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ABSTRACT 

Previous studies of the effect of rickettsial parasitism on host 

metabolism demonstrated that the utilization of glucose is shifted toward 

the hexose monophosphate pathway. In this investigation, the embryonated 

14 32 chicken egg labeled with glycine-U-C , P -orthophosphate, and tri-

tiated thymidine was employed as the host system. 

Studies of the carbon dioxide produced by normal, control and 

14 infected eggs injected with glycine-C revealed that infection caused a 

decrease in the amount of radioactivity appearing in this form. 

The nucleic acid fraction was isolated from the chorio-allantoic 

membranes, the embryos, and the yolk sac membranes of normal, 

control and infected egg pools. The RNA in each pool was shown to be 

« A 32 
labeled with both C and P . In addition, the RNA of infected tissues 

showed a higher specific activity than that of the control groups. 

14 Hydrolysis and chromatography of the RNA revealed that C 

14- 32 adenine, C -guanine and all P -nucleotides had specific activity 

values which were higher in the infected group than those of the unin

fected host systems. Identical results were obtained for C^-labeled 

DNA. 

Rickettsiae were purified from infected yolk sacs of a separate 

pool. The rickettsiae were shown to have incorporated all of the labeled 

viii 
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compounds studied and the presence of each label could be demonstrated 

in rickettsial nucleic acid extracts. The RNA was shown to contain 

C^-adenine, C^-guanine and P^-labeled purine and pyrimidine 

nucleotides. 

3 Rickettsiae grown in hosts injected with H -labeled thymidine 

were radioactive and cell fractionation procedures indicated that ninety 

percent of the label was in DNA. 



INTRODUCTION 

Physiological Studies of Rickettsiae 

The obligate intracellular parasites, classified as rickettsiae, 

share a common biological property with the viruses in that they cannot 

be cultivated on lifeless media. However, morphological, chemical, 

multiplication and metabolic studies demonstrate that these organisms 

have much more in common with bacteria (Cohn, I960). Morphologically 

they are coccobacillary or bacillary in shape and are resolved by the 

bright-light microscope. Observations made with the electron micro

scope (Plotz et aU, 1943; Weiss, 1943; Mudd and Anderson, 1944a, 

1944b; Van Rooyen and Scott, 1949; Wissig et al., 1956; Tousimis, 

1956) have confirmed the classic descriptions of da Rocha-Lima (1916a, 

1916b) who was able to distinguish a "cell wall-like" structure in 

Giemsa stained preparations of rickettsiae propagated in the louse. 

Chemical studies have shown that the limiting membrane of 

Rickettsia typhi has a general composition, which resembles that pres

ent in bacteria (Schaechter et al., 1957b). The amino sugar, muramic 

acid, found only in the cell walls of bacteria and some blue-green algae, 

was found in the outer envelope of Coxiella burnetii (Perkins and Alli

son, 1963) and JR. typhi (Allison and Perkins, I960). Advances in 

purification methods have permitted studies of these organisms in a 

1 
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highly purified state and analysis of such preparations have demonstrated 

the presence of both ribonucleic acid (RNA) and deoxyribonucleic acid 

(DNA) in a ratio of approximately 3. 5:1 (Cohn et al., 1958). This is a 

value which is similar to that found in bacterial cell studies. 

Da Rocha-Lima (1916a), working with lice infected with epi

demic typhus, and Wolbach (1922), working with R. rickettsii, from 

their microscopic examinations of stained smear preparations suggested 

that rickettsiae multiply by binary fission. Schaechter et al. (1957a) 

using combined techniques of tissue culture and phase contrast micro

scopy, provided indisputable evidence that living R. rickettsii multiplies 

by binary fission. 

The major feature which has set the rickettsiae apart from the 

viruses is that they have an autonomous metabolism. This was first 

discovered by Bovarnick and Snyder (1949) who reported oxygen uptake 

and carbon dioxide production by partially purified suspensions of living 

epidemic and typhus rickettsiae in the presence of glutamate. This 

discovery laid the groundwork for all subsequent studies concerning 

rickettsial metabolic activities. 

Three important advances in rickettsial methodology contributed 

i 
greatly to this discovery. The first technical advancement was the 

development of improved methods of differential centrifugation and the 

second was the use of adsorbent materials which could be employed to 

obtain suspensions of viable rickettsiae as free from host material as 



possible. Fulton and Begg (1946) and Shepard and Topping (1947) first 

introduced the use of Celite in the preparation of rickettsial antigens. 

The third advancement was the development of a defined medium into 

which purified rickettsiae could be suspended and still maintain their 

viability for long periods of time. Viability could be maintained not 

only for the duration of an experiment but also during storage so that 

aliquots of a given suspension might be comparable. This medium was 

the sucrose-potassium-glutamate solution (SPG) introduced by Bovarnick 

et aL (1950). 

With the availability of these valuable tools, in vitro studies of 

rickettsial physiology made enormous advances. Bovarnick and Miller 

(1950) studied glutamate oxidation and demonstrated the existence of a 

rickettsial transaminase. They reported that the chief products of 
'j 

glutamate oxidation were ammonia, carbon dioxide and aspartate. 

Wisseman et al. (1951) confirmed the results of Bovarnick and her 

co-workers and also studied the factors affecting glutamate oxidation 

in typhus rickettsiae in order to determine the optimal concentrations 

of substances in the suspending medium. In later studies, Wisseman 

et al. (1952) investigated the pathway of glutamate oxidation and found 

that these organisms would oxidize a number of Krebs cycle inter

mediates but at a lower rate than glutamate itself. Karp (1954) treated 

purified rickettsiae with normal yolk sac antiserum and demonstrated 

that a number of enzymatic activities were lost. However, the rate of 
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glutamate oxidation remained unchanged. Evidence for the presence of 

a gLutamic-aspartic transaminase in R. mooseri was demonstrated by 

Hopps et al» (1956). 

Price (1953) found that spotted fever rickettsiae oxidized 

glutamate and some Krebs cycle intermediates and Paretsky et al. 

(1958) reported that C. burnetii formed citrate from acetate. They 

also reported that oxalacetate, adenosine triphosphate (ATP), coenzyme 

A (Co A), and diphosphopyridine nucleotide (DPN) were required for the 

reaction. 

The Importance of Nucleotide Coenzymes 
in Rickettsial Physiology 

The oxidation of glutamate provided a model reaction for the 

study of factors having an effect on rickettsial stability. Bovarnick et 

al. (1953) demonstrated that DPN played an important role in rickettsial 

metabolism. In addition to increasing survival, DPN increased oxygen 

uptake in glutamate oxidation. Triphosphopyridine nucleotide was 

observed to have the same effect. Rosenberg and Bovarnick (1954) 

presented evidence that inhibition of rickettsial activity occurred when 

adenosine diphosphate (ADP) was present. 

Freezing and thawing in isotonic saline caused.all rickettsial 

activity to be lost (Bovarnicjs. and Allen, 1954). Incubation of these 

organisms in a medium containing DPN resulted in a marked increase 

in the ability to oxidize glutamate and this respiratory rate was further 



increased by the addition of Co A. Assays showed that DPN leaked out 

of the cells during freezing and thawing in saline. Later Bovarnick 

and Allen (1957a) noticed that the freezing and thawing step could be 

substituted by holding the rickettsial suspensions at 0 C overnight. 

