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INTRODUCTION

Youmans and Yoomans were the first to isolate a highly prote ctive ribo somal

vaccine (44-47) . Their work was with Mycobacte rium tuberculosis , and since

that time i inogens of similar orig in have been derived from Salmonella

typhimuriuin (9, 11, 27 , 38 , 42)~ T. K. Sisenstein , Ph.D. thesis , Bryn Mawr

College, Bryn Mawr , -Pa., 1969) , Stapbylococcus aureus (43) , Pseudonuonas

aeruginosa (28 , 42) , Dneumococcus pneumonia (33), Neisseria meningitidis

(32), Vibrio cholerae (8, 10), Listeria nonocytogenes (31), Streptococcus

pyrogenes (24 ),  and Histoplaema ~~25~~~tum (7) .  In no case has the antigenic

component been chemically identified and confirmed, even though the Youmans

(48) have good reason to believe that double-stranded r ibonucleic acid (RNA)

is responsible for the i unity they observe.

There ii considerable disagreement between labo ratories that have attempted

to identify the nature of the effective moiety present in ribosomal. vaccines

isolated from S. typhimurium (1, 5, 9, 11, 12, 17, 26, 34—37, 39). All agree,

with the exception of yam and his associates (Medina et al. (18)),  at least

with one strain of inbred mice they have used , that the highest possible level

of iemiun ity can be produced by these vaccines. There is inadequate informa-

tion as to how strains of mice differ in their response to ribosonal vaccines ,

so some of the uncertainty about the identity of ant igenic components may

relate to the animals used in the experiments. Keeping this in mind , John-

son believes that the protective component is a ribosomal protein (11, 12) .

Venneman and Berry fàund high activity in an RNA fraction , iimnunogenic at

doses of 10 pg or less (1, 35—37 , 39). No one else has reported a preparation

equally effective at dose level as mall • Reith and aigl.y believe that the

active antigen is an BNA-pr ot.in complex (17 , 26 , 27) . A glycoprot.in or

aucopolysacchsrids was credited by Nouchens and Wright for the antig.nicity
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they observed in a riboscunal vaccine (9). Medina et al (18 ) attributed

protection , in the strain of mouse that responded , to a “Venneman-type” RNA

(34) . Most recently, Eisenstein (5) has concluded that it is the 0 antigens . .

contaminating either the crude ribosomes or the RNA and protein derived

from them that are resp onsible for i aunity. This agrees with our observa-

tians reported more than a year ago at the Convocation of Ismunology in

Buffalo (1) . 
-

The work reported in this paper compares the ismunizing efficacy of

several fractions prepared from S. ~yphi~~arium riboscmes. The results

suggest that the protective moiety becomes adherent to the ribosome. during

th. extraction procedure or is normally associated with them. Because of

this conclusion , a detailed description of the steps involved in isolating

the fractions used in the experiment, is given below.

MATERIALS AND METHODS

Animals. CF-i female albino mice were obtained from the Carworth

Farms Division of Charles River Laboratories , Portage, Mich . Young adults

weighing 18 to 25 g were used in all experiments. They were housed 10/cage

and given Purina Mouse chow and water ad libitum.

Organism. S. typhimuri um strain SR-li was the source of vaccines and

was used also as the challenge organism. The 50% lethal dose (W~~) .  esti—

mated by the method of Reed and Muench (22) , was 20 organismsMous.. Surviva l

was measur ed for 30 days after intraperitonea l challenge.

Xi unizations. Mice were ismiunized subcutaneously with a single inj.ction .

The desired amount was suspended in 0.1 ml of sterile , nonpyrogenic isotonic

saline. Control animals rec.ived saline alone .

