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glucose-6-C1̂  ratio of radioactivity from 
respiratory carbon dioxide from normal eggs, 
eggs injected with Sucrose-P.G., and eggs 
infected with Rickettsia typhi 57 

v 



FIGURE PAGE 

11. A comparison of the cumulative specific 
activity of respiratory carbon dioxide from 
normal eggs, eggs injected -with Sucrose-P.G., 
and eggs infected with Rickettsia typhi when 
glucose-U-C1̂  was used as a substrate £9 

12. A comparison of the cumulative specific 
activity of respiratory carbon dioxide from 
normal eggs, eggs injected with Sucrose-P.G., 
and eggs infected with Rickettsia typhi when 
glucose-6-C1̂  was used as a substrate 62 

13. A comparison of the cumulative specific 
activity of respiratory carbon dioxide from 
normal eggs, eggs injected with Sucrose-P.G., 
and eggs infected with Rickettsia typhi when 
glucose-l-Cl̂  was used as a substrate 6JU 

lii. A diagram illustrating the relationship of 
the Emden-Myerhoff-Parnas pathway to the 
Hexose Monophosphate pathway in the metabolism 
of glucose 82 

vi 



INTRODUCTION 

In recent years considerable effort has been directed 

toward the elucidation of the enzymatic properties and nutritional 

requirements of the rickettsiae with the aim of eventually achiev

ing propagation of rickettsiae in vitro in a defined medium. 

While a number of investigators have indeed shown the presence of 

certain enzyme systems to be intrinsic to the rickettsiae, propa

gation of rickettsiae in a defined medium has not been accomplished. 

The enzymatic studies which have been reported have been performed 

on so-called "resting cells'1 of purified rickettsial suspensions. 

These conditions were highly artificial and while the presence of 

a few enzymes were demonstrated, very little information concern

ing the effect of the parasite upon the host was derived from these 

studies. 

A second method of approach to the problems of rickettsial 

metabolism has been to study these organisms in the host cells. 

The more recent work utilizing this technique employed rickettsiae 

cultivated in tissue culture cells to which the rickettsiae were 

adapted. The fact thiat adaptation is necessary for rickettsial 

propagation in these cells is evidence that these systems leave 

much to be desired. The rickettsiae generally multiply rather 

poorly in tissue culture systems. 

An earlier approach to this problem, and a more reliable 

one, is to utilize a susceptible animal in the study of the host-

parasite relationship. A study of this kind was first utilized by 



Greiff and Pinker tan (191*8) who used the eiribryonate hens' egg as a 

host for typhus rickettsiae to stucty- the effect of parasitism on 

oxygen consumption by embryos in the presence and absence of anti

biotics and metabolic inhibitors of known activity. The 

embryonate hens* egg may be considered a susceptible animal for it 

allows propagation of rickettsiae with large yields without adap

tation. One of the principal diagnostic techniques used for 

rickettsial diseases study is the inoculation of embryonate eggs 

with clinical materials. 

Purification of the rickettsiae, i.e., freeing the 

rickettsiae of contaminating host materials, has been one of the 

major problems complicating all types of rickettsial metabolic 

studies. This has been largely circumvented by the use of ion-

exchange resins. Japanese workers (Hara, 195Bj Yamamoto et al., 

19̂ 8) have achieved a very high degree of purity in rickettsial 

suspensions. Unlike other purification techniques with these 

materials, this method yields viable rickettsiae, a factor of 

extreme importance in any type of metabolic study. 

At the present time, no studies have been reported wherein 

radioactive substrates have been utilized to study the normal 

host-parasite metabolic relationships. The aim of the present 

study was to provide these conditions. Glucose was chosen as the 

substrate for this investigation since it has been shown to be 

utilized by the chick embryo (Needham and Nowinski, 1937; Novikoff, 

Potter, and LePage, 19h8; Spratt, 19h9; Stumpf, 19̂ 7). The 

rickettsiae of murine typhus fever, Rickettsia typhi, was chosen 



for the obligate intracellular parasite and the enibryonate hens* 

egg was utilized as the host. 

The effect of intracellular parasitism upon the utilization 

of glucose by the chick embryo raised several questions which were 

investigated in this study. These were: 

1) the determination of radioactive carbon dioxide release 

from infected and non-infected eggs in order to determine the 

over-all effect of infection on metabolic pathways, 

2) the location of the total radioactivity within the egg, 

3) the distribution of radioactivity in labeled compounds 

in various fractions of the egg, 

U) the labeling of rickettsiae and the characterization of 

the labeled substances present in the rickettsiae, and 

5) the labeling of ribonucleic acid (RNA) and deoxyribo

nucleic acid (DNA) in the embryos of infected and non-infected 

eggs. 



HISTORICAL REVIEW 

A. HOST-PARASITE RELATIONSHIPS 

The categories of parasitism are determined by the response 

of the host to the presence of the parasite. Symbiosis, as 

ordinarily applied, is a condition where host and parasite live in 

an advantageous association which is beneficial to one or both and 

not harmful to either. Commensalism is considered to be an 

association which is relatively constant but inconsequential. 

Pathogenicity is distinguished from symbiosis and commensalism in 

that the host is adversely affected by the parasite. Under certain 

circumstances it may be possible for a shift from one category to 

another to occur. Therefore, pathogenicity must always be defined 

as an expression of a specific dynamic host-parasite relationship. 

Such a definition is basically ecological and emphasizes the host 

as an environment for the parasite. 

Pathogenicity assumes that the parasite is capable of 

utilizing the host environment as a growth medium and that it can 

overcome the total defense mechanisms of the host. Many factors 

have been implicated in the manifestation of disease. Garber 

(1960a,b) has assembled these factors into a scheme as follows: 

entrŷ m̂ultiplication m̂icro-ecological production of 
and metabolism-*—alterations host-damaging—•disease 

factors 

According to this scheme, pathogenicity results when all steps are 

successfully completed. A block of any step results in the loss or 

absence of pathogenicity. Such a block could result from a genetic 



or environmental alteration in the host, the parasite, or both. 

The host may be resistant if it does not provide a suitable growth 

menstruum for the parasite or if it presents effective defense 

mechanisms which prevent, inhibit, or restrict the potential 

proliferation and metabolism of the parasite. These considera

tions led Garber (1956) to formulate a nutrition-inhibition hypo

thesis of pathogenicity that specifically considers the multipli

cation and metabolism of the parasite after entry. If the 

nutritional environment of the host is inadequate, the parasite 

will not be able to proliferate or to metabolize extensively, 

likewise, in the presence of an effective inhibitory environment, 

the parasite will not be virulent regardless of the nutritional 

environment. 

