 424
Stewart—Tull, D.E.S. 1966 personal communication
StewartYTull, D.E.S., thite, ~6*

1964 J* gen* Microbiol, 24 43
Stevartjfull, D.E.S., White, R.G.

1966 Inflkuology 1£2 349
Stewart—Tull, D.E.S., Wilkinson, P.C., White, R.G.

1965 Immunology 5, *51
Stone, S*H. 1961 Science 134 619
Stoner, H*D.fT Hale, \».M. 1933 J. Immunol* 22 204
Suter, B», White, R.G. 1954 Am, Rev* Tuberc* 2. 793
Sweliag, S., Mandel, B. 1962 Virology 18 508
Swift, H.F., Schultz, M.P. 1936a J* exp. Med* 65 705
Swift, H.F., Schultz, M.F. 1936b J. exp. Med. 62 725
Taliaferro, W.H., Taliaferro, L.G.

1950 J. inf* Die. 32 37
Thorbecke, G.J., Keining, F.J.

1953 J* Immunol* 2. *29
Thorbecke, G.J., Bocht/ald, G.M., Asofsky, R*, Jacobson, E*B*

1964 in Protides of the

Biological Fluidsl pl25
ed. Peeters, Elsevier,
Amsterdam*
Tokumara, T* 1966 J. Immunol* 52 248
Topley, V.C* 1930 J. Pkth* Bact* 22 339



Torrigiani, G.,Roitt, I™M. 1963 J. «P# Med. 122 181

Tromans, W.J.,Home, R.W. 1961 Virology 15 1
Turner, M.W., Rowe, D.S. 1964 frammology 2 659
Uhr, J.W., Finkelstein, M.S.
1963 J. exp. Med. U2 457
Uhr, J.V., Finkelstein, M.S., Baumann, J.
1962 J. exp. Med. 115 655
Uhr, J.V., Baucis, J*T Franklin, E.C., Finkelstein, M.S.,
Lewis, E.V. 1962 J. din. Invest. 411509
Vaughan, J.H., Button, A.H., Dutton, R.W., George, M.,
Marsten, R.Q. 1960 J. Immunol. 84 258
Voisin, G., Toullet, F. 1963 Ann. Inst. Past* 104 169
\oraiij, G*, Toullet, F.,Voiain, J.
1964 Ann. Inst* Past* 106 353
Wagner, KJU, Snyder, R.M., Hook, E.W., Lutlrell, C*N\.
1959 J# Immunol. 82 87
Waksman, B.B. 1960 in  <CIFA Foundation Sym*

Cellular Aspects of
Immunityl p28Q

ed. Wclstenholme & O*CONNOR.
Churchill, London.

Waksman,B.H., Adams, R.D. 1953 <. inf. Dia* 52 21
Weissmann, G. 1964 Lancet ii 1373
White, R.G. 195B Nature 182 1383
White, R.G. 1959 In  *Mechanisms of Hyper-

sensitivity™ Little-
Brown, Boston.

White, R.G. 1961 Sci. Basis of Med. Ann.
Rev. p3l
White, R.g. 1963 B.M.B. 15 207
White, R.G. 1967 B.M.B. 22 39
White, R.G., Bernotock, L., Johns, R.G.S., Lederer, E.
1958 Inrjaxology 154
White, R.G., Jenkins, G.C., Wilkinson, P.C.
1963 Int. Arch* Allergy appl*

Immunol* 22 156



White, R*G*, Jolles, P,, ocaraour, D,, Lederer, E«

1964
Wiener, A,S, 1952
wigzell, H, 1966

Wilkinson, P»0O«, Carmichael, D.S,
1964

Wilkinson, P>C,f White, I1G,

1966
Wilkinson, F=>C, 1967
Willson, G«S«{ Miles, A.a. 1961
Witebsky, E*, Hose, N,». 1936

Immunollogy 2 158
Ann, Allergy 10 535
Ann, Med, exp, Fenn,
*£ 209

J, Lab, Chlin, Med, £4
529

Immunology 11 229

personal communication

Topley & Wilson*s
Principles of Bacteriology
and imunity, 4th ed, Armold,
London,

J, Imunol. 3G 408

Wolfe, H.R., Norton, S,9 Springer, E,, Goodman, M,, Herrick, C,A,

1950

Yarmolinsky, M,B., De LA Uaba, G.L,

1939

Youngner, J,I3., Axelrod, V, 1963

Zinsser, 1U 1921

J, Immunol, 64 179

Proc, nat, Acad, Sci,
42 1721

d, Immunol, M0 1

J. exp, hied, 34 495



The Effect of Adjuvants on Biosynthesis of 19S and 7S
Antibody against Bacteriophage (X174 in the Guinea-Pig

P. C. WiLkiNsoN, W. A. FLEMING AND R. G. WHITE

Reprinted from
Immunology
Vol. 13, No. 6, December 1967

BLACKWELL SCIENTIFIC PUBLICATIONS

OXFORD AND EDINBURGH



Effect of Adjuvants on Biosynthesis of Antthody 607

any significant difference between the mean & values of any of the four groups (£>0-05).
Thus antibody levels obtained by use of the adjuvants tested, simple water-in-oil emulsions,
water-in-oil emulsions with added mycobacteria and bentonite were not significantly
higher than those obtained by injection of antigen in saline alone.