1 .lne assay. Mice were challenged intraperitoneally iS days post-

•—~~~ —— ——•~~--—•- - - •—— - • - .~——.~~ — -•—•--•-~•~.--• ——.-• -— -•-• •-•
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i unization with 1,000 (10,000 colony-forming units) of the virulent

strain. I unity is reported as the number of animals surviving 30 days

postchallenge over the total number infected. The significance of the data •

was determined by the chi—aquare test (29) .

Preparation of crude ribosomes. Crude ribosomes were prepared by a

modification of the procedure described by Remold-O’Donnell and Thach (23) .

A 10-liter broth culture of S. typhimurium SR-li , in midlog phase of growth ,

was harvested by continuous-flow centrifugation at 40,000 x g at 40 C. The

bacteria were washed in 0.02 M tris (hydroxyinethyl ) aminomethane (This )—

hydrochloride buffer , pH 7.2 and medimented at 27 ,000 x g for 20 mm at 4 C.

The cell mass was drained and frozen at -80 C until used . The frozen cells

were ruptured by alumina grindi ng and suspended in 0.02 M This-hydro chloride

buffer , pH 7.5 , containi ng 0.1 N MgC12 and 0.005 M 2-mer captoeth anol (BME )

(buffer A) such that 1.5 ml of buffer was added per g (wet weight ) of cells.

Th. alumina was removed by centrifugati on at 10,000 x g for 15 m m .  Deoxyribo-

nuclease was added to a final concentration of 3 ug/~nl, and after approximately

15 mm of incubation at 0 C the mixture was centrifuged twice for 30 mm , the

first at 20,000 x g and the second at 30 ,000 x g, to remove cell debris .

Crude ribosomeB were isolated fr om the resulti ng supernatant solution by

centrif ugation for 3 h at 270,000 x g. The pellet was resusp ended in 0.05

K This—hydrochloride buffer, p11 7.7, containing 0.05 N NH4C1, 0.02 N MgC12 ,

and 0.005 M 3MB (buffer B) at approximately 50 ung of ribosounes per ml. The

riboemme concentration was estimated from the absorbance of the solution at

260 sm (as described below). The crude ribosomes were stored at -80 C until

used.

Preparation of high-salt wash. To a solution of crude riboscxaes solid

reagent grad. 4C1 was added, with gentle stirring , to bring the f inal
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concentration to 1 N. The solution was held at 4 C overni ght and then

centrifuged at 270 ,000 x g for 3 h. The resulting supernatant solution (high-

salt wash) was retained and stored at -80 C until used.

Preparation of washed ribosanes. The pellet obtained from the salt

wash was resuspended in a 0.05 N This-hydrochloride buffer, pH 7.7, containing

1 N NH4C1, 0.02 N MgC12 , and 0.005 H BilE (buffer C) at a concentration of

approximately 50 mg/mi. The ribosomes were resedimented by centrifugation

at 270,000 x g for 3 h, and the pellet was again suspended in buffer C and

allowed to stand overnight at 270,000 x g for 3 h, and the riboscunal pellet

was resuspended at a concentration of about 50 mg/mi in buffer D (0.01 N

This—hydrochloride , pH 7.5, 0.05 N NH4CI, 0.01 N MgCI2, and 0.005 K 3MB). The

solution was clarified by centrif ugation at 30,000 x g for 20 m m .  The

washed r ibosomes were stored at -80 ’C.