A high degree of coordination must exist within cells in 

order to permit an orderly progression of metabolic processes 

necessary for growth and differentiation. Cellular structural 

components and enzymes must be linked in integrated arrangements 

of biochemical units. Within this cellular environment rickettsiae 

live, grow, and reproduce. Most investigators (Greiff, 19ii8; 

Pinkerton, 19h2; Greiff, 195>2) have held that rickettsiae require 

complementary enzyme systems. Thus, the host would supply bio

chemical intermediates or enzymes necessary to conplete the required 

metabolic pathways of the parasite. 

Considerations of the extreme pathogenicity of typhus 

rickettsiae and their obligatory mode of intracellular parasitism 

has stimulated investigators to explore the relationships which 



exist between the rickettsiae and their host. Wolbach, Pinkerton, 

and Schlesinger (1923) showed that Rickettsia prowazeki multiplied 

in a restricted manner in plasma tissue cultures of mammalian 

cells at 37.5 C. Nigg and Landsteiner (1930) reported the unre

stricted intracellular multiplication of typhus rickettsiae in a 
s. 

modified Maitland medium, consisting of minced guinea pig tunica 

vaginalis suspended in a mixture of serum and Tyrode's solution. 

Pinkertcn and Hass (1931* 1932a, 1932b) reported similar massive 

multiplication of R. prowazeki in plasma tissue cultures grown 

at 32 C. In the Nigg-Landsteiner medium multiplication was equally 

good at 32 C or at 37.5 C. In the plasma tissue cultures, the 

lower temperature was found to be essential. Pinkerton and Hass 

stated the belief that "the detrimental effect of the higher 

temperature on the multiplication of the organism is exerted 

indirectly, by stimulation of the defense mechanisms of the cells". 

Gr'eiff (19I4.8) has pointed out that different conditions are 

obtained in the Maitland medium and in the plasma tissue cultures. 

In the Maitland medium, the cells are surviving rather than 

actually multiplying, with mitotic divisions of the cells rarely 

seen. In the plasma tissue cultures the cells multiply rapidly 

and the metabolic rate of the cells is probably higher. Thus 

Grelff concluded that typhus rickettsiae grow best in cells which 

are metabolizing slowly. Indeed, this view was supported by 

Zinnser and Schoenbach (1937) who found that rickettsial growth 

was moat active in tissue culture when the tissue had ceased active 

respiration. 



7 

In an attempt to obtain more specific information concern

ing the relationship of host metabolic activity to the degree of 

parasite development, Greiff and his co-workers (Greiff, Pinkerton, 

and Mor agues, 19i|Iij Greiff and Pinker ton, 191*5) utilized various 

compounds with inhibitory or acceleratory activity. It was found 

that the strain of hens' egg employed (inhibition in the Wyandotte 

strainj good growth in the White Rock strain) markedly influenced 

the degree of infection. The technique used in this series of inves

tigations employed the method of Cox (1938) to grow rickettsiae in 

the entodermal membrane of the yolk sac of the developing chick 

embryo. Eggs incubated $ days were inoculated with rickettsiae via 

the yolk sac route. The agents to be tested were introduced into 

the yolk sacs at varying intervals, usually subsequent to infection. 

The degree of infection was estimated in Giemsa-stained smears of 

the yolk sacs. Penicillin, para-aminobenzoic acid (PABA), toluidin 

blue, and methylene blue delayed rickettsial development. Sodium 

fluoride was found to accelerate the growth of the rickettsiae in 

the yolk sac. Potassium cyanide markedly enhanced rickettsial 

growth in experiments where control eggs showed only minimal infec

tion, but there was no observable effect when the control eggs 

became heavily infected. It was further found that although 

rickettsiae did not proliferate to any great degree in the yolk 

sacs of eggs incubated at UO G, when KCN was added to eggs at this 

temperature, unrestricted rickettsial growth was the result. 

In order to study more thoroughly the metabolic effect of 

the various inhibitors and accelerators used in previous studies, 
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Greiff and Pinkerton (19ii8) designed an apparatus for the measure

ment of the oxygen consumption of groups of embryos (20 eggs per 

group). It was found that rickettsial infection caused a alight 

increase in the rate of oxygen consumption on the Uth day after 

inoculation, followed by a rapid drop in the rate as infection 

developed. This suggests the possibility that a low concentration 

of rickettsial toxins stimulate respiration, but higher concen

trations depress respiration and lead to embryonic death. Para-

aminobenzoic acid markedly increased the oxygen uptake of normal 

eggs for a few days. In typhus-infected eggs, PABA had similar 

effacts, but oxygen consumption reached much higher levels. 

Although PABA forms part of the folic acid molecule, folic acid 

itself, in concentrations corresponding to effective doses of PABA, 

did not increase cellular respiration or show rickettsiostatic 

action. Potassium cyanide (in concentrations not lethal to the 

embryos) caused a moderate drop in the oxygen uptake of normal eggs. 

In infected eggs its effect was more striking. Penicillin (Greiff 

and Pinkerton, 1950) was found to increase the oxygen uptake of 

embryonate eggs infected with murine typhus rickettsiae while no 

increase in oxygen uptake was shown with Chloromycetin. 

Developments in tissue culture methodology have made it 

possible to investigate the interactions between various rickett

siae and homogenous host-cell populations. Bozeman et al. (1956) 

found that all groups of rickettsiae (except trench fever, which 

was not adequately tested) grew well on MBIII tissue culture cells 

derived from mouse lymphosarcoma. They found that Rickettsia 



tsutsugamnshi multiplies at a rather slow rate, with a 3-fold 

increase in 21* hours. In addition, they found that the growth of 

rickettsiae in cells treated with colchicine to arrest cell divi

sion, proceeded at about the same rate as in cells which were 

multiplying. Furthermore, no marked alteration in oxygen uptake or 

anaerobic glycolysis was demonstrable with MBIII cells infected 

with R. tsutsugamushi. 

Hopps et al. (1959) observed that conditions which favored 

the growth and multiplication of host cells also favored the intra

cellular growth of R. tsut sugamushi. This suggests that the intra

cellular growth requirements of this organism are complex and 

intimately related to the requirements of the host cell. These 

authors suggested that the role of the adequately nourished host 

cell may be more than nutritional in supporting rickettsial survival 

in that it provides an environment which protects the rickettsiae 

from loss of their essential Components by leaching. They suggested 

that the rickettsiae have a cell wall of a high permeability and 

are therefore occupying a position between the protoplast and the 

ordinary bacterial organism. 