Incubation at 36 C in the absence of glutamate (Bovarnick and Allen, 

1957b) caused a rapid loss in activity but this could be prevented by the 

addition of glutamate, pyruvate, and ATP. The ATP level was found 

to rise during glutamate oxidation and to drop during incubation at 36 C. 

These observations confirmed the phosphorylation reactions previously 

studied demonstrating that anything causing a loss in ATP content, 

such as the absence of inorganic phosphate or the presence of dinitro-

phenol, lessened reactivation while the presence of Co A and DPN 

enhanced the utilization of phosphate to form ATP from ADP (Bovar

nick, 1956). Paretsky et al. (r95'8) reported an ATPase and an ADPase 

in C. burnetii. 

Gilford and Price (1955) also reported that Co A and DPN are 

important in maintaining virulence in R. rickettsii. Guardiola and 

Paretsky (1958) further studied reactivation by DPN and offered a hypoth

esis relating this phenomenon to the mode of action of para-amino-

benzoic acid (PABA) on rickettsiae. They suggested that inactivation 

of rickettsiae by PABA was due to inactivation of rickettsial DPN since 

restoration of activity was dependent upon the presence of this compound. 
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Hayes et al. (1957) studied the difference in absorption spectra 

between reduced and oxidized forms of respiratory pigments in R. 

mooseri and concluded that electron transport in rickettsiae was 

mediated by a flavin enzyme-iron-cytochrome system which probably 

included cytochromes a} and b*. 

Even though conditions can be maintained for assuring infec-

tivity, reactivation, oxidation of glutamate, and the formation of phos

phate bond energy by purified rickettsiae, techniques and media are not 

available for the propagation of these organisms in lifeless media. 

There does exist, however, some evidence that synthetic reactions do 

occur in purified rickettsiae. Although the early attempts of Hopps et 

14 al. (1956) were unsuccessful in showing incorporation of C -labeled 

glutamic acid into rickettsial protein or incorporation of P into 

nucleic acid, Bovarnick et al. (1959) were, able to detect a small but 

35 constant incorporation of methionine-S into the protein of typhus 

rickettsiae. A specific set of conditions was required for the demon

stration of this incorporation. Low concentrations of rickettsiae were 

employed since survival is better over long periods of time. It was 

necessary to perform these studies in a medium much more complex 

than SPG suspending medium. This complex medium contained all of 

the naturally occurring amino acids, glutamine, glutathione, most of 

the B vitamins, ribonucleotides, deoxyribonucleotides, DPN, Co A, 

diphosphothiamine, TPN, magnesium ion, ATP and a soluble protein 



fraction derived from normal yolk sac. These constituents were con

tained in a high potassium-ion medium buffered with phosphate at pH 7. 

Bovarnick and Schneider (I960) employed this system and 

14 i 
demonstrated incorporation of glycine-l-C byJR. prowazeki. This 

incorporation was inhibited by KCN, dinitrophenol, and chloramphenicol. 

Similar results were obtained by Fujita et al. (1959) and Kohno et al. 

35 
(1961) with R. mooseri in which they showed uptake of methionine-S 

and a C^-amino acid mixture. In another study, Bovarnick (I960) was 

14 also able to demonstrate uptake of acetate-l-C into the lipid fraction 

of typhus rickettsiae under identical conditions. 

Nucleic Acids of Rickettsiae 

Knowledge of the nucleic acids of rickettsiae has not reached 

the point of development as other areas of rickettsial investigation. 

Much of our information about nucleic acids was learned while studying 

other rickettsial properties. Cohen and Chargaff (1944) studied the 

antigens of R. prowazeki and extracted a nucleic acid fraction which 

absorbed maximally at 2575 Angstroms. Tovarnikij et al. (1946) deter

mined that the nucleic acid content of this organism was 12 percent. 

Callot and Vendrely (1948) in a cytological study treated Wolbachia 

pipientis with RNAase and DNAase and-demonstrated the presence of 

both nucleic acids. Both RNA and DNA were demonstrated in epidemic 

typhus rickettsiae by Ris and Fox (1949) who combined the techniques of 



phase contrast, eLectron microscopy, ultraviolet absorption and cyto-

logical methods to demonstrate that rickettsiae have a cellular organiza

tion similar to bacteria. Cohen (1950) suggested that R. prowazeki con

tained only DNA although he did not exclude the possibility that RNA may 

have leaked out of the cells in the purification procedure of the vaccine 

he studied. Stnith and Stoker (1951) were able to report base.ratios 

for the DNA extracted from C. burnetii and a similar analysis for DNA 

from R. prowazeki was reported by Wyatt and Cohen (1952). 

With the availability of improved methods in rickettsial purifi

cation and biochemical methodology, together with the knowledge that 

the concentrations of the components of the suspending medium were 

important in preventing the loss of cellular constituents, Cohn et al. 

(1958) reported that R. mooseri contained both RNA and DNA in a ratio 

of approximately three and one-half to one. They reported that there 

occurred a progressive loss of nucleic acid from these organisms 

when suspensions were incubated in vitro. 

A different approach to the study of rickettsial nucleic acids 

was reported by Beakley et al. (1962). In a study of host parasite inter

relationships, metabolism of the rickettsiae was studied in vivo using 

the fertile chicken egg as the host. Daily ratios of radioactivity appear

ing in carbon dioxide arising from glucose-1-C*^ and glucose-6-C*^ 

indicated that parasitism shifted host glucose metabolism toward the 



hexose monophosphate pathway. Analysis of the purified rickettsiae 

revealed that the major portion of the label present was located in a 

pentose. 



OBJECTIVE 

Because of the importance of nucleotide coenzymes demon

strated by in vitro studies and the indication from in vivo studies that 

nucleic acid metabolism is altered by infection, it was thought that a 

study of the nucleic acid components of infected and noninfected tissue 

would provide definite information concerning the relation of parasite 

and host metabolism. In order to achieve this goal, nucleic acids 

were specifically labeled with radioactive isotopes. 

The first study of this project was to compare the amount of 

radioactivity found in the carbon dioxide produced by infected hosts 

with that of noninfected hosts, when injected with radioactive glycine. 

^ The second study of this investigation was to determine the 

fate of the label in the host by studying the cell fractions obtained from 

the egg components of infected and noninfected systems. 

The third study was to isolate the nucleic acids of the host 

tissues and see what effect infection has on the label in terms of specific 

activity differences in both the nucleic acids themselves as well as the 

individual component bases. 

The fourth study was an attempt to obtain labeled nucleic acid 
* 

from the purified rickettsiae themselves and to compare the specific 
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activities of both the nucleic acid and its component bases with values 

obtained from host material. 

Moulder (1962), comparing studies of malarial parasites with 

those of rickettsiae, stated that: 

. . . the rate of rickettsial respiration and the ratio of 
rickettsial mass to host-cell mass are both so low that 
infected cells show no increased metabolic activity (Boze-
man et aU, 1956). Thus we cannot study the metabolism 
of rickettsiae growing intracellularly and are forced to 
extrapolate this behavior within host cells from the meta
bolic activities of free rickettsiae. 

It was felt that studies of this nature accept the challenge and that in 

vitro studies should be confirmed by in vivo investigations whenever 

the means is found. 