Preparation of protein fractions. Protein was extracted from the high—

salt wash by the method of Kurland at al (14) . An aliquot of the high—salt I 
-

wash was stirred vigorousl y in an ice bath . To the mixture , one-tenth volume

of 1 M aqueous 
~~~~~ 

was added , and as quickly as possible 2 volumes of

glacial acet ic acid were added . The mixtur e was kept in the ice bath and

stirred for 45 mm and then centrifuged at 30,000 x g for 20 a m .  The super-

natant solution was ret ained and stored at 4 C. The precipitate was suspended

in a email amount of 67% acetic acid containing 0.032 M MgCl2, stirred on

ice for 20 mm , and centrif uged as above. The two supernatant solutions were

combined and dialyzed overnight against 0 • 05 H This-hydrochloride buffer ,

pH 7.5 , containing 0 • 05 K N.Cl and 0 • 005 N EKE • A precipitate formed during

dialysis , but no att ~~~t was made to remove it. The dialyzed mixture was

adjusted to approximately pH 7 with 1 K This base and stored at -80 C.

Extraction of EKA . R1~~ from the crude and washed ribosomes was

- - _ __s__ ._• —•—~ - —---~ --—•- ---~---- — --j- -- .&__ _ _ _ _ _  - - ••..~-— —. - - - - ——----—- — —-- •---- - —• -~
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isolated by the method of Venneman (34) . To the crude or washed ribosomes ,

1 volume of hot (65 C) phenol saturated with buffer B (0.05 H Tris-hydro-

chloride buffer , pH 7.2 , containi ng 0.5% sodium dodecyl sulfate (SDS)) was

added , and the mixture was agitated vigorously for 10 mm in a 65 C water

bath. The aqueous phase was separated from the phenol phase by centrifugat ion

at 1,000 x g. The aqueous phase was extracted twice again with hot buffer-

saturated phenol. Subsequent to the final centrifugation , the upper two-

thirds of the aqueous phase was carefully removed and bro ught to 0.1 N NaC1

concentration by the addition of 1 M NaCl in 0.05 N This-hydrochloride

buffer , pH 7.2 (buffer F) .  To this solution, 2 volumes of cold (—20 C)

absolute ethano l were added , and the mixture was permitted to stand over-

• night at —20 C.

The following day, the nucleic acid precipitate was collected by : -

centrifugation at 27,000 x g for 5 m m .  After resuspension in buffer ?,

2 volumes of cold (—20 C) absolute ethano l were added , and the mixture was

stored at -20 C for 4 1*. Tb. precipitate was again collected and resusp ended

in 50 ml of buffer F and 1 volume of 1% SDS. The mixture was stirred for

30 mm at 25 C. Two volumes of cold abaolute ethanol were added to precipitate

the nucleic acid. Tb. mixtur . was incubated at -20 C for 4 h. After collection

by centrifugation, th. nucleic acid was suspended and reprecipitated four more

times as just described. The final pellet was suspended in buffer F and

stored either frozen at —80 C or af ter 1.yophi lization.

R1~~ was extracted from the high-salt wash of crude r ibosomes with 8DB-

phenol according to a modificati on of the method described by Noldave (19) .

To an aliquot of the high-salt wash , solid SDS was added , with gentle stirring,

to give a final concentration of 1.5% . An equal volume of phenol that had

been saturated with 0.01 N potassium phosphat . buffer, pH 7.2 , containi ng

0.1 K MaCi and 4% 8DB was added . The mixture was

~-~— —~~~~~~~~~~~~ -~~~ — —~ — .—~~~~.- -—~~~~~ ~~~~~ -—~~~~~~~~~~~~~ ~~~
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stirred vigorously, by intermittent use of a Vortex mixer, for 30 mm at

room temperature. The mixture was cooled on ice and then centrifuged at

30,000 x g for 30 m m .  The resulting layers were separated by aspiration

and retained for further treatment • To the aqueous phase , an equal volume

of buffer-saturated phenol was added . The mixture was stirr ed at room

temperature , cooled , and centrifuged as before. The two phenol phases were

combined , and a small amount of water (about one-fifth ) the volume of

the origina l high-salt wash aliquot ) was added . The mixture was stirred

and centrifuged as above . The phenol was discarded and the water layer was

combined with the aqueous phase from the previous centr ifugat ion. The solution

was r educed to approximate ly one-half its or iginal volume in a rotary

evaporator at room temperature. If necessary , just enough water was added

to dissolve any precipitate formed during condensation . To the clear

solution , 2 volumes of cold absolute ethanol were added and the mixture