Cohn et al. (1959) studied the "penetration index" (an 

estimate of the number of rickettsiae observed in the host cell 

per unit time) of R. tsutsugamushi in tissue cultures. When cells 

were irradiated with ultra-violet light they were unable to divide 

but 3till supported the growth of rickettsiae. L-Glutamic acid and 

DPN increased the penetration index. Other amino acids tested (6) 

either had no effect or else depressed the penetration index. The 
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Krebs1 cycle intermediates did not increase the penetration index. 

Metabolic inhibitors (2,lt-dinitrophenol, azide, arsenite, and 

cyanide) caused a marked reduction in the penetration index. When 

the inhibitors and glutamic acid were added simultaneously there 

was a similar reduction in penetration index. 

B. METABOLIC ACTIVITIES OF RICKETTSIAE 

Bovarnick and Snyder (19̂ 9) demonstrated oxygen uptake and 

carbon dioxide output by partially purified suspensions of living 

epidemic and murine typhus rickettsiae in the presence of glutamate. 

A similar activity was found to occur at a much slower rate in the 

presence of pyruvate. It was further found that the rate of 

oxygen uptake was directly proportional to the concentration of 

viable rickettsiae. Normal yolk sac suspensions prepared in the 

same manner showed only a very slight oxygen uptake under the same 

conditions. Glucose was not metabolized by the rickettsial suspen

sions. 

Hie importance of the work of Bovarnick and Snyder cannot 

be overestimated, for it laid the groundwork for subsequent 

experimental studies of the metabolic activities of rickettsiae. 

This report on the respiration of typhus rickettsiae was followed 

shortly by a study by Bovarnick, Miller, and Snyder (195>0) of 

factors favoring the survival of rickettsiae in vitro. 

Bovarnick and Miller (1950) postulated the existence of a 

rickettsial transaminase when glutamate was used as a substrate. 

During the metabolism of glutamate it was found that aspartate and 

ammonia were formed. Indeed, these two compounds accounted for all 
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of the nitrogen of the glutamate that was utilized. On the basis 

of therse observations, the authors suggested that the rickettsial 

oxidation of glutamate proceeded through the citric acid cycle. 

They were unable to demonstrate any significant oxygen uptake with 

fumarate, malate, oxalacetate, citrate, butyrate, or with any amino 

acid other than glutamate. 

Wisseman et al. (19£)1), using purified suspensions of 

Rickettsia mooseri in a metabolically active state, studied factors 

affecting glutamate oxidation. They determined the optimal con

centrations of hydrogen ions, substrate, and of phosphate, 

magnesium and manganese ions. The gross effects on glutamate 

oxidation of a number of antimicrobial agents and of certain enzyme 

inhibitors were studied. The antibiotic substances which have 

marked therapeutic value in rickettsial diseases (tetracyclines and 

chloramphenicol) did not appreciably affect the rate of oxidation 

of glutamate. On the other hand, certain common enzyme inhibit tars, 

such as arsenite, malonate, cyanide, fluoride, and selenite pro

duced variable degrees of inhibition of the metabolic function. 

In further studies of glutamate oxidation by rickettsiae, 

Wiaseman et al. (1952) postulated an initial oxidative deamination 

to form ©<-ke toglutarate which would then proceed through part or 

all of the steps of the conventional Krebs* cycle. They traced the 

process through a series of reactions involving ®<-ketoglutarate, 

succinate, fnmarate, malate, oxalacetate and pyruvate as inter

mediate steps. Although no evidence for the participation of any 

of the tricarboxylic acids was obtained, these authors pointed out 
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that such participation could not be excluded as a possibility. 

Price (1953) found no differences in the enzyme systems of 

four strains of Rickettsia rickettsiae. All strains were able to 

oxidize glutamate, pyruvate, oc-ketoglutarate, succinate, fumarate, 

raalate, and oxalacetate. The oxidation of pyruvate and glutamate 

was stimulated by the addition of inorganic phosphate. 

Bovarnick, Allen, and Pagan (1953) demonstrated that 

unaltered diphosphopyridine nucleotide (DPN) plays an important 

role in the metabolism of rickettsiae. The survival of rickettsiae 

was increased in the presence of added DPN and markedly decreased 

in the presence of autoclaved DPN. This toxic effect could be pre

vented by the simultaneous addition of unaltered DPN. Diphospho

pyridine nucleotide was found to increase the oxygen uptake when 

glutamate was the substrate while autoclaved DPN decreased the 

oxygen uptake. Triphosphopyridine nucleotide (TPN) was found to 

behave in the same manner as DPN. 

Rosenberg and Bovarnick (19$h) presented evidence that 

adenosine diphosphoribose was the substance in autoclaved DPN 

responsible for the inhibition of rickettsial activity. 

Bovarnick and Allen (l?5U, 1957 ) showed that DPN is essen

tial to the metabolic integrity of rickettsiae. ftiey found that 

typhus rickettsiae which had been inactivated as a consequence of 

freezing and thawing, or by incubation at 0 C in isotonic salt 

solutions, could be partially reactivated by incubation in the 

presence of DPN and Coenzyme A. This inactivation and subsequent 

reactivation was quite sensitive to the presence of low 
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concentrations of sucrose in the process. Freezing and thawing 

in the absence of sucrose caused a change in the location of the 

DPN, allowing it to come out of the rickettsial cells into the 

supernatant fluid. However, since the presence of DPN at 0 C 

could not prevent the loss of activity under all conditions, the 

loss of DPN alone cannot account for all of the changes observed. 

These workers suggested that changes in the concentrations of cer

tain inorganic ions in the rickettsiae may also contribute to the 

loss in activity. 

Price and Gilford (1955) were able to convert avirulent 

organisms into virulent ones by the treatment of the rickettsiae 

in vitro with DPN and Coenzyme A. They also found that incubating 

R. rickettsiae with PABA resulted in a loss of virulence and this 

could be prevented by DPN and Coenzyme A. A possible explanation 

of this phenomenon has been advanced by Guardiola and Paretsky 

(1958) in that PABA forms an adduct with DPN+, rendering the DPN+ 

i 

unavailable to DPNase. The phenomenon of rickettsial inhibition 

by PABA and reactivation of rickettsiae by DPN+ have DPN+ involve

ment as a common factor, the PABA inhibition being due to inacti-

vation of rickettsial DPN+, while the reactivation phenomenon 

restores the DPN"4, to rickettsiae in which DPN* has been eliminated 

by physical methods. 

In her studies of oxidative phosphorylation by rickettsiae, 

Bovarnick (1956) showed that typhus rickettsiae utilize phosphate 

to form adenosine triphosphate (ATP) from adenosine diphosphate 

(ADP) during the oxidation of glutamate, and that the process is 
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enhanced by the addition of the cofactors, DPN and Coenzyme A. 