MATERIALS AND METHODS 

The Host 

Embryonated chicken, eggs from White Leghorn flocks of the 

University of Arizona were used as the host system for the rickettsiae. 

Because of the effect of residual antibiotics upon host oxygen consump

tion (Greiff and Pinker ton, 1950) as well as their rickettsiostatic effect 

upon the parasite itself (Greiff and Pinkerton, 1951), only eggs obtained 

from hens maintained on antibiotic-free rations were employed. 

The eggs were incubated in a Humidaire egg incubator, Model 

No. 55, at 37 C and 70 percent relative humidity. At three hour inter

vals the eggs were turned automatically at a 45 degree angle for a 

period of one hour after which they were returned to their original 

position. 

Egg fertility was determined by candling after 72 hours incuba

tion. The fertile eggs were further screened so that in any one experi

ment the eggs used were all approximately the same size. Thus 

fertility was ascertained before injecting with radioactive isotopes. 

Fertile eggs injected with radioactive isotopes were candled 

on the sixth day of incubation and then divided into three groups. The 

first group, 25 percent of the eggs, received no further injections. 

These served as normal controls. The second group, 25 percent of 
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the eggs, received 0. 2 ml of sterile sucrose-potassium glutamate (SPG) 

suspending medium (Bovarnick et^al., 1950) and served as a control for 

the rickettsial diluting medium. The third group, the remaining 50 

percent of the eggs, was infected with 0. 2 ml of a 20 percent yolk sac 

suspension of murine typhus rickettsiae. 

The Parasite 

Organism and Preparation 
of Stock Inoculum 

A lyophilized SPG suspension of the Wilmington strain of 

Rickettsia typhi was obtained from Dr. Henry S. Fuller, The Depart

ment of Rickettsial Diseases, Walter Reed Army Institute of Research, 

Washington, D. C. The material was resuspended in distilled water 

and injected into the yolk sac of seven-day-old fertile chicken eggs 

(Cox, 1938, 1952). Two male guinea pigs were injected intraperito-

neally and examined daily for characteristic scrotal response and rise 

in temperature. Each animal demonstrated a febrile response 

accompanied by scrotal swelling characteristic for murine typhus 

fever. Examination of smears prepared from the tunica vaginalis 

excised at the time of highest temperature revealed organisms possess

ing characteristic rickettsial morphology and color reaction when 

stained by the Macchiavello technique (Gray, 1954). 

Egg passage of the organism was accomplished by aseptically 

removing an infected yolk sac from a previously injected egg and 
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homogenizing it in sufficient sterile SPG to prepare a 20 percent yolk 

sac suspension. Eggs previously incubated for six or seven days 

were injected with 0. 2 ml of this suspension. Four-tenths ml of this 

preparation was also routinely transferred to plates of Brain-Heart-

Infusion agar as a check for bacterial contamination. 

After nine egg passages, a large pool of infected yolk sacs 

was homogenized in an equal amount of sterile SPG in a "Dispersal" 

Waring Blendor. Two ml portions were aseptically transferred into 

sterile 13 x 100 mm screw-capped tubes, shell-frozen, and stored at 

-60 C. 

In all of the studies employing isotopic tracers, a tube of the 

previously prepared stock inoculum was thawed rapidly in warm water 

and diluted with sufficient sterile SPG suspending medium to prepare a 

20 percent yolk sac suspension. Two-tenths ml of this preparation was 

injected into each of six day old fertile eggs previously injected with 

isotope. Embryos infected in this manner routinely appeared moribund 

on the fifth or sixth day after the injection of inoculum. Embryos that 

died before this time were discarded. 

Separation of Rickettsiae 
from Host Tissue 

In order to study the chemical properties of rickettsiae, a 

modification of the cation exchange resin purification method of Yama-

moto et al. (1958) and Hara (1958) was employed so that cells could be 
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obtained as free from host material as possible. It was believed that 

this method had an advantage over other methods (Craigie, 1945; Colter 

et al., 1956; Ribi and Hoyer, I960; Ormsbee, 1962) in that the procedure 

yielded viable cells. Rickettsiae purified in this manner also retain 

their antigenic properties for the complement fixation test, an important 

tool in their identification (Wertman, 1948; PlotzandWertman, 1945; 

Plotz et al., 1946). Egg ID50 titrations performed according to the 

method of Reed and Muench (1938) showed that rickettsiae purified 

according to this technique produced titers in eggs which were equal to, 

or greater than those obtained with infected yolk sac homogenates. 

Preparation of Ion Exchange Resin. - -To prepare the K* form 

of the exchange resin, five grams of Amberlite XE-64 were suspended 

in 40 ml of 1 N KOH, stirred and centrifuged at 160 x g for five 

minutes. The sediment was then resuspended in 1. 2% KCl, stirred, 

and centrifuged at 160 x g for five minutes. The 1. 2% KCl treatment 

was repeated until the pH of the supernatant became 7. 0 after which 

the sediment was again resuspended in 1. 2% KG I and centrifuged at 160 

x g for 30 minutes. The final sediment was resuspended in ten volumes 

of SPG and stored at 4 C. 

Purification Procedure. - -Infected yolk sacs were washed 

three times in SPG to remove yolk material and homogenized for one 

minute in a "Dispersal" Waring Blendor with enough SPG to make a 20 

percent yolk sac homogenate. This homogenate was then centrifuged 



16 

at 4 C at 14, 000 x g for one hour; the supernatant poured off and the 

inner surface of the centrifuge tube swabbed with cotton to remove 

traces of fat. The sediment was then resuspended in 10 ml of the K* 

form of Amber lite XE-64 plus enough, SPG to make the final volume 

approximately 40 ml. The resultant mixture was thoroughly shaken 

and then centrifuged at 160 x g for 30 minutes at 4 C. The resultant 

supernatant was then subjected to centrifugation at 14, 500 x g at 4 C 

for one hour. Purity of the sediment was checked by microscopic 

examination of smears stained by the Macchiavello technique which 

routinely demonstrated massive numbers of rickettsiae, small to moder

ate amounts of resin and no observable yolk sac material. 

The Radioactive Isotopes 

Radioactive Substrates 

The effect of rickettsial parasitism on host metabolism was 

14 32 studied using glycine-1, 2-C , P -orthophosphate, and methyl-labeled 

tritiated thymidine. 

14 
One-tenth miUicurie (mc) each of glycine-l-C and glycine-2-

C*^ (New England Nuclear Corp. ) were combined and dissolved in six 

ml of distilled water in order to prepare uniformly labeled glycine. 

This substrate was sterilized in the autoclave and the sterility deter

mined by streaking 0. 2 ml on a plate of brain-heart-infusion agar. 

Each fertile egg, after 72 hours incubation, was injected via the yolk 
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sac route with 0.1 ml of substrate. This amount produced 1, 420, 000 

detectable counts per minute (CPM). 

Labeled phosphate was obtained from Oak Ridge National 

Laboratory. One mc was diluted in 25 ml of distilled water, sterilized 

in the autoclave and the sterility checked by culture. Injection of 0. 1 m 

of this substrate was made into each four-day-old fertile egg. Assay of 

this amount on the day of injection produced 16, 360, 000 detectable CPM 

A sterile solution of tritium-labeled thymidine was obtained 

from Schwarz Bioresearch, Inc. Two hundred microcuries (uc) in a 

volume of 0. 2 ml were added to 6. 3 ml of sterile distilled water and 

sterility checked by culture. Into each four-day-old fertile egg was 

added 0.1 ml of this solution which produced 760, 000 detectable CPM. 