The antibody obtained from selected 8-day sera was treated with 2-mercaptoethanol
in order to determine whether it was 19S or 7S immunoglobulin. Sera from animals in

TaBLE 1
PHAGE NEUTRALIZATION LEVELS (K VALUES) OBTAINED TFROM SERA TAKEN FROM
GUINEA-PIGS 8 DAYS AFTER A SINGLE INJECTION OF BAGTERIOPHACGE OX174 N
VARIOUS ADJUVANTS

Guinea-pigs injected with antigen in:

Complete Freund’s  Incomplete Freund’s

adjuvant adjuvant Bentonite Saline
04 0-30 0-8 1-1 (footpad)
2-8 143 11:5 1-05 (footpad)
3-3 0-31 3-5 1-35 (footpad)
0-76 1-53 1-2 01 (iv)
16 7:7 115 09 (iv.)
2-3 1:01 9-2 1-04 (i.v.)
105 4-6 1-4 I-11 (iv.)
1-35 0-81 276 0 (i.p.)

Phage was injected in Freund’s adjuvanis via the footpad; in bentonite vie the
peritoneum. The route of injection of saline-injected animals is indicated in the
table.

each of the above mentioned groups were tested. In all cases, the & value following
reduction dropped to negligible levels. Although our previous unpublished observations
have shown that 7S antibody levels in sera from guinea-pigs immunized with ovalbumin
may drop following treatment with 2-mercaptoethanol, the fall in antibody activity is
usually less than 50 per cent of the original level using the doses of mercaptoethanol
described here. It was, therefore, concluded that 8-day antibody against ®X174 was
almost entirely of the yM immunoglobulin type as Uhr and Finkelstein (1963) had pre-
viously stated. Thus, addition of adjuvants to injection mixtures containing phage
®X174 had an insignificant effect on yM antibody levels in sera taken 8 days later.

EFFECTS OF ADJUVANTS ON SERUM ANTIPHAGE LEVELS A'l' THE 21$T' DAY OF 1'HE PRIMARY
RESPONSE TO ®X174

Antibody levels in sera from guinea-pigs bled at 21 days after a single injection in
various adjuvant mixtures were again determined by the phage neutralization test. The
k values for phage neutralization for sera from the same four groups of animals are shown
in Table 2. Clear differences were seen between the serum antibody levels of adjuvant
injected and non-adjuvant injected groups. High levels of antibody (median value 22-7)
were found in sera from guinea-pigs injected via the footpad with complete Freund’s
adjuvant. Sera from animals injected by the same route with the water-in-oil emulsion
lacking in mycobacteria yielded intermediate levels of antibody (median value 8:1).
Antibody levels in animals injected via the footpad or intravenously with ®X174 in
saline alone were considerably lower (median value 3-4). The groups of guinea-pigs
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injected intraperitoneally with bentonite-adsorbed phage behaved inconsistently. Two of
these animals showed the highest serum antibody levels in the whole experiment. Others
showed no antibody at all.

TABLE 2
PHAGE NEUTRALIZATION LEVELS (K VALUES) OBTAINED FROM SERA TAKEN FROM
GUINEA-PIGS 2] DAYS AFTER A SINGLE INJECTION OF BACTERIOPHAGE (X174 1N
VARIOUS ADJUVANTS

Guinca-pigs injected with antigen in:

Complete Freund’s  Incomplete Freund’s

adjuvant adjuvant Bentonite Saline
25-06 12:1 36-6 1-6 (footpad)
3:06 11-7 34-0 2-1 (lootpad)
23-0 81 0-8 43 (i)
29-1 8-9 0 3-7 (1\')
20-7 53 0 39 (i.v.)
18-1 8-05 0 34 (1v.)
22-7 81 — 2-3 (footpad)

7S 7 ;- AND y,~ANTIBODY AGAINST PHAGE 2] DAYS AFTER PRIMARY IMMUNIZATION

Sera from selected guinea-pigs from the groups injected with phage in complete
mycobacterial adjuvant, in incomplete adjuvant and in saline alonc which had been
taken 21 days after primary immunization werc fractionated on DEAE-ccllulosc columns
to separate the 75y~ and 7S y,-globulin antibody fractions. The scparated {ractions
were then tested for phage neutralizing activity. The results of these experiments showed

TaBLE 3

RESULTS OF GORNEAL TESTS 19 DAYS FOLLOWING INJECTION OF GUINEA-PIGS
WITH BACTERIOPHAGE (P2X174 IN VARIOUS ADJUVANT MIXTURES