was stored at -20 C overnight . The precipitated RNA was collected by centri -

fugation at 30,000 x g at -10 C for 30 m m .  The RNA was washed twice by

dissolving it in a minimum volume of 0.2 N sodium acetate buffer , pH 6. The

RNA was reprecipitated with ethanol, al lowed to stand at —20 C for at least

2 h, and recovered by cent r ifugat ion as above . After the final washing •1

operation , the precipitated RNA was dissolved in the sodium acetate solution

and stored at -80 C.

The RN? preparations were separated from contaminating small-molecular-

weight carbohydrates , nucieotides , SDS, and phenol by chromatography on

Bio—Gel P—6 (molecular exclusion limit , 4,600) . An RNA preparat ion in 5 ml

of 0.01 K phosphate buffer, pH 7.2, containing 0.1 N MaCi was placed on a

column of Bio-Gel P—6 (50 by 1.5 cm) were collected at a flow rate of 60 mI/h .

The fractions were monitored with an Isco model UA-2 recording ultraviolet

-- —~—-—----—-----•-—— -____j~~~ -— --_- ---——~~~~~ -——-- ,- - - ____________
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analyzer at an absorbancy at 254 nm (A
254

) .  -

Assay for ribosouna l integrity . Crude and washed r ibosome s prepared

as described above were assayed for the ability to bind N-acetylphenylalanyl-

transfer RNA (tRNA ) and to catalyz e poly (U)-direct ed incorporation of phenyl—

alanine into polypeptide. The N-acety lphenylalanyl-tRNA binding assay was

conducted as previously descr ibed (31) using highly purified E. coli initia-

tion factors and rate-limiti ng amounts of S. typhimurium r ibosomes. Poly-

pheny ialanine synthesis was measured by a modification of the procedure

described by Ravel and Shorey (21) using highly purified E. coli elongation

factors. The reaction mixture was supplemented with 2.5 pg of EF-TS,

8 pg of EF-TU, 16 pg of EF-G, 0.15 mg of E. coli tENA charged with 100 pnol

of (14C) phenyla lanine , and rate-limiting amounts of S. typhimurium r iboscines.

Tests for endotoxin. An interve nous injection of 2 mg of lead • 
-

acetate sensitizes mice at least 100—fold to the lethal effect of intra —

peritonea lly administered endotoxin (25) . Graded amounts of the different

vaccines were tested for their ability to kill lead-sensitized mice.

The Limulue lysate coagulation test of Levin and Bang (15) is probably

the most sensitive measure for endotQxin known . It suffers from lack of

specificity (6) but was used to test the vaccines.

Vaccines were injected in graded doses to see if recipient mice were

able to survive 48 h after challenge with 2 LD&, of S. typhimurium endotoxin

prepared by the phenol-water extraction method (20) .

Analyses. The protein concentration of solutions was estimated by the

method of Warburg and Christian (40) and also by the procedure descr ibed by

lowry et al. (16) . Carbohydrate concentrations were assayed by the phenol—

sulfuric acid method of Dubois et al. (4) using D-glucose as the standard .

RNA concentration was estimated by the orcinol test (3) using !. coli B tRNA 

~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~ _~~~~~ ~~~~~~~~~~ •~~~~~~~~— ~—-~~ ~~~~~~~~ - • —~~ - .--~ .—- — -
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as the standard and also by the absorbance of solutions at 260 run assum ing

24 A260 units correspond to 1 mg of RNA per ml (41) . Deoxyribonucleic acid

was determined by the diphenylam ine test of Burton (2) . The concentration of

ribosomes was estima ted spectrophot ometrically assuming that 14.4 A
260 units

corresp ond to 1 mg of riboscunes per ml (21) .

RESULTS

Ininunizations with crude and washed ribosomes. To determine whethe r

the active moiety of a riboscnual vaccine was an integral component or a con-

taminant of the preparation , mice were inj ected subcutaneously with 100 , 50,

or 5 pg of either crude or washed r ibosotn es. Animal s injected with saline

served as controls . The mice were challenged intraperitonea lly 15 days

later with 1,000 1D~~ of salmonellae. Deaths were recorded daily for 30

days. The results are presented in Table 1. One hundr ed , 50 , and 5 pg of

crude ribosanes were all highly invaunogenic. Only 100 pg of washed ribos omes ,

however , provided similar level of protection . This suggests that the active

antigenic component was removed by washi ng the crude rib osomes with NH4C1.

Ability of crude and washe d r ibosanes to bind N-acety lpheny lalanyl -tRNA.

Table 2 summarizes the evidence that establishes the ability of crude and