Detection and Assay of 
Isotopically-Labeled Compounds 

All radioisotope-containing compounds were assayed on a 

Peickard Tri-Carb Liquid Scintillation Spectrometer System, Model 

314 EX, at the 95 percent confidence level. 

In the experiment using labeled glycine, determination of the 

radioactivity in the carbon dioxide produced was accomplished by-

collecting the carbon dioxide from each egg at 24-hour intervals in 6 

ml of 2-aminoethanol in ethylene glycol monomethyl ether (1:2 v/v). A 

3 ml aliquot of this carbonate solution was added to a glass vial con

taining 15 ml of the scintillation medium described by Jeffay and 
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Alverez (1961). The medium was composed of toLuene: ethylene glycol 

monmethyl ether (2:1 v/v) which contained 5. 5 grams per liter of 2, 5-

diphenyloxazole (PPO). 

Tissue homogenates and egg fractions were first subjected to 

Lhe oxidation procedure of Van Slyke and Folch (1940) and the resultant 

carbon dioxide collected in nine ml of ethanolamine-ethylene glycol 

solution. A three ml aliquot of this carbonate solution was then added 

to 15 ml of scintillation medium as before. 

Ih all determinations involving this scintillation medium quench-

14 
ing effects were observed by the addition of 0.1 ml of a toluene-C 

standard to previously counted vials and correcting for any observed 

• decrease in activity. 

Assay of C^-labeled compounds which were in solution and 

O O O J 

all P and H determinations were accomplished by the addition of 

0.1 ml or 0. 05 ml of a sample to 10 ml of the scintillation medium 

described by Bray (I960) and had the following composition: 

naphthalene 60 g 

2, 5-diphenyloxazole 4 g 

1, 4-bis-2-(5-phenyloxazolyl)-benzene 0. 2 g 

absolute methanol 100 ml 

ethylene glycol monomethyl ether 20 ml 

p-dioxane to make 1 liter 
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Quenching was determined as before using 0,1 ml of a benzoic acid-

standard in methanol. 

Analysis of Rickettsiae 
and Egg Components 

Separation of Egg Components and 
Cell Extraction Procedure 

When the infected eggs became moribund all were removed 

from the incubator and divided into three groups. Eggs injected only 

with labeled substrate were combined into the normal control group. 

Eggs which received 0* 2 ml of SPG suspending medium at the time of 

inoculation of the intracellular parasite were combined into the SPG 

control group. Eggs which had been injected with rickettsiae were 

collected into the infected group. The yolk sacs of one-half of the 

infected eggs were subjected to the rickettsial purification procedure. 

Each egg was separated into yolk, chorio-allantoic membrane 

(CAM), embryo and yolk sac components. The CAM, embryo and yolk 

sac were washed three times in SPG to remove excess yolk material 

and pooled according to component group. All of the yolk and washings 

belonging to the same group were also pooled and aliquots removed for 

determination of the total CPM. No further studies were made of the 

yolk fraction or the washings. 

The remaining CAM, embryo and yolk sac pools as well as 

purified rickettsiae were further studied by subjecting them to a 
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modified. Ogux-Rosen (1950) nucleic acid extraction procedure. The 

egg material was frozen, thawed and macerated in a Waring Blendor in 

cold (4 C) SPG for one minute and centrifuged at 4 C at 14, 500 x g for 

one hour. The yolk sac fraction always contained a solid fat layer after 

cen.trifugation which was removed manually with an applicator stick 

after the supernatant was poured off. The supernatant was designated 

the "soluble" fraction. The supernatant obtained after the last centri-

fugation of the rickettsial purification procedure was considered the 

"soluble" fraction of the rickettsiae. 

Residue from the "soluble" fractions was then resuspended in 

3:1 ethanol-ether solution and boiled gently for three minutes in a water 

bath and centrifuged at 14, 500 x g for 30 minutes. This procedure was 

repeated twice and the supernatants combined to form the ethanol-ether 

fraction. 

The acid soluble fraction was obtained by resuspending the 

above sediment in cold (4 C) 0. 2 N perchloric acid and immediately 

centrifuging at 14, 500 x g for one hour at 4 C. This treatment was 

repeated and the supernatants combined. 

The remaining residue was resuspended in cold (4 C) 1 N per

chloric acid and allowed to remain overnight at 4 C with occasional mix

ing. The cells were then centrifuged at 14, 500 x g for one hour at 4 C. 

This procedure was repeated twice except that the cells were extracted 
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for one hour periods in cold perchloric acid and the supernatants com

bined and designated as the ribonucleic acid (RNA) fraction. 

The deoxyribonucleic acid (DNA) fraction was obtained by 

extracting the remaining residue with two hot 1 N perchloric acid 

extractions for 30 minutes in a water bath at 70 C. The cells were 

centrifuged at 14, 500 x g for one hour and the supernatants combined. 

The final sediment was considered the protein fraction. 

Analytical Techniques 

Cold 1 N perchloric acid fractions were checked for maximal 

absorption at 260 mu by reading absorption spectra on a Beckman DU 

Spectrophotometer. One N perchloric acid was employed as a blank. 

Nucleic acid concentrations for determinations of specific activities 

in CPM/mg were calculated from a nomograph based on the extinction 

coefficients for enolase and nucleic acid (Warburg and Christian, 1942). 

In the C14 experiments this fraction was then hydrolyzed by incubating 

at 37 C for 24 hours. After hydrolysis the perchloric acid was 

removed by precipitation with enough 10 N KOH to bring the solution to 

pH 9. In the studies using P^, alkaline hydrolysis was accomplished 

by neutralizing the perchloric acid fraction as above and incubating at 

37 C for 24 hours. More complete removal of perchloric acid was 

achieved by storing the samples for two hours at 4 C and then centri-

fuging at 4 C. This supernatant was then lyophilized to dryness and 



22 

the sediment resuspended in a minimal volume of 0. 01 N HCl for the 

and studies and 0. 01 N KOH for the P^ studies* Separation of, 

nucleic acid fractions was achieved by ascending chromatography on 

Whatman No. 1 filter paper using a tertiary butanol solvent system 

(Roberts et al., 1963) or an isopropanol solvent system (Wyatt, 1951; 

Fink et al. , 1963). Chromatographs were usually developed in one 

32 dimension except for the development of the P labeled nucleotides 

which were subjected, to two dimensional chromatography. After develop

ment the chromatographs were examined for ultraviolet (U. V. ) absorb

ing spots (Markham and Smith, 1949). 

Identification of U. V. abosrbing spots was accomplished by-

comparison with R.£ values obtained on chromatographs of known nucleic 

acid bases as well as absorption data obtained from spectrophotometric 

analysis (NAS-NRC Publ. 719, I960). Acid hydrolysis of the cold per

chloric acid fraction normally yielded adenine, guanine, cytidylic acid 

and uridylic acid whereas the alkaline hydrolysis procedure yielded the 

2' and 3' nucleotides. Specific activities of the bases were determined 

from their micromolar concentration as determined from absorption 

spectra data. 