Adjuvant used

Complete Freund's Incomplete Freund’s
adjuvant adjuvant Bentonite Saline
2 0 1 1
3 1 0 0
0 3 1 0
13 0 0 0
2 3 0 0
0 1 1 0
0 G 0 0
1 1 0

The scoring of corneal tests is described in ‘Materials and methods’ (sec ‘
text),

that phage neutralizing activity was present in both fractions in all of the sera tested.
Injection in incomplete Freund’s adjuvant gave rise to higher antibody levels in both the
y,~ and the y -fraction than did injection in saline alone and injection in complete
Freund’s adjuvant gave rise to still higher levels of antibody of both types. Duc to scarcity
of available material £ values were not calculated for these fractions. The necutralization
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curve for both globulins was, however, similar in the sera tested. Thus, adjuvants were
effective in raising the level of both y,-globulin antibody and y,-globulin antibody
against bacteriophage ®X174 in 21-day guineca-pig sera.

DELAYED HYPERSENSITIVITY

The results of corneal tests with phage performed 19 days after primary immunization
in groups of guinea-pigs injected with ®X174 in various adjuvant mixtures are shown in
Table 3. Animals injected with phage in saline gave negative corneal tests. Bentonite
injected animals also showed negligible corneal reactions. Some of the animals in both
the group injected with complcte Freund’s adjuvant and that injected with incomplete
Freund’s adjuvant gave positive corneal responses.

DISCUSSION

The immunoglobulin response of the guinea-pig against bacteriophage ®X174, as
described above, shows certain differences from that previously described when soluble
proteins were used as test antigens (White et al., 1963; Wilkinson and White, 1966).
Against bacteriophage, all animals produced yM antibody detectable at 8 days after
primary injection. Against ovalbumin, yM antibody was not detected either at 8 days
or at any other time following primary immunization, whether quantitative precipitin
tests, immunoelectrophoresis or radioimmunoelectrophoresis against *!I-labelled antigen
were used to detect it (authors’ unpublished results). Moreover, 21 days after immuni-
zation 7S y,- and y,-globulin antibodics were both present following the injection of
phage in saline alone. The use of water-in-oil adjuvants increased the level of antibody
of both types and the incorporation of mycobacteria in these emulsions led to still higher
y .- and y,-globulin antibody levels. On the other hand, 21 days after primary immuni-
zation with ovalbumin, y,-immunoglobulin antibody production against protein antigens
only occurred when guinea-pigs were injected with mycobacterial or silica adjuvants
(Wilkinson and White, 1966).
It is remarkable that when guinea-pigs are injected with protein antigens in incomplete
IFreund’s adjuvant without mycobacteria, they consistently synthesize only 7S y {-globulin
antibody. Earlier work in this laboratory reported this to be the case for three protein
antigens; ovalbumin, human serum albumin and diphtheria toxoid. Benacerraf et al.
(1963) reported similar findings for anti-hapten. However, when the same workers
-examined the response to a particulate antigen, the O-antigen of intact L. coli cells
(Bloch, Kourilsky, Ovary and Benacerraf, 1963), they found that the antibody produced
was 7S y,-globulin rather than 7S y,-globulin. As shown in the present study, 7S7,-
~globulin antibody against a much smaller particle, ®X174, was synthesized without the
“addition of mycobacteria to the injected adjuvant mixture, although the quantitative
effects of mycobacterial adjuvants on levels of both 7S y,- and 78 y-globulin antiphage
antibody were still very striking. A further difference between the immune response to
soluble protcins and that to phage was seen when corneal tests were used to cvaluate
delayed hypersensitivity. Mycobacterial adjuvants are necessary to induce delayed
hypersensitivity against protein antigens in the guinea-pig (White, Coons and Connolly,
1965). However, in the present experiments, positive corneal tests following a test

o*
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injection of bacteriophage were seen in a proportion of the animals immunized with
antigen in water-in-oil emulsion which did not contain mycobacteria.

The incorporation of adjuvants with bacteriophage in injection mixtures had a neg-
ligible effect on levels of 195 anti-phage antibody subsequently attained as evaluated
in sera taken on the 8th day following immunization. Adjuvants were not necessary
to stimulate a 19S antibody response and the 19S antibody levels observed in guinca-pigs
given phage in water-in-oil emulsions with and without mycobacteria or in mixtures with
bentonite were not significantly higher than in those given phage in saline alone, This
failure of adjuvants to exert an effect on 195 antibody levels may be related to the sites
at which such antibody is synthesized and to the mode of access of antigen to these sites
of antibody production discussed in the following paper (Fleming, Wilkinson and White,
1967). The effect of adjuvants on the duration of the yM response has not been reported
here but is the subject of a further study now in progress.