Thus, rickettsiae can convert oxidative energy into phosphate bond 

energy. 

Bovarnick and Allen (1957 ) noted a progressive loss of 

ATP from rickettsiae in an incomplete medium. The level of ATP 

rose again upon the addition of glutamate. Anything that 

diminished the final ATP level also inhibited recovery in such 

parameters of viability as toxicity and hemolytic activity. It 

was found that when glutamate was added at 35 C instead of at 30 C, 

the rickettsiae showed much less recovery of toxicity, although 

they were capable of even more active oxygen uptake and phosphory

lation. Therefore, it would appear that some process in addition 

to phosphorylation is required for recovery. 

Hopps et al. (1956) presented evidence that H. mooseri 

contains an intrinsic glutamic-aspartic transaminase. Hayes et 

al. (1957) determined the difference spectrum between the reduced 

and oxidized forms of the respiratory pigments of R. mooseri. They 

concluded that electron transport in this organism is mediated 

through a flavin enzyme-iron-cytochrome system which probably 

includes cytochromes a~l and b"1. 

In an attempt to determine whether rickettsiae lose other 

inportant cofactors besides DPN into the suspending medium, Cohn 

et al. (1958) showed that ribonucleic acid (RNA) comprises 7$% of 

the nucleic acid components lost by the rickettsiae during inacti-

vation. The omission of glutamic acid did not influence the 

experimental results and thus "energy metabolism" did not seem to 
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be important. 

Paretsky et al. (1958) reported that Coxiella burnetii 

possessed an ATPase and an ADPase, that the organisms could 

synthesize citrate from acetate or acetyl phosphate in the pre

sence of oxalacetate but not with malate, and that they possessed 

dehydrogenase activity as demonstrated by the reduction of DPN in 

the presence of malate and glutamate, but not citrate. 

Bovarnick, Schneider, and Walter (1959) reported the uptake 

of -methionine by intact rickettsiae. Rickettsiae inactivated 

by heat did not show any uptake. Substances required for the 

optimum uptake included ATP or ABP, the other nucleoside ̂'-mono

phosphates, DPN, glutamine, the naturally occurring amino acids, 

and either a protein fraction from the yolk sac or a suitable pre

paration of bovine serum albumin. Later Bovarnick and Schneider 

(i960) were able to show that typhus rickettsiae are able to incor

porate a small amount of glycine-l-C1̂  tinder similar conditions. 

Potassium, magnesium, and manganese ions stimulated the uptake of 

glycine. The incorporation of glycine was inhibited by potassium 

cyanide, dinitrqphenol, and chloramphenicol. They also reported 

evidence that both externally added and internally generated ATP 

are required for the incorporation of glycine. 

Significant amounts of acetate-l-C1^ were found to be 

incorporated into the rickettsial lipid fraction, using conditions 

similar to the studies on the incorporation of amino acids 

(Bovarnick, i960). Radioactive carbon from acetate-C1̂  was found 

exclusively in the lipid fraction of the cells, in contrast to 
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incorporated glycine-C-M* which was found in the protein fraction. 

Hahn, Cohn, and Bozeman (i960) found that purified R. 

mooseri suspensions were able to deamidate glutamine to glutamic 

acid and asparagine to aspartic acid. These suspensions were also 

able to transfer the glutamyl and aspartyl residues of glutamine 

and asparagine to hydroxylamine with the formation of the corre

sponding hydroxamic acids. Glutamine was oxidized at high rates 

similar to those found when glutamic acid is the metabolite. No 

oxygen uptake was observed when asparagine was used as a substrate. 

Jfyers and Paretsky (1961), utilizing formaldehyde and 

glycine-2-C-1-̂  in the presence of tetrahydrofolic acid, were able to 

demonstrate the formation of C"̂ -labeled serine by C. burnetii. 

Since folic acid has been shown to be present in rickettsiae 

(Kleinschmidt, et al., 1956; Myers, 1958) it has been suggested 

that the formation of serine by C. burnetii is folic acid mediated. 

Most recently, Consigli and Paretsky (1962) have reported 

the oxidation of glucose-6-phosphate and isocitrate by disrupted 

preparations of C. burnetii. Glucose-6-phosphate was oxidized to 

form. 6-phosphogluconate. The oxidation of isocitrate was dependent 

upon the presence of TPN and was TPN-specific; BPN was not reduced 

when it replaced TPN in the incubation menstrum. 



MATERIALS AND METHODS 

A. THE HOST 

Fertile hens' eggs were obtained from the White Leghorn 

flocks of the University of Arizona Poultry Farm. Because of the 

rickettsiostatic effect of residual antibiotics (Greiff and Pinker-

ton, 19$lj Greiff, 1952), eggs used in this study were from flocks 

fed antibiotic-free rations. Eggs were collected twice daily and 

stored at J4 G until incubated. In no case were eggs used which 

had been stored longer than 5 days. 

All experiments and passages of rickettsiae were carried 

out in a Humidaire egg incubator (Humidaire Incubator Co., 217 West 

Main Street, New Madison, Ohio) at 35 C and 70% relative humidity. 

The eggs were turned automatically every 3 hours at a b$° angle and 

in 1 hour returned to the starting position. 

In the radioactivity experiments the eggs were candled after 

2h and U8 hours incubation ("Prevue" egg candler, Breeder's Supply 

Co., New York 12, New York). Fertile eggs of approximately the same 

size were selected and injected with radioactive materials as 

described elsewhere. After 7 days incubation a group of eggs was 

injected with 0.2 ml of rickettsial suspension, a second group was 

injected with 0.2 ml of sterile sucrose-potassium glutamate ("Su-

crose-P.G.") suspending medium (Bovarnick, Miller, and Snyder, 1950), 

and a third group was not injected and employed as normal controls. 

When the infected embryos became moribund all eggs were 

harvested and separated in the following manners 

17 
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; 1) Embryo - washed three times in Sucrosê PitK, frozen, and 

stored at -20 C. 

2) Yolk Sac - washed three times in Sucrose-P.G. and either 

frozen or subjected to a purification procedure described elsewhere. 

3) Chorioallantoic Membrane - washed three times in 

Sucrose-P.G. and frozen. 

I4) "Yolk" - consisted of all remaining materials in the egg 

plus the washings of the other fractions. Thiŝ  material was homo

genized in a Waring blendor and frozen. 

Eggs employed in the carbon dioxide experiments were 

handled individually. Eggs enployed for extraction procedures were 

pooled into isotopic groups according to their treatment. 