Hot perchloric acid fractions were not further hydrolyzed but 

were treated in all other respects exactly as the cold perchloric acid, 

fractions. Two dimensional ascending chromatography was necessary 
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in order to effectively resolve bases apart from contaminating protein^ 

aceous material. 



RESULTS 

Labeled Glycine Studies 

Distribution of Isotope in 
Egg Components 

14 The percent distribution of C label in the main components 

of the egg pools is summarized in Table 1. This table indicates that 

the injection of rickettsial suspending medium in the control group 

shifts the metabolism of glycine such that the amount, of radioactivity 

appearing in the carbon dioxide is slightly increased. Infection with 

typhus rickettsiae tends to decrease the amount of radioactivity appear

ing in this form with an accompanied increase in the amount of label to 

be found in the embryo and embryonic membranes even though injection 

of rickettsiae at the time of inoculation is necessarily accompanied 

with an injection of about the same amount of rickettsial suspending 

medium. 

Determination of total CPM per egg varied considerably in 

that the value varied from one to two million counts per egg. However, 

the amount of isotope incorporated into the embryo, embryonic mem

branes and carbon dioxide produced approached a more constant value 

of 5. 5 to 6. 5 hundred thousand CPM per egg. In Table 2, the average 

percent distribution of label is summarized with the yolk fraction 

24 



25 

14 Table 1. - -Average Percent Distribution of C in Egg Components and 
Purified Rickettsiae Labeled with Glycine-U-C^ 

Egg 
Component 

Egg Pool* 
Normal Control Infected 

Carbon Dioxide 

Embryo and 
Embryonic Membranes 

Yolk 

Purified Rickettsiae 

9 . 8  

29.4 

60. 8 

13. 0 

30. 0 

57. 0 

10. 0 

32. 6 

57. 3 

0. 1 

*All egg groups injected with isotope on the third day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
A.U groups harvested on the twelfth day of incubation. Data repre
sentative of two separate experiments. 
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Table 2. --Average Percent Distribution of Expressed as Non-Yolk 
Fraction of Egg Components and Purified Rickettsiae Labeled 
with Glycine-U-C*^ 

Egg ' Egg Pool* 
Component Normal Control Infected 

Carbon Dioxide 24.9 28. 8 23.0 

Chorio-allantoic Membrane 11."8 12.2 16.0 

Embryo 39.4 34. 0 47.0 

Yolk Sac 23.9 25. 0 12.6 

Purified Rickettsiae - - 1.4 

*All egg groups injected with isotope on the third day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
All groups harvested on the twelfth day of incubation. Data repre
sentative of two separate experiments. 
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ignored and computation calculated from the number of counts found in 

the other portions of each egg. When expressed in this fashion, the 

decrease in label appearing in the carbon dioxide produced by the 

infected group is magnified and has a value lower than the control and 

normal groups. With the exception of the yolk sac membrane, more 

label is found in the embryo and embryonic membranes which would 

indicate greater utilization of glycine by infected eggs. 

It is believed that the low values obtained for the infected yolk 

sac are a reflection of tissue damage due to infection. In harvesting 

infected tissue, recovery of yolk sac is quite difficult as it tends to 

tear and break apart readily. Loss of material is unavoidable and 

washings that were combined with the yolk fraction would thus tend to 

give a higher value as would any rickettsiae liberated into this fraction 

during the infection process and harvesting procedure. 

Values obtained for percent radioactivity contained in the 

purified rickettsiae were determined by harvesting rickettsiae from a 

separate yolk sac pool and calculating uptake of isotope from the total 

amount injected in the entire pool. This value does not take into con

sideration the amount of label present in rickettsiae found in the other 

egg components. 

Distribution of Label in Cell Fractions 

The percent distribution of label found in the various cell frac-

- tions are summarized in Tables 3, 4, and 5. 
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TabLe 3. - -Average Percent Distribution of Label in Cell Fractions 
Obtained from Chorio-allantoic Membrane Pools Prelabeled 
with Glycine-U-C^ 

Fraction Normal 
Egg Pool* 
Control Infected 

Soluble 

EthanoI - Eth er 

Acid 

Cold Perchloric Acid 

Hot Perchloric Acid 

Protein 

32. 2 

3.1 

trace 

12.9 

23. 5 

28. 3 

34. 2 

3. 2 

trace 

12. 5 

21. 7 

28.4 

34.4 

3. 0 

trace 

10. 8 

23. 2 

28. 6 

*All egg groups injected with isotope on the third day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
All groups harvested on the twelfth day of incubation. Data repre
sentative of two separate experiments. 
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Table 4. - -Average Percent Distribution of Label in Cell Fractions 
Obtained from Embryo Pools Prelabeled with Glycine-U-C^ 

Fraction Normal 
Egg Pool* 
Control Infected 

Soluble 45. 1 44.4 44.4 

Ethano I - Ether 2.9 3. 3 2. 8 

Acid trace trace trace 

Cold Perchloric Acid 8.1 9. 3 7.1 

Hot Perchloric Acid 13. 1 13. 5 18. 0 

Protein 30. 8 29. 5 27. 7 

*AU egg groups injected with isotope on the third day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
All groups harvested on the twelfth day of incubation. Data repre
sentative of two separate experiments. 
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Table 5. - -Average Percent Distribution of Label in Purified 
Rickettsiae and in Cell Fractions Obtained from Yolk Sac 
Pools Prelabeled with Glycine-U-C^ 

Egg Pool* 
Fraction Normal Control Infected Rickettsiae 

Soluble 58. 0 54. 5 54. 3 38.0 

Ethanol-Ether 2. 6 3. 3 2. 6 17.4 

Acid trace trace trace tr ace 

Cold HC104 3. 5 5.9 3.4 1.3 

Hot HCIO4 3. 6 5. 6 12. 8 19.5 

Protein 32.3 30. 7 26.9 23.8 

*All egg groups injected with isotope on the third day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
All groups harvested on the twelfth day of incubation. Data repre
sentative of two separate experiments. 
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Cold Perchloric Acid Fraction. - -Extraction of the RNA from 

each of the three main embryonic components and purified rickettsiae 

with cold normal perchloric acid was performed repeatedly until no 

rise in the 260 mu spectrophotometric reading was observed. No 

further attempt was made to quantitatively extract all of the RNA from 

these tissues. Table 6 summarizes the specific activities of RNA 

fractions obtained in this manner. The dilution effect of the rickettsial 

suspending medium as demonstrated by the control values is completely 

overcome in infected tissues in which there is a significant rise in 

specific activity values in all cases. 

Hot Perchloric Acid Fraction. - -Specific activities of the DNA 

extracted with hot perchloric acid are summarized in Table 7. The 

results obtained are very similar to those obtained from the RNA 

except that the values obtained for infected embryos and yolk sac would 

tend to indicate that dilution effects of rickettsial suspending medium 

have not been completely overcome as in the RNA studies. 