It is neccessary at this stage to discuss the validity of the usc of &£ values derived from
phage neutralization assays as a measure of immunoglobulin levels. As the capacity of
unit amounts of individual guinea-pig immunoglobulins to neutralize bacteriophage is
not known, £ valucs obtained for one immunoglobulin type cannot be compared dircctly
with those obtained for another. Finkelstein and Uhr (1966) have shown that guineca-pig
19S globulin has a higher phage ncutralizing activity per unit weight than 785 globulin,
although no information is available concerning the activity of 7§ y ;- and 7S y ,-immuno-
globulins. Circumstances for detection of yM anti-phage antibody are, therefore, optimal:
(a) because of the extreme sensitivity of the phage ncutralization test, and (b) because
of the greater avidity of 195 than of 7S antiphage per unit weight. For these reasons it is
not possible to compare antibody levels in sera taken 8 days after immunization with those
in sera taken at 21 days.

Antibody of the yM-immunoglobulin type has not been detected in guinca-pigs following
the injection of soluble protein antigens either by the authors of the present communi-
cation or in previously published reports. There are two possible reasons for the apparent
absence of 19S antibody against soluble proteins when 19S antiphage is consistently
present following injection of phage by similar routes using the same adjuvants. Firstly,
as discussed above, the phage necutralization technique provides optimal conditions for
detection of 19S antibody. Secondly, particulate antigens stimulate higher and more
prolonged 19S antibody responses than are attained using soluble protecins. Bauer,
Mathies and Stavitsky (1963) found that while primary injection of protein antigens
stimulated an initial 195 response followed by a more prolonged 7S response, repeated ‘
injection of Salmonella O antigen resulted in 19S responses only, not 7S. Turner and Rowe
(1964) also showed a sustained 19S antibody responsc against S. {yphi-O in man. Torrigiani
and Roitt (1965) showed that thyroglobulin coated onto acrylic resin particles stimulated a
more vigorous and sustained 19S response in rabbits than the same antigen in solution.
However, bacteriophage ®X174 is an extremely small particle. Tromans and Horne (1961)
report a maximum diameter of 225 A; only slightly larger than an antibody molecule.
The immunoglobulin response against this and other small virus particles may well
resemble more closely the response after stimulation by soluble proteins than that which
follows injcction of much larger particles such as bacteria and red cells. Fahey and
Horbett (1959) found most of the antibody against mumps virus in the 7S (IgG) fraction
of human sera. Tokumaru (1966) noted an initial rise in IgM antibody against herpes
simplex virus in man. At 21 days a predominance of IgA and IgG antibody was observed.
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These responses against viral antigens are similar to those reported after injection of
protein antigens in many species and indeed similar to those reported against bacterio-
phage ®X174 in this paper.
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Summary. The sites of biosynthesis of 19S and 7S antibody in the guinea-pig
were determined by assay of the phage neutralizing activity in i vitro cultures of
lymph node, bone marrow and splenic tissues from guinea-pigs immunized with
bacteriophage ®X174. Per unit weight of tissue, much higher levels of 198 antibody
were synthesized by bone marrow tissue cultures than by those of the spleen or the
Iymph nodes draining the site of antigen injection. On the other hand, the levels
of synthesis of 7S antibody per unit weight of tissue were higher in cultures of the
homolateral and contralateral lymph nodes draining the site of injection into the
footpad than in cultures of spleen or bone marrow. Evidence was presented that
the phage neutralizing activity observed was, in fact, due to synthesis of specific
antibody.

INTRODUCTION

The results of i vitro investigations of the sites of synthesis of guinea-pig 7S anti-oval-
bumin, 21 days after a single injection of ovalbumin in complete Freund’s adjuvant into
the left hind footpad, were reported by Askonas and White (1956) and Askonas, White
and Wilkinson (1965). These investigations showed that the maximum iz viiro synthesis
of anti-ovalbumin per unit weight of tissue incubated occurred in the popliteal and flank
(iliac) lymph nodes contralateral to the site of injection. Synthetic activity was also
found in the homolateral popliteal and iliac lymph nodes, but relatively little in the spleen
and bone marrow.

Certain major differences between the response to soluble protein antigens and that to
| bacteriophage ®X174 were observed in experiments described in the preceding paper
(Wilkinson, Fleming and White, 1967). Injection of ovalbumin, whether in saline or in
various adjuvant mixtures, gave rise to no detectable 195 antibody response. In contrast,
after injection of bacteriophage in saline or in adjuvant mixtures, a 195 antibody response
was consistently detected 8 days after primary immunization. However, no significant
difference in serum yM antibody levels was observed whether the bacteriophage was
injected in saline or in adjuvant mixtures. On the other hand, 21 days after injection
75 antibody was consistently detected against both ovalbumin and bacteriophage,
and injection of antigen in adjuvants caused marked increases in the level of serum
antibody obtained.

In view of the failure of adjuvants to enhance the 195 response, experiments were
undertaken in which the sites of synthesis of guinea-pig 19S antiphage antibody were
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determined and compared by in vitro methods with those of synthesis of 7S antibody later
in the primary response. The suggestion that the sites of biosynthesis of 7S and 19S
antibody globulins against the same antigen might be dissimilar is explored in the
investigations described below.