washed S. typhimuri *mi r iboscmes in combination with E. coli initiat ion

factors to bind N—acety l- (14C)pheny lal.anyl—t RNA. Also shown are results

obtained in an identical system in which homologous S. coli r ibosounes were

used . It is evident that , even though the latter were mor e active , washed

!• typhimurium r ibosanes were no less active than the crude ribosomes. No

component of the r ibosomes needed to initiate protein synthesis was lost ,

therefore , in the washing procedure. In separate exper iments crude and

washed S. typhimuritsn riboscunes were found to be equally active in catalyzing

poly (U) -direct polyphenyla lanine synthesis . 
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Immunization with high-sa lt wash from crude ribosome s. Crude r ibososnes

lose between 20 and 30% of their weight as a result of the high—salt wash .

The app roximate amount of material derived from 50, 15 pg, and 5 pg of crude

r ibosanes was used as a vaccine . Its efficacy is shown in Table 3 and is

compared with that of both crude and washed r ibosomes.

The materials removed from the crude r ibosc*nes were highly immunogenic

and protected mice against lethal challenge in approximate prop ortion to the

quantity originally present on crude ribosomes. Even 1.5 pg of the high—salt

wash afforded significant resistance to infectious challenge . When the two

smaller amounts of high—salt wash (5 and 1.5 pg) were added back to 50 and 5

jug of washed ribosomes , the re sulting immunity was about equivalent to that

obtained with the high—salt wash alone . It was also similar to the protection

obtained with crude ribosounes. Quite clearly , therefore , protective anti gens

can be removed f ran immunogenic crude ribos anes, and when these are added back

to poorly immunogenic washed ribosoines no synergistic effect app ears . It is

important to note that washed- ribosomes afford only about one-tenth the

protection obtained with the same weight of crude ribosomes.

Ininunization with high-salt wash protein and RNA. Mice were immunized

with 18, 9, 3, or 1 pg of protein and with 3.0, 1.0 or 0.1 pg of RNA, isolated

from the high—salt wash . The approximate weight of crude r ibosounes that had

to be subjected to the high-salt wash to yield the antigenic dose administered

to the mice is indica ted in column 1 of Table 4. The percentage of surv ival

30 days after challenge is also shown in the table . The closest equivalence

in protection provided by the materials derived from crude ribosanes was

provided by both the high-salt wash and the protein. In order for the RNA to

be protective , a much larger quantity of crude ribosomes had to be processed .

Even though the two larger amounts of RNA afforded significant resistance to

_ _ _ _ _  - --~~~ —---~~—~~-—- .-~--- -- - - —-~~ 
-

~
--- - --- -— —~~ -------- -~~ - —~- ------—~~~ —-



— — .. ~~~~~—--- ~~~~~~~~~~
__________-. -~~~ 

— 10 — 
7

the challenge infection, it is not likely to be the antigenic component in the

high-salt wash. Both preparations were contaminated with approximately 2%

àarbohydrate as measured by the phenol—sulfuric acid test of Dubois et al. (4) .

Its contribution to the ~~~unity these substances elicited is not likely to

have been significant because of the quantity involved.

Immunization with RNA extracted from crude and washed ribosomes. To

determine whether RNA acts as an adjuvant for a contaminating immunogen in the

crude ribosomal vaccines, RNA was extracted by the method of Venneman (34) from

crude and washed ribosomes and injected into mica • The mice received 100 , 10,

1, or 0.1 pg of RNA from crude ribosomes and 100, -50 , or 5 jug of RNA extracted

from washed ribosomes. The percentage of survival after challenge is sum-~arized

in Table 5 • RNA extracted from washed ribosomes protected 20% of mice given

50 pg. but all animals died when the immunizing dose was only 5 pg. By com-

parison, 10 and 0.1. pg of RNA from crude ribosomes permitted, respectively ,

80 and 40% of the mice to live. This provides additional evidence for the

fact that an active moiety associates with the RNA during its isolation from

crude r ibosomes. Presumably this substance is removed during the washing

process used to purify ribosomes.

Assays for the presence of endotoxin in vaccines. Because of the implied

need for the presence of “contaminating ” substances for the prophylactic