B. RADIOACTIVE SUBSTRATES 

Substrates utilized in this study were D-glucose labeled 

with carbon-lit at the number one position, at the number six posi

tion, and uniformly labeled. Glucose-U-Ĉ  was obtained from Cali

fornia Corporation for Biochemical Research, Los Angeles. Glucose-

1-C"̂  and glucose-6-Cl̂  were obtained from Nuclear Chicago Corpora

tion, Chicago 10, Illinois. Each substrate was dissolved in dis

tilled water, sterilized by autoclaving at 118 C for 10 minutes, 

aliquoted aseptically into sterile screw-capped tubes, and frozen 

until used. 

D-glucose-U-C-̂  had a specific activity of 31.0 millicuries 

per millimole (manufacturer's data). A small sample of the final 

solution to be used in the experiment was mixed with known carrier 

glucose and ciiromatographed in Solvent No. 1, Solvent No. 2, and 
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ethyl acetate-pyridine-water as described elsewhere. In each case 

there was only one spot which showed radioactivity and this corre

sponded to that of the carrier glucose. Two-tenths ml of this 

glucose, containing 1 million counts per minute as determined by 

the total carbon combustion technique described elsewhere, was 

injected into each two-day-old fertile hens' egg. 

D-glucose-l-Ĉ 4 had' a specific activity of 27.8 millicurie3 

per millimole (manufacturer's data). According to the manufacturer, 

the compound was shown to have the following radiochemical purityt 

1) by carrier dilution analysis with D-glucose and con

version to the penta acetate • 101$. 

2) by paper chromatography in n-butanol-ethanol-water > 99%. 

3) by paper chromatography in phenol-water > 99%. 

In addition, the final radioactive glucose solution was mixed with 

carrier glucose and chromatographed in Solvent No. 1 and Solvent 

No. 2. There was only one spot of radioactivity which corresponded 

to that of the carrier glucose. 

D-glucose-6-Clk had a specific activity of 2$ millicuries 

per millimole (manufacturer's data). According to the manufacturer, 

the compound was shown to have the following radiochemical purity: 

1) by carrier dilution analysis with D-glucose • 9b%. 

2) by paper chromatography in n-butanol-ethanol-water > 99%. 

3) by paper chromatography in phenol-water > 99%. 

In addition, the final radioactive glucose solution was mixed with 

carrier glucose and chromatographed in Solvent No. 1 and Solvent 

No. 2. Only one spot of radioactivity appeared and it corresponded 
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to that of the carrier glucose. 

C. THE PARASITE 
0 

1. Preparation of the Parasite 

A' lyophilized suspension of Rickettsia typhi, Wilmington 

strain, was obtained from Dr. Henry S. Puller (The Department of 

Rickettsial Diseases, Walter Reed Army Institute of Research, Wash

ington, D.C.). The lyophilized rickettsiae were suspended in sterile 

distilled water and injected into two male guinea pigs and ten 

seven-day-old fertile hens' eggs. Fever charts were made of each 

guinea pig. The response was typical of that obtained in the guinea 

pig infected with murine typhus rickettsiae. When the temperature 

of each guinea pig reached a peak the animal was sacrificed and the 

spleen and tunica vaginalis removed aseptically, rapidly frozen in 

a mixture of dry ice and cellusolve, and stored at -60 C. 

Yolk sacs of the infected eggs were harvested and the 

rickettsiae passed to additional fertile eggs. This passage was 

accomplished in the following manner. A 20% suspension of homo

genized infected yolk sac was prepared in Sucrose-P.G. Each seven-

day-old fertile hens1 egg was inoculated with 0.2 ml of this sus

pension. 

A large pool of infected yolk sacs was homogenized in a 

"Dispersal" Waring Blendor to make a 20# suspension of yolk sac in 

Sucrose-P.G. This was tubed aseptically in 13 x 100 mm screw-

capped tubes and was shell-frozen in dry ice-cellusolve and stored 

at -60 C. A tube of this suspension was quickly thawed in warm 

water and diluted with sterile Sucrose-P.G.„to a 1% suspension. 
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Two-tenths ml of this preparation was used as the standard inoculum 

in all experiments. 

2. Purification of the Parasite 

A modification of the method of purification used by 

Yamamoto et al. (1958) and Hara (1958) was selected to separate 

the rickettsiae from the yolk sac constituents. This method 

utilized a cation exchange resin, Amber lite XE-6J4 (Supplied by Rohm 

and Haas Co., Philadelphia 5, Pennsylvania), and differential 

centrifugation. 

a) Preparation of the Ion Exchange Resin 

Four grams of Amberlite XE-6U were suspended in 30 ml of 

1 N KOH, stirred and centrifuged at 1,000 rpm (120 x g) for $ min

utes. The sedimented resin was mixed with 1.2$ KC1, stirred and 

centrifuged at 1,000 rpm for $ minutes. At this point the pH of 

the suspension was approximately 7.0. The sedimented resin was 

again mixed with 1.2% KC1, stirred and centrifuged at 1,000 rpm for 

30 minutes. The resulting sedimented resin was mixed with ten 

volumes of Sucrose-P.G. and stored at k C. 

b) Method of Purification 

Seven-day-old embryonated eggs were inoculated and treated 

as described previously. The yolk sacs were harvested when the 

eggs became moribund. The yolk sacs were washed in Sucrose-P.G. 

and homogenized in a Ten Brock grinder using Sucrose-P.G. as a 

diluent. A single yolk sac homogenate usually had "a volume of 

about 8 ml. The major portion of this homogenate was committed to 

the purification procedure. This portion was further diluted with 



22 

cold Sucrose-P.G. to approximately 1;0 ml. 

The yolk sac homogenate was centrifuged in a refrigerated 

centrifuge at 11,000 rpm (lit,̂ 00 x g) for 1 hour. The supernatant 

was poured off and the tubes allowed to drain. With the tubes in 

a draining position, the inner surfaces were swabbed with cotton 

to remove remaining traces of fat. 

The sediment was rubbed up thoroughly with 10 ml of 

Amberlite XE-6I1, K* form, further diluted to approximately J4O ml 

with Sucrose-P.G. and centrifuged at 1,000 rpm for 30 minutes. 

The siipernatant was carefully poured into other centrifuge tubes 

and centrifugation was carried out at 1,500 rpm (270 x g) for 

30 minutes. This second centrifugation at relatively low forces 

was necessary in order to clear the purified preparation of 

residual resin sediment. 

The supernatant from the second low speed centrifugation 

was then subjected to centrifugation at 11,000 rpm for 1 hour. 