MATERIALS AND METHODS

Freund-type complete and incomplete adjuvant mixture

Bacteriophage ®X174, prepared as described by Wilkinson et al. (1967), was suspended
in saline at a concentration of 2x 10'® particles/ml. This suspension was incorporated in
a water-in-oil emulsion made up in the following proportions; saline suspension of phage,
1 part; Arlacel A, 1 part; Bayol 55, 3 parts. Each guinca-pig was injected with 0-5 inl
of the above, as a well-emulsified mixture (incomplete Freund-type adjuvant mixture).
Other animals were injected with the above mixture with the addition to each dose of
200 pg heat killed Mycobacterium tuberculosis strain C, kindly supplied by the Ministry of
Agriculture, Fisheries and Food, Weybridge, Surrey (complete Freund-type adjuvant
mixture), This complete Freund’s adjuvant mixture was well emulsified before injection.

Four groups of guinca-pigs were immunized as follows:

Group 1. Injected into the left hind footpad with 2x 10” plaque forming units (PTFU)
of ®X174 in complete Freund-type adjuvant made up as above.

Group 2. Injected as above with 2x10% PFU of ®X174 in incomplcte Freund-type
adjuvant (lacking in mycobacteria).

Group 3. Injected with a phage—hentonite mixture, prepared as described by Wilkinson
and White (1966), intraperitoncally, 0-3 ml in each flank.

Group 4. Injected into the left hind footpad with 2x 10 PFU of ®X174 in 0-5 ml of
saline. In addition a further group received an injection of staphylococcal phage 80 in
complcte Freund-type adjuvant mixture into the left hind footpad.

Preparation and in vitro culture of various lymphoid tissues

Guinca-pigs were killed on the 8th or 2Ist day after a single injection of antigen.
Immediately after death, samples of spleen, bone marrow and the lymph nodes draining
the site of injection (i.e. the flank nodes, homolateral and contralateral, in footpad :
injected animals, and mesenteric nodes in bentonite injected animals) were removed and
placed in ice-cold Eagle’s medium (Paul, 1959). The tissues were gently teased out to
give small fragments; these were then washed thoroughly three times in ice-cold Eagle’s
medium by centrifugation in order to remove possible contamination by scrum antibody.
Known weights of tissue were incubated at 37° in a constant temperature waterbath for
6 hours in 2 ml Eagle’s medium with 10 per cent calf scrum in an atmosphere of 5 per cent
CO,, 95 per cent O,. Gentle agitation was maintained throughout the period of incu-
bation. At the end of this period of incubation, the tissue samples were disrupted l)yI
freezing and thawing three times and the cell debris removed by centrifugation at 12,000
rev/min for 30 minutes at a controlled temperaturc of 4°. The supernatant was then
assayed for antiphage activity using the phage neutralization test.

Phage neutralization tests
Antibody activity against phage was assayed by a phage neutralization test bascd on
the method of Uhr and Finkelstein (1963), and described by Wilkinson e al. (1967). A
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mixture of bacteriophage and the tissue culture supernatant was allowed to react at 37°
for 30 minutes. After this time, samples of the mixture were rapidly diluted in order to
stop further antigen—~antibody reaction, and the number of un-neutralized infective phage
particles remaining was estimated using the agar layer technique. Blank values were
obtained by mixing phage with sterile uninoculated tissue culture medium in place of
the tissue culture supernatant.

Inactivation of phage by its antibody follows first order kinetics, expressed by the
following equation:

2:3D P

k=—tlog—ﬁ,

where P, is the initial bacteriophage titre, P is the bacteriophage titre at time ¢ in minutes,
D is the dilution of antiserum and £ is the first order inactivation constant, expressed in
minutes 1. Using tissue culture supcrnatants in a preliminary experiment, a plot of log
Py/P against time gave a straight line showing that neutralization of phage by tissue
culture supernatants followed the above equation.

In this series of experiments, where £ is fixed at 30 minutes then log (P,/P) is propor-
tional to the concentration of antibody present. All results have, therefore, been expressed
as the number of phage particles neutralized per unit weight (0-1 g) of tissue incubated,
and not as £ values.

RESULTS

RELATIVE 7 ¥ilr0 ACTIVITIES OF VARIOUS LYMPHOID ORGANS OF THE GUINEA-PIG IN THE
BIOSYNTHESIS OF ANTIBODY TO PHAGE ®X174 AT 8 DAYS AFTER ANTIGEN INJECTION

Fig. 1 shows the antiphage activity of supernatants from tissue cultures prepared from
the following groups of animals.

(1) Guinea-pigs injected with phage in complete Freund’s adjuvant via the footpad.
(2) Guinea-pigs injected with phage in incomplete Freund’s adjuvant zia the footpad.
(3) Guinea-pigs injected with phage in saline via the footpad.

(4) Guinea-pigs injected with phage in bentonite intraperitoneally.