activity of crude ribosomes and the RNA derived from them , several of the

vaccines were assayed for the presenc e of cell wall fragments , specifically

for endotoxin. The first assay made usa of mice sensitized to endotoxin by

an intravenous injection of 2 mg of lead acetate. Immediately thereafter the

animals were given an injection of one of a series of graded doses of a

V vaccine. When purified lipopolysaccharide from S. typhimuriuni was injected

- into lead—treated mice, 5 pig was 100% lethal (25). The results with vaccines

are si~~~~rized in Table 6. It is clear that smaller amounts of protective

~
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vacc ines were required to kill lead-sensitized mice than of poorly protective

vaccines. On this basis , endotoxin seems to be associated with immunogenic

preparations.

The second test used is specific for endotoxin. A 500 pg amount of each

of the vaccines was given to groups of seven mice. Two days later , 2 of

endotoxin were administered . The results are given in Table 7. Sharp

differences emerge. Only the protective vaccines were able to induce toler -

ance . Poorly protective vaccines did not. There can be no question , there-

fore, but that the effective vaccines contained endotoxin in an amount estimated

to be about 1% by weight . This is based on the amount of endotoxin required

to induc e tolerance. It is not surprising that such all amounts are difficult

to detect by chemical means (20) .

The Limulus lysate assay was used also as a test fo~ endotoxin , but it

proved to be too sensitive . All vaccines clotted the lysate , but since RNA

alone has this effect (6) no meaningful information emerged from this experi-

aent. -

DISCUSSICII

The results presented in this paper clearly establish that some substance (s)

separable from r ibosome s is resp onsible for the protection against infection

pr ovided by riboso unal vaccines. The removal of the ant igenic contaminant by

washi ng with NH4C1 solution is made all the mor e evident by the efficacy of

the wash itself. The highly protective RNA extracted consistently from crude

r iboscmes that are themselve s excellent vaccines cannot be derived from the

poorly i unogenic washed riboeo.es. This fact support s the arg~anent that

surface adherent s and not internal constituents of ribosounes ar ~ responsible

for the .xcellsnt level of ~~~unity these substances provide .

The chemical nature of the antig.nic deter minant has not been resolved . 
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Conflicting reports from different laboratories attempting to resolve the

matter are not easily explained . Even though there is no reason to doubt the

accuracy of observations that are in disagreement, there are sufficient

4 differences in experimental, details to make identical results unlikely . This

conclusion is best evidenced by the details summarized in Table 8 •

No laboratory has attempted to duplicate precisely exper iments done by

another , and yet there is a tenden cy for one group to assume that lack of

agreement is attributable to technical inadequacies. Such variables as the

strain of mouse used , route of immunization and challenge , use of adjuvants ,

dose level of vaccine administered , the number of W50 s used for the challenge,

the assessment of level of immunity, and procedures for preparing vaccines and

for challenge are evident. A diversity of approaches is desirable as long as

acme effort is made to explain the basis for nonconformity of results. This

has not been done.

Bacteria have been ruptured by at least three methods. These inc lude

4 use of the French pressure cell, the sonicator , and alumina grinding. Each

is capable of producing some undesirable alteration in the chemistry of the

final product, especially scuiication and, to a lesser extent , the French

press .

Our results (1) agree essentially with those of Bisenstein (5) . She made

use of well-characterized mutants of S. typhimurium, S. adelaide , and S.

enter itid is to conclude that 0 antigens must be present for a vaccine to be

effective. We used a cell wall-deficient mutant of S. typhimurium and were

unabl. to prepare an immunogenic “Venneman type” of RNA (34) . Bisenstein , while

d onstrati ng a high degree of protection with the RNA she prepared from smooth

strains, used an estimated minimum of 44 pg as the immunizing dose. The

- 

challenge was with 20 to 40 LD~~.