This sediment was checked for purity by smearing a small amount on 

glass slides and staining by Macheavello,s method (Gray, ±95h). A 

microscopic examination of the slides revealed massive numbers of 

rickettsiae, small to moderate amounts of resin, and no apparent 

yolk sac contaminating materials. 

c) Activity of the Purified Rickettsiae 

Since one aspect of this research was to determine whether 

radioactivity was incorporated into the rickettsiae via the yolk 

sac it was deemed necessary to use a purification procedure which 

yielded viable or infective rickettsiae. Such a requirement ruled 
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out the possibility of utilizing such procedures of purification 

as that of Craigie (I9li5>), used so successfully during World 

War II for Idle production of typhus fever vaccine, and more 

recently methods of Colter et al. (19^6) and Ribi and Hoyer (i960). 

In view of the requirement of viability in the final 

purified rickettsial suspension it was necessary to titer the 

infectivity of yolk sac homogenates prior to purification and com

pare these titers with those obtained from purified suspensions of 

rickett3iae. This was done a number of times and in every case a 

titer equal to or greater than that of the yolk sac homogenate was 

obtained with the purified rickettsiae. Titrations (ID̂ q) were 

performed in seven-day-old embryonated eggs using the technique of 

Reed and Muench (1938). Infection was confirmed in these eggs by 

yolk sac smears stained by the Macheavello technique. 

D. ANALYTICAL PROCEDURES 

1. Determination of Radioactive Isotope 

Radioactive determinations were made in a Geiger-Muller 

counter equipped with a gas-flow D-bl tube (Nuclear Chicago 

Corporation, Chicago 10, Illinois). A windowless tube resulted 

in a disturbance of the barium carbonate precipitate, therefore, 

a "micrond-l" window was used on all determinations. All samples 

were counted for a minimum of 2,000 counts or 10 minutes which is 

at the 95$ confidence level. No counts were accepted unless the 

values were at least twice that of the background. 

Radioactive carbon dioxide collected from individual eggs 

was precipitated as BaCÔ  with baryta's solution (approximately 
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0.25 N Ba(0H)2 with 2% BaĈ ), washed twice in distilled water, 

once in 70$ ethanol, and plated on tared Whatman No. $h2 hardened 

filter paper disks 2.k cm in diameter in an E-29 Filter Tower 

(Tracerlab, Inc., Boston 10, Massachusetts). All samples were 

dried to a constant weight, weighed, the radioactivity measured, 

and the samples corrected for self-absorption by the method of 

Schweitzer and Stein (19̂ 0). 

Samples of various egg components, homogenates, extracts, 

etc. were combusted in an apparatus designed by Stutz and Burris 

(19?1) by the method of Van Slyke and Folch (191*0) or in the case 

of samples containing possible volatile materials by the persulfate 

method of Calvin et al. (19U9). Carbon dioxide was collected in 

baryta's solution and precipitated as BaCÔ . The BaCÔ  precipi

tates were treated as above. 

Progress during an extraction procedure was frequently 

followed by direct plating of extracts, drying under infra-red 

heat, and counting in the counter described above. Spots from 

chromatograms were cut out and counted without elution from the 

paper to determine progress in chromatographic procedures and also 

on occasion were eluted and a portion of the eluate dried and 

counted. 

2. Collection of Carbon Dioxide 

After preliminary experiments showed that much of the 

injected radioactivity was not recoverable from the various egg 

components, it was necessary to construct a device to collect the 

carbon dioxide from the respiring embryonated eggs. 
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A device was first constructed which had a vibrator type 
j 

air pun̂  which ran continuously, pumping a stream of air through 

a 20% KDH trap and into a manifold. From the manifold the air 

flowed through individual egg containers into individual 20% KOH 

collection tubes for carbon dioxide. It was found that viability 

of the eggs was very poor when air was pumped through the egg 

chambers continuously. This is in accord with the observations of 

Hamilton (l9f>2) who found that some carbon dioxide is beneficial 

to the developing embryo. 

It was therefore necessary to construct a device which 

would provide for the interval collection of carbon dioxide. Such 

an interval collection device is shown in Figures 1,2, and 3. 

Figure It is a diagram illustrating the principle of the interval 

carbon dioxide collection device. Air from the pump (A) flows 

through a 2Q% KOH carbon dioxide trap (B) and into a manifold (C). 

The manifold used in this study had 12 outlets. From the manifold, 

the carbon dioxide-free air passed via rubber tubing through a 

solenoid activated valve (D) and into an egg chamber (E). The 

carbon dioxide-laden air from the egg chamber (E) passes back 

through valve (D) into the 20% KOH collection tube (F). Rubber 

tubing from the collection tube (F) conveys the carbon dioxide-

free air through the solenoid activated valve (D) into the second 

egg chamber (G) of the series. The carbon dioxide-laden air from 

this chamber passes through valve (D) into the collection tube (H). 

It was deemed necessary to pass the rubber tubing through the 

solenoid activated valve (D) each time so that no KOH could enter 
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the egg chambers in the event a slight vacuum or pressure should 

build up in a chamber. 

Figure f? is a diagram illustrating the electrical cir

cuitry for the interval carbon dioxide collection device. The 

timing motor advances the stepping relay once every 10 minutes. 

The solenoid clamp selected by the stepping relay is energized as 

the timing motor switch moves to the down position. At the end of 

the period which is established by the timing motor, the solenoid 

is de-energized and the relay advanced. This cycle normally con

tinues indefinitely, however, the valves can be turned off or the 

relay advanced manually by means of the operating switch; 

3. Preparation of Extracts 

a) Extraction of "Yolk" Fraction 

An aliquot of the "yolk" fraction was subjected to steam 

distillation. The distillate was checked for radioactivity and was 

found to contain no measurable amount of activity. 

A second aliquot of the "yolk" fraction was acidified with 

HC1 and extracted with diethyl ether overnight at 20 C on a rotat-
1 

ing shaker. The phases were separated and the ether extract was 

heated until the ether was driven off. The residue was a fatty 

material. This residue was smeared on a planchet and its radio

activity determined. Very small amounts of radioactivity were 

present in these extracts. This material was chromatographed in 

Solvent Nos. 1 and 2. Radioautographs were prepared with the 

chr omatograms. 