Antiphage activity was consistently present in all lymphoid tissue culture supernatants
from the four groups of animals. From any one animal, bone marrow consistently gave
the highest level of antiphage activity per unit weight of tissue incubated. In some cases
the iliac lymph nodes homolateral to the site of injection also showed a high activity, but
in no case did this activity exceed that of the bone marrow from the same animal. Further,
considerable variation was found in the level of activity of the iliac lymph nodes homo-
lateral and contralateral to the site of injection. In some cases, the activity of the
homolateral nodes exceeded that of the contralateral nodes and vice-versa. The activity
of the spleen was consistently low. In the case of animals injected with phage in bentonite,
where the mesenteric lymph nodes only were studied, the activity found per unit weight
of tissue incubated was intermediate between that found in bone marrow and spleen.

It was concluded that the highest level of synthesis of antibody against phage per unit
weight of tissue, 8 days after a single injection of ®X174, occurred in the bone marrow.
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Fic. 1, Phage neutralizing activity of various lymphoid tissucs taken 8 days after a single injection of
®X174. Note that the columns represent levels of activity in tissues from a single typical guinca-pig.
The upper limit of the brace indicates the highest level of phage neutralizing activity observed in a
given tissue from the whole group of guinca-pigs. The lower limit of the brace indicates the lowest level
of activity observed.
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Fic. 2. Phage neutralizing activity of various lymphoid tissues taken from two guinca-pigs 21 days after
a single injection of @X174. Cross-hatched columns, guinca-pig given complete Freund’s adjuvant;
open columns, guinea-pig given incomplete Freund’s adjuvant.

RELATIVE i 0i{r0 ACTIVITIES OF VARIOUS LYMPHOID ORGANS OF THE GUINEA-PIG IN THE
BIOSYNTHESIS OF ANTIBODY TO PHAGE OX174 AT 21 DAYS AFTER INJECTION OF ANTIGEN

As seen from Fig. 2, the major antiphage activity per unit weight of tissue in animals
killed on the 21st day after a single injection with ®X174 was found in the lymph nodcs.
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In animals injected with phage in incomplete and complete Freund’s adjuvant zia the
footpad, the iliac lymph nodes contralateral to the site of injection showed maximal
antiphage activity. In these animals, the spleen and bone marrow also showed antiphage
activity, but consistently less than was found in the lymph nodes on a unit weight basis.
The spleen again had the lowest activity of the four tissues studied. In animals injected
with phage in saline zia the footpad, the activity of the contralateral iliac lymph nodes
was not greatly different from that of the homolateral lymph nodes whereas the activity
of the spleen and bone marrow was significantly lower,

It was, therefore, concluded that 21 days after a single injection of ®X174 using various
adjuvants, the highest synthesis of antibody per unit weight of tissue occurred in the
lymph nodes. Smaller amounts were synthesized by bone marrow and spleen.

NET SYNTHESIS OF ANTIPHAGE ANTIBODY 1% vilro

Experiments were carried out to determine whether the antiphage antibody detected

after tissue culture was present in the tissues before incubation, or was actively synthesized
during the period of incubation.

tererey

Phage neutralizing activity per O-l g tissue
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Fic. 3. Phage neutralizing activity of various lymphoid tissues taken 8 days after a single injection of

®X 174, before and after in witro mmcubation. Open columns, post-incubated; cross-hatched columns,
pre-incubated.

Samples of spleen, bone marrow and lymph nodes were removed from an animal 8
days after a single injection of antigen in complete Freund-type adjuvant mixture. Each
sample was divided into two approximately equal parts, and both were placed in tissue



618 W. A. Fleming, P. C. Wilkinson and R. G. White

culture medium. One portion was immediately deep-frozen in a solid CO ,-cthanol
mixture and the other was incubated as described above (sce ‘Materials and methods’).
After the period of incubation, both portions of tissue were disrupted by {reezing and
thawing thrice and the supernatants examined for antiphage activity. The results (Fig. 3)
showed that approximately 20 per cent of the activity per unit weight of tissue incubated
was present in the tissues before incubation. The remaining 80 per cent was, therefore,
presumed to have arisen by de novo synthesis of newly formed antibody during the 6-hour
period of in vifro incubation.

EFFECT OF PUROMYCIN ON BIOSYNTHETIC ACTIVITY OF BONE MARROW CULTURES

A sample of bone marrow from an animal immunized 8 days previously with ©®X174
was divided into four portions. These samples were then tissuc cultured in the presence
of the anti-metabolite, puromycin, incorporated in the tissue culture medium at diflerent
molar strengths as follows:

Sample 1: tissue culture medium only.

Sample 2: 3x 10™* M puromycin in tissue culture medium.
Sample 3: 3x 107° M puromycin in tissue culture medium.
Sample 4: 3x 10~ ° M puromycin in tissue culture medium,

After incubation the antiphage activity of the supernatants was determined. A concen-
tration of 3x 107* M puromycin was found to reduce the antiphage activity to a level
comparable with that obtained from non-incubated tissue, i.e. approximately 20 per cent
of the activity of the portion incubated in tissue culture medium only.