Specific Activity of Purine Bases 

The specific activities in CPM/umole of the adenine and 

guanine bases obtained from the acid hydrolysis of the RNA fraction 

are summarized in Table 8. No activity was found in cytidylic or 

uridylic acid from any tissues. 
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Table 6. --Specific Activities of RNA Extracted from the Chorion 
allantoic Membranes, Embryos, Yolk Sacs and Purified 
Rickettsiae Labeled with Glycine-U-C*^ 

Egg Pool 
RNA Normal Control Infected 

Fraction CPM/mg CPM/mg CPM/mg 

Chorio-allantoic Membrane 95, 500 77, 500 162, 000 

Embryo 54, 000 45, 000 72, 000 

Yolk Sac 11, 600 11, 200 13, 100 

Purified Rickettsiae 14, 000 
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14 Table 7. - -Specific Activities of C DNA Extracted from the Chorio
allantoic Membranes, Embryos, Yolk Sacs and Purified 
Rickettsiae Labeled with Glycine-U-C^ 

DNA 
Fraction 

Normal 
CPM/mg 

Egg Pool 
Control 

CPM/mg 
Infected 
CPM/mg 

Chorio-allantoic Membrane 19 0, 000 12.6, 000 205, 750 

Embryo 137, 000 103, 520 129, 750 

Yolk Sac 210, 000 48, 200 69,450 

Purified Rickettsiae 147, 000 
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Table 8.--Specific Activities of Adenine and Guanine Bases Obtained 
from RNA of Egg Components and Purified Rickettsiae 
Labeled with Glycine-U-C 14 

Egg Pool 
Normal Control Infected 

CPM/umole CPM/umole CPM/umole 
Adenine Guanine Adenine Guanine Adenine Guanine 

Egg 
Component 

Chorio
allantoic 
Membrane 

5680 4170 4150 2770 7080 6425 

Embryo 

Yolk Sac 

Purified 
Rickettsiae 

3960 4170 

4070 5080 

3385 3460 

2825 3785 

6510 8870 

6200 8220 

5960 7300 



Purine and pyrimidine bases of the DNA fraction could be 

resolved only from the yolk sacs and rickettsiae. Label was found only 

in adenine and guanine and the specific activities are summarized in 

Table 9. These data are similar to that of the RNA bases in that 

values for infected tissues are higher than those of the control group. 

Labeled Phosphate Studies 

32 
The average percent distribution of P label in all egg groups 

and purified rickettsiae is summarized in Table 10. Values are based 

on the total amount of label injected in each pool as 100 percent. The 

difference between the total label extracted and that injected has been 

labeled unextractable and is assumed to be present in the protein residue 

remaining after cold perchloric acid extraction. A hot perchloric 

extraction was not performed because this procedure would hydrolyze 

the phosphate. Therefore, only the RNA fraction was studied. 

Table 11 summarizes the percent of label recovered from each 

cell fraction of all egg components. Values for rickettsiae are based 

on a value of 100 percent obtained by assaying an aliquot of rickettsial 

suspension before the last centrifugation in the purification procedure. 

The specific activities of the RNA from egg tissue and purified 

rickettsiae are summarized in Table 12. The dilution effect of the 

rickettsial suspending medium was not completely overcome by infection 

and in the case of the RNA from the embryo a lower value was obtained. 
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Table 9. - -Specific Activities of Adenine and Guanine Bases Obtained 
from DNA Extract of Yolk Sacs and Purified Rickettsiae 
Labeled with Glycine-U-C^ 

Egg 
Component 

Adenine 
CPM/umole 

Guanine 
CPM/umole 

Yolk Sac Pool 

Normal 

Control 

Infected 

Purified Rickettsiae 

2620 

1130 

1800 

1650 

2100 

1640 

2340 

1230 
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32 Table 10. - -Average Percent Distribution of P Label in Egg Compo
nents Labeled with P-^-Orthophosphate 

Egg Pool* 
Egg Component Normal Control Infected 

Yolk 56. 2 - 41.4 63.1 

CAM 4. 3 3.2 4. 0 

Embryo 13. 7 19.1 8. 8 

Yolk Sac 5. 6 5.4 2.9 

Unextr actable** 20. 2 30. 1 21. 0 

Purified Rickettsiae 0.17 

*All egg groups injected with isotope on the fourth day of incubation. 
Control and infected groups injected on the sixth day of incubation. 
All eggs harvested on the twelfth day of incubation. Data representa
tive of two separate experiments. 

**Unextractable is the difference between the total recoverable CPM 
and the total injected per pool 
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32 Table 11. - -Percent Distribution of P Label in Fractions Extracted 
from Egg Components and Purified Rickettsiae Labeled 
with P^-Orthophosphate 

Fraction** Normal 
Egg Pool* 

Control Infected 
Purified 

Rickettsiae 

Yolk 56. 2 41.4 63. 3 -

Soluble 10.6 17.5 10.4 54. 5. 

Ethanol-Ether 8. 3 6.4 3. 0 24.9 

Acid 1. 7 2. 0 0. 7 2. 1 

Cold HC104 3.1 2.4 1.5 3.4 

Protein Residue 20.1 30. 1 21. 0 15. I 

*AU egg groups injected with isotope on the fourth day of incubation. 
Control and infected groups injected on the sixth day of incubation. 
All eggs harvested on the twelfth day of incubation. Data representa
tive of two separate experiments. 

**Fractions calculated from combined fractions of the chorio-allantoic 
membranes, embryos, and yolk sacs of the same pool. Values for 
the protein residue were calculated by difference from the total 
amount of isotope injected. 



39 

32 Table 12. --Specific Activities of P RNA Fraction from Egg Compo-
32 nents and Purified Rickettsiae Labeled with P -

Or thopho sphat e 

Egg Pool 
Normal Control Infected 
CPM/mg GPM/mg CPM/mg 

Egg Component 

Chorio-allantoic Membrane 8, 740 7, 830 8, 340 

Embryo 15; 560 11,550 9, 020 

Yolk Sac 10, 300 10, 100 10, 650 

Rickettsiae 4, 760 
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However, the specific activities of the bases obtained by alkaline hydrol

ysis of the extracted RNA revealed information (Table 13) that was 

comparable to the glycine studies. 

Tritium Label Studies 

The average percent distribution of tritium label found in all 

egg components is summarized in Table 14. The yolk and protein 

residue were not assayed since assay of aliquots of these components 

did not give reproducible results. Values for Table 14 therefore are 

based upon the total amount of label injected per pool as being 100 percent. 

Table 15 summarizes the percent of label present in the frac

tions extracted from the rickettsiae purified from a separate infected 

yolk sac pool. The greatest amount of label was found in the hot per

chloric acid extract. The specific activity of the DNA calculated from 

the hot perchloric acid extracts is summarized in Table 16. Only data 

obtained from the embryo fractions were comparable to the glycine and 

phosphate studies. 