To the water phase of the ether extraction was added 



27 

Figure 1. The interval carbon dioxide collection 

device photographed in situ. 
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Figure 2. The interval carbon dioxide collection 

device photographed from a front-

oblique position. The expanded metal 

casing at the left rear encloses the 

timing mechanism. The punp and KOH 

carbon dioxide trap are located at the 

right rear. 
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Figure 3. A close-up view of a single series 

of chambers on the interval carbon 

dioxide collection device. Note 

the 12 manifold outlets at the rear 

of the apparatus, extending between 

the timing device on the left and 

the pump on the right. Immediately 

to the front of this manifold are 

one-half of the solenoid activated . 

valves with the other half of the 

valves being located on the other 

side of the manifold to the rear. 
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Figure h. A diagram illustrating the principle 

of the interval carbon dioxide collec

tion device. Air from pturp (A) passes 

through KOH trap (B) into manifold (C). 

From the manifold the air passes through 

solenoid activated valve (D) into egg 

chambers (E) and (G) in series. Imme

diately adjacent to the egg chambers are 

carbon dioxide collection tubes (F) and 

(H) in which the carbon dioxide from the 

respective chambers is collected. 
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Figure 5. Electrical circuitry for the interval 

carbon dioxide collection device. 
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enough 9$% ethanol to .approximate a final concentration of 70% 

ethanol. This was boiled for 20-30 minutes and centrifuged. The 

supernatant was plated and activity determined. This was condensed 

under vacuum and chromatographed. Radioautographs were prepared. 

The residue from the ethanol extraction was; subjected to 

hydrolysis with formic acid and 6 N hydrochloric acid. The hydro-

lysate was plated and activity determined. Very small amounts of 

radioactivity were present. 

Extraction of Yolk Sac and Purified Rickettsiae 

Yolk sacs and purified suspensions of rickettsiae were 

treated according to the extraction procedure outlined in Figure 6. 

This is a modification of the method of Ogur et al. (195(2). These 

preparations were first homogenized by grinding in a Ten Brock 

grinder and then further homogenized by sonic vibration for 10 min

utes utilizing a Mullard Ultrasonic Disintegra-tor (Instrumentation 

Associates, 17 West 6oth Street, New York 23, New York). The tube 

with the preparation being homogenized was immersed in an ice bath. 

Following sonic vibration the suspension was centrifuged at 11,000 

rpm (llj.,5>00 x g) at U C. The resulting supernatant was designated 

as the "Water Soluble" fraction.' The sediment was washed with a 

small amount of distilled water, the washings being pooled with the 

"Water Soluble" fraction. 

The sediment from the preceding step was subjected to 

extraction with 70% ethanol and ethyl ether (1:1) at̂  20 C on a 

rotary shaking device. This suspension was acidified with glacial 

acetic acid prior to extraction. Following extraction, 
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centrifugation was accomplished as before. The supernatant was 

designated the "ETOH-ETHER" fraction. 

The resulting sediment was subjected to boiling in 70% 

ethanol for 10-20 minutes. This was centrifuged and the super

natant designated the "Hot ETQH" fraction. 

The residue of the preceding step was then subjected to 

extraction with 0.1 N HCIÔ  at I4 G for 10 minutes. The supernatant 

from this extraction was designated the "Cold 0.1 N HCIÔ " fraction. 

The sediment was then subjected to 1 N HCIÔ  extraction 

at li C overnight. The supernatant was designated the "Cold N HCIÔ " 

fraction. 

The residue from the preceding centrifugation was next 

hydrolyzed in 1 HCIÔ  at 70-80 C for 1 hour. The supernatant 

from this extraction was designated the "Hot N HCIÔ " fraction. 

The final sediment was then subjected to hydrolysis with 

formic acid and 6 N hydrochloric acid (ltl) by refluxing overnight 

(Bloch, Durrum, and Zweig, 195>8). This hydrolysate was designated 

the "Protein Hydrolysate" fraction. 

Extracts prepared in the manner described were condensed 

to 1 ml or less and subjected to chromatography. In some cases, 

prior to condensation, the activity was measured by direct plating. 

Condensation was accomplished on a Rinco rotary vacuum device 

(Rinco Instrument Co., Greenville, Illinois). The fractions were 

subjected to mild heat except when volatile solvents were used.. 

Samples of a small volume were evaporated in a sulfuric acid-vacuum 

desiccator. 
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Figure 6. Flow-diagram for the extraction of 

yolk sacs and purified rickettsiae. 
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c) Extraction of Embryo Nucleic Acids 

The nucleic acids present in the embryos were extracted by 

a modification of the method of Gierer and Schramm (1956) and Kirby 

(1957, 1958). The embryos were homogenized in a Ten Brock grinder 

and then further homogenized by sonic vibration in an ice bath. An 

equal volume of water-saturated phenol was added to an aliquot of 

the homogenized embryos. This was shaken intermitantly for 5 min

utes. The water and phenol phases were separated by centrifugation. 

The water phase and the interface were pipetted off leaving behind 

the phenol phase, the nucleic acids being in the water phase. This 

procedure was repeated with 1/2 the volume of phenol and finally 

with l/k the volume of phenol. The phenol was removed by treatment 

with freshly opened diethyl ether. Ether treatment to remove the 

phenol was performed six to seven times, until the odor of phenol 

could no longer be detected. 

The phenol extract of nucleic acids was subjected to pre

cipitation with ethanol (Aronoff, 1957). This was accomplished by 

adding three volumes of 95# ethanol to the phenol extract which had 

been acidified with glacial acetic acid. This was performed at It C 

overnight. The nucleic acids were precipitated and were separated 

from the ethanol by centrifugation. The precipitates were washed 

twice in 9$% ethanol. The precipitates were redissolved in HC1 

and their absorption spectra determined in a Beckman D.U. spectro

photometer. They were then evaporated to dryness in a sulfuric 

acid-vacuum desiccator, redissolved in 1 ml of distilled water, and 

subjected to alkaline hydrolysis in 1 N NĤ OH at 30 C overnight. 
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The hydrolysates were evaporated to dryness under vacuum, 

redissolved in 0.5 ml distilled water, and chromatographed in 

Solvent No. 3. Absorbing spots were cut from the chromatograms 

and radioactivity.determined. 

Since the ethanol soluble fractions of the nucleic acid 

extract contained a considerable amount of radioactivity, they were 

evaporated under vacuum to dryness, redissolved in 1 ml of distilled 

water, plated, and radioactivity determined. They were chromato-

graphed in Solvent No. 3 in one dimension. They were desalted in 

a B.T.L. Chromatographic Desalting Apparatus (Torsion Balance Co., 

Clifton, New Jersey) and their absorption spectra determined. 