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One of the difficulties in dealing with the identification of the active

fraction of a crude ribosamal vaccine is the “stickiness ” of these particles .

Kurland (13) has reported that about 30% of the weight of freshly isolated . .

ribosomes can be removed by (diethylaminoethyl) column chroma tography without

altering their ability to function in an in vitro system. We estimate that our —

crude ribosomes lost between 20 and 30% of their initial weight as a result

of the high-salt wash. The immunogenic activity they retained could be

attributed to remaining contaminants. Because lipopolysaccharides seem to be

present in amounts too small for detection by conventional analytical means ,

it has not been possible to exclude them as the active component of the vaccines.

Venneinan (34) recognized this and stated it in his last paper . Johnson (12)

identified 0 antigens in an immunodiffusion assay of preparations that were

inactive as vaccines . Why his preparat ion was inactive is not clear.

Since biological tests for endotoxin may be more sensitive than chemical

determinations of small amount s of lipopolysaccharides , the proof of their

presence in active , but not in inactive , vaccines is significant (Cf. Tables

6 and 7) ,  especially when combined with the othe r types of evidence that point

to the same conclusion . Other investigators might profit from the use of

these assays. When polynucleotides are known to be present , the Limulus

lysate clotting test has dubiou s value , since Elm and Wolff have shown

that substances other then endotoxin can produce coagluation of the lysate (6) .

It is important to recognize that the type of active antigen present in

ribo sounally der ived vacc ines from S. typhimurium is not necessarily the same

as that found in vaccines similar ly prep ared from other pathogenic microorganisms .

The Toumans (48) may be correct in attributing the activity they have so

convincingly d~~~nstr ated for their 14. tuberculosis vaccine to double-stranded

Rk~~. It is active only when protected by incorporating it into Freund incomplete

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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adj want, and it is far more labile to heat and ribonuclease than the salmo-

nella. preparations. It would be prematur, to assume, therefore , an identity

of antig.nic type. in all ribosomal vaccin es. Even though unan swered questions .

remain in work so far reported , there is no better justification for con—

tinued experimentation than the remarkably high degree of protection they

confer . No one can deny that 0 antigens, either in combination with isolated

cell walls or when incorporated into Mj uvants, fail to provide the infection

immunity elicited by riboscunal vaccines. Not only do the latter protect as

well as any observed , but they may also pr ovide cross-immunity against strains

(5) . These are the considerations that make further work imperative . 
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TABLE 1. Comparative imminogenicity of crude and washed ribosomes

Dose Living/acc ~ (pg) Total Survivala

Crude ribosomes 100 19/20 95
50 19/20 95

5 16/20 80

Washed riboscees 100 19/20 95
50 11/20 55
5 4/20 20

Saline 0/20 0

a Thirty-day survival after intraperiton.al challen ge with 1,000 of
S. typhimurium SR—il.

H.
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TABLE 2. Ability of crude and washed riboscmes to bind N-acety lphenylalanyl-
t—RNA

N—acetyl— (14C)—
Prepn Concn ~ag) phenylalan ine

bound (pnol )

Crude S. typhimurium 100 4.0
ribosomes 200 5.8

Washed S. typhiznurium 100 3.8
ribosomes 200 7.8

Washed S. ccli ribososes 100 12.4
200 21.9
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TABLE 3. Immunogenicity of crud e and washed riboscines and of high—salt wash

Vaccine Dose (pg) Living/Tota l % Survivala

Crude ribosomes 100 19/20 95
50 19/20 95
5 16/20 80

- - 

Washed ribosomes 100 19/20 95
50 11/20 55

5 4/20 20

High—salt wash - 15b 35/40 88
5 33/40 83

1.5 24/40 60

Washed ribosomes + 50 + 5 8/10 80
high—salt wash 5 + 1.5 7/10 70

Saline 1/20 5

a Thirty-day survival after intraperitoneal challenge with 1,000 of
S. typhimurita S-il .

b Amounts derived from 50, 15, and 5 ,.zg of crude ribosc ses, respectively .
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TABLE 4. Immunogenicity of protein and RNA extracted from high-salt wash
(
~~~