Chromatography of the hydrolysate of the DNA fraction was 

unsuccessful in that no thymine, thymidine or thymidylic acid could be 

resolved except for the rickettsiae. The specific activity of the 

rickettsial thymidylic acid was 36,400 CPM/umole. 
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Table 13. --Specific Activities of Nucleotides Obtained by Alkaline 
Hydrolysis of RNA Fraction of Egg Components and 
Purified Rickettsiae 

Guanylic 
Acid 

CPM/umole 

Adenylic 
Acid 

CPM/umole 

Cytidylic 
Acikl 

CPM/umole 

Uridylic 
Acid 

CPM/umole 

Egg Pool 

Normal 

Chorio
allantoic 
Membrane 

5680 3.700 3690 4255 

Embryo 7300 6500 3540 5400 

Yolk Sac 3700 3120 3620 4430 

Control 

Chorio
allantoic 
Membrane 

3250 3260 3120 2490 

Embryo 3530 3500 3210 4990 

Yolk Sac 2920 2480 3110 2840 

Infected 

Chorio
allantoic 
Membrane 

3440 3280 3360 2790 

Embryo 4660 3880 3610 5200 

Yolk Sac 3370 3100 3520 3260 

Puri^jed 
Rickettsiae 

2780 2940 2430 3370 
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Table 14. --Distribution of Tritium Label Extracted from Egg Compo
nents Expressed as the Percent of Total Tritiated Thymidine 
Injected 

Egg Pool* 
Normal Control Infected 

Egg Fraction 

Chorio-allantoic Membrane 6. 2 6.3 4. 8 -

Embryo 17.9 19.0 24.0 

Yolk Sac 17.4 19.1 14.3 

Remainder** 58. 5 55. 6 56.9 

Purified Rickettsiae 0. 06 

*All eggs injected with isotope on the fourth day of incubation. 
Infected and control groups injected on the sixth day of incubation. 
All groups harvested on the twelfth day of incubation. 

**Remainder is the difference between total label extracted and the 
total label injected per pool. Yolk and protein residue not assayed. 
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Table 15. --Percent Distribution of H Label in Cell Fractions Obtained 
from Rickettsiae Purified from Tritium Labeled Infected 
Yolk Sac Pool 

Rickettsiae Cell Fractions Percent of Total* 

Soluble 

Ethanol-Ether 

Acid 

Cold Perchloric Acid 

Hot Perchloric Acid 

Protein** 

*Total counts in rickettsiae determined before final centrifugation in 
the purification process. 

90.  0 

0.4 

•^Protein fraction determined by difference between total CPM and 
that recoverable by extraction. 



Specific Activities of Tritium Labeled DNA of Purified 
Kickettsiae and Egg Components Prelabeled with Tritiated 
Thymidine 

Normal 
CPM/mg 

Egg Pool 
Control 
CPM/mg 

Infected 
CPM/mg 

Egg Component 

Chorio-allantoic Membrane 8750 9300 7800 

Embryo 5870 4580 11,000 

Yolk Sac 6375 9700 7600 

Purified Rickettsiae 5320 

Table 16. --



DISCUSSION 

Labeled Glycine Studies 

Carbon Dioxide Studies 

Measurement of the amount of radioactivity in the carbon 

dioxide produced by normal eggs injected with uniformly labeled glycine-

C*^ demonstrated that, during the growth period studied, approximately 

ten percent of the label appeared in this form. Injection of rickettsial 

suspending medium (SPG) at the time of infection resulted in an increased 

amount of radioactivity in the carbon dioxide liberated. Injection of an 

inoculum, containing approximately eighty percent SPG, caused the 

amount of radioactivity liberated in this fraction to be reduced (Table 

I). Because the amount of glycine utilized per egg appeared to be 

constant (550, 000 to 650, 000 CPM per egg) whereas the amount of 

radioactivity remaining in the yolk fraction varied considerably (one to 

two million CPM per egg), data were recalculated assuming that the 

amount of isotope utilized per pool was constant (Table 2). When the 

data are presented in this manner, the percent of radioactivity in the 

carbon dioxide liberated by the infected pool is lower than that of both 

the control and normal pools and would indicate that glycine is utilized 

to a greater extent in the infected host systems. The greater amount 

45 



46 

of LabeL found in the infected embryo and embryonic membranes seems 

to substantiate this observation. 

Distribution of Label in the 
Embryonic Tissues 

Greater utilization of radioactive glycine by infected tissues 

was observed and is presented in Tables 1 and 2. The comparatively 

lower value obtained from the infected yolk sac pool is believed-to be a 

reflection of the difficulty in handling this tissue due to alterations 

caused by the infective process. This membrane tears readily with the 

slightest handling and loss of material during the harvesting and pool

ing procedures was unavoidable. In addition, the amount of cellular 

constituents liberated due to cell destruction by rickettsial infection, as 

well as the actual loss of some intracellular rickettsiae themselves, 

cannot be determined. The data presented for the rickettsiae are based 

only upon values obtained from cells purified from a separate infected 

yolk sac pool of an equal number of eggs. For this reason, the value 

was low since rickettsiae in the embryo and in the CAM were not taken 

into consideration and no estimation was made of rickettsial cells 

liberated into the yolk during the entire growth period. 

Distribution of Label in Cell Fractions 

14 
Tables 3, 4, and 5 present the percent of C label fouiid in 

the different cell fractions of the CAM, embryo, yolk sac, and purified 



rickettsiae. In all cases the general distribution of label in the fractions 

of the host tissues was of the same magnitude for each pool with the 

exception of the perchloric acid fractions. The consistently lower 

values obtained for the cold 1 N perchloric acid fraction or RNA of the 

infected tissues indicated that infection caused a decrease in the total 

amount of RNA present in such tissues. This is presumed to be a 

reflection of what is going on during the infective process, causing a 

loss of cellular constituents, The low values obtained for this fraction 

were interpreted as being due to a decrease in the total amount of actual 

RNA present in infected cells resulting from leakage due to tissue damage 

as well as liberation of rickettsiae containing this label. This hypothesis 

is strengthened by the studies of the specific activity of this fraction to 

be discussed in a later section. 

The high values obtained for the hot perchloric acid extracts 

(DNA), when compared with the RNA extracts, require some explana

tion. Hot perchloric acid extraction also extracts large amounts of 

proteinaceous material and no attempt was made to differentiate how 

much contribution to the activity this contaminating material was 

responsible for in the total extract. 

Values obtained for the cell fractions of the purified rickettsiae 

agree with data reported by Kohno et aL (1961) who studied the uptake 

of radioactive amino acids by purified preparations of R. mooseri. 

Working with a mixture of C^-amino acids and with -methionine, 



48 

14 they were able to demonstrate fifty-eight percent of the C label and 

oc 
sixty-eight percent of the S label in the protein fraction. These 

investigators utilized an extraction procedure involving trichloracetic 

acid (TCA) precipitation and did not study a soluble fraction as exists 

in the studies reported here. Hot TCA extracts of their preparations 

contained twenty-four percent of the carbon label and seventeen percent 

of the sulfur label. The data obtained from their sulfur studies indicated 

that some protein contamination of nucleic acid extracts were unavoid

able by present techniques. Comparison of UNA obtained with their 

methods and the cold perchloric acid extracts in these studies was not 

"practical because of the differences in technique and objective. 

Specific Activity of Nucleic Acids 
and Adenine and Guanine Bases 

The increased utilization of glycine for nucleic acid synthesis 

in infected cells was clearly demonstrated (Table $) by the increased 

specific activity of the RNA extracted from such cells when compared 

with that from normal and control tissues. Similar results (Table 7) 

were obtained from the DNA of the same tissues. 

Calculations of the specific activities of the adenine and 

guanine components of both RNA (Table 8) and DNA (Table 9) showed 

similar results. Injection of SPG had a diluting effect in that the 

specific activities of the nucleic acids and the purine bases were lower 

than those of normal eggs. Infection with rickettsiae resulted in an 



increase in the specific activity of these compounds even though initia

tion of infection was necessarily accompanied by injection of eighty 

percent of the same amount of SPG. 