In view of these findings, and since puromycin is known to inhibit protein synthesis at
the point of transfer of amino acids from RNA to protein, it was concluded that de novo
synthesis of protein, and consequently of antibody, was occurring under the conditions
of tissue culture used.

COMPARISON OF SYNTHETIC ACTIVITY FOR ANTIBODY TO ®PX 174 IN TISSUE CULTURES OF BONE
MARROW FROM THE TIBIAE HOMOLATERAL AND CONTRALATERAL TO THE SITE OF INJECTION

Red bone marrow from the tibiae homolateral and contralateral to the site of injection
was removed from an animal 8 days after a single injection with ®X174 in complete
Freund’s adjuvant via the footpad. Samples from each were cultured separately, and their
ability to synthesize antibody against phage determined. As seen in Fig. 4, little variation
in the activity of cultures of bone marrow from these sites was found. It was concluded,
therefore, that the activity of the tibial bone marrow bore no relation to its proximity to |
the site of antigen injections, i.e. the left hind footpad.

INVESTIGATION OF TISSUES FROM NON-IMMUNIZED ANIMALS

Samples of spleen, bone marrow and iliac lymph node tissue from four healthy un-
injected guinea-pigs were cultured in vitro, for a 6-hour period and cxamined for the
production of antiphage activity as described above. In none of these cultures was
detectable neutralization of ®X174 found in the supernatant.
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F1c. 4. Levels of phage neutralizing activity in tissue cultures of bone marrow taken from the tibiae
homolatcral (cross-hatched columns) and contralateral (open columns) to the site of injection of two
guinea-pigs with X174 8 days previously.

TaBLE 1

THE EFFECT OF TREATMENT WITH 2-MERCAPTOETHANOL ON LEVELS OF PHAGE NEUTRALIZING ACTIVITY
IN LYMPHOID TISSUF, CULTURES TAKEN 8 DAYS AFTER IMMUNIZATION WITH BACTERIOPHAGE (X174

Phage neutralizing activity per 0-1 g of tissue

Before treatment with After treatment with
2-mercaptoethanol 2-mercaptocthanol

Guinea-pig No. 1: injected by the footpad
Spleen
Homolateral lymph node

o
[a~
@
_
o

|
|

Contralateral lymph node 1-7 0-1

Bone-marrow 18-1 1-9
Guinea-pig No. 2: injected by the footpad

Spleen 4.3 0-3

Homolateral lymph node 6-9 1-0

Contralateral lymph node — —

Bone marrow 211 1-5
Guinea-pig No. 3: injected intraperitoneally

Spleen 2-1 01

Mesenteric lymph node 35 34

Bone marrow 159 4-0

INVESTIGATION OF TISSUES FROM ANIMALS INJECTED WITH A STAPHYLOCOCCAL PHAGE

Bone marrow, spleen and lymph nodes from guinea-pigs immunized against staphylo-
coccal phage 80 werc cultured iz vitro over a 6-hour period and examined for the pro-
duction of ncutralizing activity in the supernatant against the homologous staphylococcal
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phage and against phage ®X174. Although the tissues studied showed ncutralizing
activity against the staphylococcal phage, they showed no activity against ®X174.

Fron these results it was concluded that the observed activity of tissues from animals
immunized with ®X174 was specifically due to the injection of that phage.

EFFECT OF 2-MERCAPTOETHANOTL ON THE PHAGE NEUTRALIZING ACTIVITY OF SUPERNATANTS
FROM CULTURES OF TISSUES OF ANIMALS KILLED 8 DAYS AFTER IMMUNIZATION

Selected tissue culture supernatants were treated with 2-mercaptocthanol after deter-
mination of their antiphage activity. The antiphage activity was again determincd after
treatment. As shown in Table 1, treatment with 2-mercaptoethanol almost totally climi-
nated the antiphage activity of all but one of the supernatants indicating that the antibody
formed in vitro by these lymphoid tissues 8 days after a single injection of phage was of the
19S immunoglobulin type.

DISCUSSION

The present series of experiments in which bacteriophage ®X174 was injected in
various adjuvant mixtures into the guinea-pig footpad, shows that the pattern of antibody
biosynthesis among the various lymphoid organs 21 days after injection was similar to
that described for ovalbumin by Askonas and White (1956) and Askonas ef al. (1965).
In all cases, the highest level of synthetic activity for antibody against phage, per unit
weight of tissue incubated, was found in the iliac lymph nodes. When complete Freund’s
adjuvant (including 200 pug heat killed mycobacteria) or incomplete Freund’s adjuvant
(lacking mycobacteria) was used, higher levels of activity were found in the iliac nodes
contralateral to the site of injection than in the homolateral. Smaller activitics per unit
weight of tissue were produced at sites more distant from the injection such as bone
marrow and spleen.