)

Initial wt of crude Antigenic dose Living/Vaccine a briboscmes (pg) (j.zg) Total Survival

Crude ribosomes 100 19/20 95
50 19/20 95
5 16/20 80

IISW 50 - 15 34/40 88
17 5 33/40 83
5 1.5 24/40 60

HEW protein 100 18.0° 10/10 100
50 9.0 9/10 90
17 3.0 6/10 60
8 1.0 5/10 50

HEW RNA 1,500 30d 9/10 90
500 1.0 7/10 70
50 0.1 0/10 0

Saline 0/20 0

a Estimated weight of crude riboscmes from which the antigenic dose was derived.
b Thirty-day survival after intraperitonea l challenge with 1,000 of

S. typhimurium SR-il.
C Micrograms of protein.
d Microgress of RNA .

-_- -

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



J5~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~
‘
~
••• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~

I,

S

TABLE 5. Inin unogenicity of r ibosomal RNA

Vaccine 
- 

Liv ing/ 
Survivala

RNA from crude ribosomes 100 10/10 100
10 8/10 80
1 4/10 40

— 

0.1 4/10 40

RNA from washed ribosomes 100 5/10 50
50 2/10 20

5 0/10 0

Saline 0/10 0

~ Thirty-day survival after intraperitoneal challenge with 1,000 of

S. typhimurium SR-il .
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TABLE 6. Lethality of r iboscmally derived vaccines in lead—sensitized mice

Vaccine Dose (gag) Living~~ota i % Survival

Crude ribosomes (ivinuno— 500 0/5 0
genic) 300 0/5 0

150 1/5 20

Washed riboscines (poorly 500 1/5 20
immunogenic )

RNA extracted from crude 500 0/5 0
riboscmes by Venneman 300 - 0/5 0
method ( immunogenic) 150 1/5 20

RNA extracted from washed 500 4/5 80
ribososes by Venneman
method (poorly immuno-
genic)

Endotoxin 10 0/5 0

Lead control 5/5 100
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TABLE 7. Induction of tolerance to endotoxin by ribososally derived vaccines

Vaccine Dose (pg) Livingflotal % Survival

Crude ribosomes ( immunogenic) 500 7/7 100

Washed ribosomes (poorly iimmino— 500 0/7 0
genie)

RNA extracted from crude ribosc.ss 500 7/7 100
by Vennenan method (i uno-
genie)

RN~ extracted from washed ribosc.es 500 0/7 0
by Vennesan thod (poorly

• i unogenic)

Salt wash from ribosomes (i uno— 500 7/7 100
genie)

Endotoscin (induces tolerance) 10 7/7 100

Saline controi 0/7 --
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