Labeled Phosphate Studies 

Because of the short half life of P^, the tissues labeled with 

14 this isotope were not subjected to as intensive analysis as the C 

studies. Investigations were focused primarily upon the effect of 

infection on the metabolism of host RNA. Total recovery of label from 

all fractions was only seventy to eighty percent of the total amount 

injected per pool. The data obtained for these fractions are probably 

lower than that actually present because the protein residue remaining 

after extraction and the yolk fraction were the most difficult to assay 

for radioactivity. This was due to difficulties in rendering these 

fractions soluble for the counting procedure. Table 10 indicates that 

the relative amount of label present in the purified rickettsiae was of 

14 the same order of magnitude as in the C studies (Table 1). 

The results obtained from studies of the purified rickettsiae 

were in agreement with those reported by Hoyer and Pickens (1962), 

32 who found that 0. 26 percent of the radioactivity injected as P 

orthophosphate appeared in purified Coxiella burnetii. Utilization of 

labeled phosphate by C. burnetii had been previously demonstrated by 

P&retsky et al. (1962) who isolated labeled glucose-6-phosphate 
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32 synthesized by disrupted cells in the presence of glucose and P 

orthophosphate. These workers reported the recovery of P labeled 

carbamyl phosphate and ADP from similar preparations. No study was 

made of the nucleic acids. 

Analysis of infected tissues has shown (Table 10) that in the 

studies reported here, the amount of'radioactivity present is con

siderably less than that found in the control group. Hoyer and Pickens 

(1962) were able to demonstrate 6. 5 percent of the P^ label appeared 

in the yolk sac infected with C_. burnetii. However, the contribution of 

the "unextractable" fraction present in the studies reported here has 

not been pursued further. The two studies cannot be compared particu

larly since they did not publish the full details of their methods. 

It should be noted that no additional study was made of the yolk 
* 

fraction which also contained the washings made of the tissues studied. 

It is possible that a large amount of phosphate containing compounds 

is contained in this fraction as well as any labeled rickettsiae liberated 

during the infection process. Loss of soluble RNA from infected tissue 

would also explain the low values obtained for this compound (Table 11) 

in the fractionation procedure. 

Examination of the values for the specific activities of the RNA 

fraction of each pool (Table 12) indicated that the diluting effect of the 

large amount of unlabeled phosphate in SPG was only slightly overcome 

in the synthesis of nucleic acid by infected tissues. Similar results 
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(TabLe 13) were obtained for the specific activities of the component 

p32-iabeLed nucleotides. However, the increase in the specific activity-

values of the nucleotides resolved from the RNA of the infected tissues 

when compared with those of the control group indicated that the same 

14 effect observed in nucleic acid metabolism in the C studies was also 

occurring in these studies, namely, increased synthesis of nucleic 

acid in the host tissues. 

Labeled Thymidine Studies 

The studies performed with this label were concentrated 

primarily on determining whether or not rickettsiae could be labeled 

with this isotope and if it could be detected in rickettsial DNA. Table 

14 presents the information that the amount of label actually found in 

the purified rickettsiae was comparatively small (0.06 percent). Cell 

fractionation of the rickettsiae demonstrated that ninety percent of the 

tritium label was present in the DNA (Table 15). 

The specific activities of the DNA of the extracted tissues and 

purified rickettsiae were included for comparison (Table 16). 

Resolution of DNA bases by chromatography of the hot per

chloric acid fraction was inconclusive in that thymidylic acid could only 

be resolved from the rickettsial compound. This was partially due to 

the fact that it was impossible to obtain DNA free from accompanying 

soluble proteinaceous material. The presence of this material made 

detection of U. V. absorbing areas impossible. The presence of this 



material, had a distinct effect on absorption data in that maximum absorp

tion values were obtained at 270 mu. The specific activity of the 

thymidylic acid obtained for rickettsial DNA is not accurate. Elution of 

a non-absorbing area also proved to be significantly radioactive. This 

indicated that separation of DNA from protein is not complete by these 

techniques. Consequently, it is believed that this figure was actually 

lower than the true value. 

General Considerations 

The data presented here indicate that the conclusions of Beakley 

et al. (1962) are correct and that typhus infection causes an increase in 

the synthesis of host nucleic acid. These studies also proved that tech

niques employed in the study of viruses are also applicable in the study 

of host-rickettsiae relationships. Zahler (1953) reported that infectiofi 

of yolk sac with feline pneumonitis virus results in an increased corpora

tion of into DNA and RNA fractions. Zahler and Moulder (1953) 

demonstrated that infection with feline pneumonitis causes an increase 

in the specific activity of nucleic acid and postulated that this was due 

to stimulation of host nucleic acid synthesis. Reich et^aL (1961) 

reported that during inhibition of RNA synthesis in HeLa cells with 

actinomycin D, poliovirus can stimulate RNA synthesis. Our studies 

with rickettsiae demonstrate that host directed nucleic acid synthesis 

is stimulated and that the increased specific activities observed are due 

to a drain on the host pool of nucleic acid precursors. 
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In view of the observations of other workers that rickettsial 

metabolites as well as RNA are readily lost from rickettsial cells 

when they are removed from the intracellular environment, it would 

seem that rickettsial parasitism acts upon host metabolism by utilizing 

normal host metabolites. Therefore, a cell surface freely permeable 

to essential metabolites would allow these organisms to obtain complex 

chemical constituents without the need to expend energy for their syn

thesis. As a result, the host must respond by a compensatory increased 

synthesis of these compounds for its own needs. Because of this differ

ence, the observations obtained from virus studies are not strictly 

comparable with data obtained with rickettsiae. 

Labeling of Rickettsiae 

It has been shown that purified rickettsiae have been obtained 

from isotopically labeled host tissue which contained the label in ques

tion. This label in all cases was obtained in the perchloric acid 

extract. In all cases the label has been demonstrated in a nucleic acid 

purine or pyrimidine.nucleotide. 



SUMMARY 

Infection with Rickettsia typhi caused the host metabolism to 

shift toward, increased synthesis of nucleic acid. Ribonucleic acid 

labeled with and extracted from infected tissue had a specific 

activity which was higher than that from uninfected controls. The 

same was true of the purine and pyrimidine bases resolved from the 

RNA. Similar results were obtained with C^-DNA. 

Rickettsiae injected into host systems previously injected with 

radioactive nucleic acid precursors were purified after the growth 

period and were shown to contain significant amounts of radioactivity. 

Cell fractionation of purified rickettsiae demonstrated the presence of 

isotopic carbon and phosphorus in the RNA extracts and tritium in the 

DNA. 

The RNA and DNA of rickettsiae purified from hosts previously 

14 ^ labeled with glycine-C were shown to contain labeled adenine and 

32 guanine. The RNA from rickettsiae recovered from P -labeled hosts 

contained radioactivity in adenylic, guanylic, cytidylic and uridylic acid. 

Rickettsiae recovered from hosts labeled with tritiated thymi

dine were radioactive and ninety percent of the label was present in the 

DNA fraction. Label was demonstrated to be present in a compound 

having the absorption characteristics of thymidylic acid. 
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