By contrast, when animals were investigated at 8 days after injection of the guinca-pig
with phage, the highest level of synthetic activity per unit weight of tissue was found in
the bone marrow, and phage neutralizing activity was consistently higher in this tissue
than in any of the lymph nodecs or in the spleen. As was shown in cxperiments in which
the activity of tibial bone marrow homolateral and contralateral to the site of injection
into the footpad was tested, and also as demonstrated by the results from animals re-
ceiving phage intraperitoneally in bentonite, the high activity of the bone marrow was
not related to proximity to the site of injection. It could not, thercfore, be cxplained by
local permeation of antigen from the injection site into adjacent bone marrow. This
antibody synthesized 8 days after primary injection was of the yM-immunoglobulin
type. Treatment of all but onc of the tissue culture supernatant fluids taken at this time
with 2-mercaptoethanol eliminated phage neutralizing activity. Further, treatment with
2-mercaptoethanol and DEAE-cellulose chromatography demonstrated yM antibody
in serum taken from these animals at the same time (Wilkinson et af., 1967).

The bone marrow was, therefore, the major site of synthesis of yM-antibody against
bactcriophage in the guinea-pig. Taking the synthetic activity per unit weight of tissue
of the homolateral iac lymph nodes as an arbitrary 100 units, the relative activities per
unit weight of the other tissues studied were as follows: bone marrow, 460 units; contra-
lateral iliac nodes, 107 units ; spleen, 63 units. Askonas and Humphrey (1957) calculated
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the total synthesis of antibody by lymphoid tissues in the body as a whole by extrapolation
from synthetic activity of known weights of tissue and concluded that bone marrow
made a major contribution to the overall calculated antibody synthesis against protein
antigens because of its large mass relative to other lymphoid tissues. By the same token,
if the activity of tibial bone marrow in the present series of experiments is representative
of total bone marrow in the body, then synthesis of yM-antibody against phage must be
almost entirely due to the synthetic activity of bone marrow.

The possibility has been considered that the phage neutralizing activity of the tissue
culture supernatant fluids of incubated lymphoid tissues may have been due to an agent
other than specific antibody. That the activity was in fact due to specific antibody is
supported by the following evidence: (1) Neutralization of phage by tissue culture fluids
followed first order chemical kinetics as does neutralization of phage by specific antiserum.
(2) The activity of tissue culture fluids taken 8 days after immunization was abolished by
treatment with 0-1 M 2-mercaptoethanol. The activity of serum taken at 8 days after
immunization and presumably dependent on 19S antibody was similarly abolished by
treatment with 2-mercaptoethanol. This suggests that, at the same time as a 19S antibody
response is detectable in the serum, similar 198 antibody is being synthesized by lymphoid
tissues. (3) The antibiotic puromycin which inhibits DNA dependent RNA synthesis
(Yarmolinsky and De La Haba, 1959) prevented the appearance of phage neutralizing
activity. (4) The activity was specific to the injected phage. Animals injected with a
staphylococcal phage did not show phage neutralizing activity against bacteriophage
®X174. (5) Tissues taken from unimmunized animals failed to show phage neutralizing
activity after in vitro culture.

The injection of protein antigens in complete Freund-type adjuvant mixture typically
results in higher levels of serum antibody than are produced if mycobacteria are omitted
from the injection mixture. The large volume of previous work on this topic has been
concerned in the main with effects on 7S y - and 7S y,-immunoglobulins. It is, therefore,
of interest that the levels of phage neutralizing activity achieved by various tissues at
8 days after primary immunization were unaffected by the presence or absence of any of
the three adjuvant mixtures including complete Freund’s adjuvant mixture. However,
in the present work, the tissues taken from animalsat 21 days after injection which produced
the highest levels of phage neutralizing activity were those from animals injected with
complete Freund-type adjuvant mixture including 200 ug heat-killed M. tuberculosis
per animal,

The production of 195 antibody per unit weight of tissue at 8 days is predominantly
undertaken by the bone marrow. In contrast, the production of 7S y,- and y,-antibody
per unit weight of tissue at 21 days is predominantly undertaken by the lymph nodes.
This argues that two distinct populations of cells are concerned in the manufacture of
19S and 7S antibody and does not support the concept (Nossal, Szenberg, Ada and
Austin, 1964) that production of 19S and 7S antibody are undertaken by the same cells
working in a sequence of early 19S succeeded by later 7S antibody production. The
activation of the two populations of cells will depend on the conditions governing access
of antigen to these tissues. Thus phage particles injected via the footpad will be dissemi-
nated predominantly by the blood stream (Kosunen and Kéaridinen, 1966). Such antigen
will reach the bone marrow, which lacks a lymphatic supply, exclusively by haemato-
genous dissemination. On the other hand, antibody production in the draining lymph
nodes at 21 days is likely to have been stimulated by antigen which travelled via the
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lymphatics. If retention of antigen at the site of injection is an important factor in adjuvant
action, a clear adjuvant effect might be expected on antibody production in lymph nodes
but not to the same extent in bone marrow to which antigen is rapidly disseminated.
The differential effect of mycobacterial and other adjuvants on production of phage
neutralizing antibody at 21 days supports the concept that the production of 19S and 75
antibody is subserved by different populations of cells.
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