J4. Chromatography 

Extracts were chromatographed on "Whatman No. 1 chromato

graphic paper either in one or two dimensions. Chromatography 

was carried out in chromatocabs manufactured by Research Special

ties Co., Berkeley, California. These chromatocabs contain four 

glass solvent trays and have holes drilled above each tray for the 

addition of the solvent. These holes, when not being used, were 

stoppered with plastic stoppers. 

a) Solvents 

The following solvents were used for two-dimensional 

chromatography: 

1) Solvent No. 1 was used for the first dimension, 

usually run in the machine direction of the paper. This was the 

solvent of Hausmann (1952), with the following constituents: 
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2-Butanol 1̂ 0 ml 

formic Acid 30 ml 

Distilled water 20 ml 

2) The solvent of Redfield (195>3) "was used for the second 

dimension, usually run at right angles to the machine direction of 

the paper. This solvent was designated Solvent No. 2 and had the 

following constituents: 

3-Butanol UO ml 

2-Butanone (ethyl-methyl-ketone)......UO ml 

Distilled water 20 ml 

3) In addition to the above solvents, the solvent of 

Roberts et al. (1957) was used in one dimension for the separation 

of nucleic acid hydrolysates. This solvent has the following con

stituents: 

3-Butanol ... 70 ml 

12 N Hydrochloric acid......... . . .6.7 ml 

Distilled water ..23.3 ml 

This solvent was designated as Solvent No. 3. 

U) The following solvent (Jermyn and Isherwood, 19U9) 

was used in one dimension for checking the purity of the radio

active glucose used in these studies. 

Ethyl acetate .8 parts 

Pyridine 2 parts 

Distilled water 1 part 

The reagents used were Eastman Kodak, white label,, or 

J.T. Baker Co., reagent grade. 
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b) Methods of Detecting Unknown Confounds 

1) Radioautography A method was used similar to that 

of Bassham and Calvin (1957). After chromatography is complete, 

the dried chromatograms are marked with radioactive ink in order 

that the chromatograms and radioautographs may be matched by 

coordinate points. The radioactive ink was prepared by adding a 

small amount of labeled organic material to india ink. The 

chromatograms were placed in contact with a sheet of lii x 17 inch 

Eastman Kodak X-Ray no screen film in a light proof x-ray film 

holder. The latter procedure was performed in a photographic 

darkroom with or without a red safe-light. The x-ray exposure 

holders were placed under lead bricks to insure intimate ccaitact 

of the chromatograms with the film. 

After the films were exposed for an appropriate period of 

time, they were developed in Kodak Rapid X-«ay Developer for 

approximately 7 minutes in a U.S. Army field Type X-Ray Developing 

Unit. At the end of the developing time the films were inspected 

with the aid of a red safe-light to determine whether or not 

development was adequate. Following development, the films were 

rinsed in running tap water and then immersed in Kodak X-Ray Fixer 

for approximately 20 minutes. Films were washed a minimum of 2 

hours in running water before hanging to dry in a hood at room 

temperature. 

The length of exposure of the chromatograms varied with 

the amount of material originally placed on the chroraatogram and 

the size of the chromatogram. About 10"̂  yuug of C-̂  activity 
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distributed over a 6 cm2 area of the paper is sufficient to cause 

visible darkening of the film in 2h hours. This amount of radio

carbon emits 22,000 beta particles per minute, of which about 

7,000 per minute escape from the paper, or 3,500 per minute on 

each side. With 2 weeks1 exposure 1/20 of this amount can barely 

be detected. This is nearly the limit of sensitivity of detection 

by this method, since the darkening of the film by this number of 

beta particles is just discernible above the darkening due to 

cosmic radiation (Bassham and Calvin, 1957). When smaller chro-

matograms were utilized a smaller spot resulted and a lesser num

ber of counts was required for visibility on radioautographs. 

Accordingly, large chromatograms were exposed to film for 6 to 8 

weeks, while smaller chromatograms were exposed to film for 2 to It 

weeks. 

2) Spray Reagents 

a) Ninhydrin 

The reagent consisted of a 0.2$% solution of 

ninhydrin (triketohydrendene hydrate) in water saturated N-buta-

nol. If refrigerated in a tightly stoppered bottle in the dark 

the reagent may be used for several weeks. After having been" 

sprayed, the chromatograms were heated at 56 C for approximately 

30 minutes. Host amino acids react to give purple spots. Excep

tions are proline and hydroxyproline which give yellow spots. 

Aspartic acid is a distinct blue; glutamic acid is blue-violet as 

are the neutral amino acids; tryptophane is olive brown; aspara-

gine, brown; and the basic amino acids are slate blue. Other 



compounds such as peptides also give colors. Berry et al. (19!?1) 

have found that as little as 0.2 yug of some amino acids may be 

detected. 

b) Aniline Hydrogen Phthalate 

The method of Partridge (19it9) and Aso et al. (l95 3) 

was used to detect sugars. Approximately 930 mg. of redistilled 

aniline and 1.6 grams of phthalic acid were added to 100 ml. of 

water saturated N-butanol. The dried chromatogram was sprayed and 

heated for 5 minutes at IOJj C. Sucrose will react when the paper 
is heated at 115-120 G for 10 minutes. Aldopentoses react to give 

red spots; aldohexoses, deoxy-sugars, and uronic acids react to 

give various shades of green and brown. In addition, it was found 

that deoxyribonucleic acid (DNA) reacts to give a light tan color 

and RNA reacts to give a light pinkish-tan color. Nitrogenous bases 

al30 react to give various colors of gray, tan, and black. 

c) Acid-Base Spray 

A 0.01$ solution of Brora-thymol blue dissolved in 

butanol was used to determine the presence of acidic or basic 

compounds. In instances where the background was also acidic 

ammonia fumes were allowed to waft over the surface of the chro

matogram. Acidic spots were readily detected. 

d) Detection of Phosphate Groups 

Chromatograms were first sprayed with aniline 

phthalate and developed as previously described. This treatment 

was followed by the molybdate spray of Hanes and Isherwood (±9h9) • 

This resulted in blue spots with organic phosphate esters. 
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3) Method of Detecting Bases 

The method of Markhan and Smith (19l;9) was used for the 

detection of purines, pyrimidines, nucleosides, nucleotides, and 

nucleic acids on chromatograms. The paper was exposed to ultra

violet light of 2$h n)i. This light is 3trongly absorbed by these 

basic compounds. Their presence is revealed by dark patches on 

the paper. The method is reported to detect as little as 

approximately £ /Ug of base. 



RESULTS 

A. RESPIRATORY CARBON DIOXIDE STUDIES 

The respiratory carbon dioxide from individual embryos was 

collected using the interval carbon dioxide collection device 

described earlier. Carbon dioxide was collected at 2k hour inter

vals frcm each egg, precipitated as barium carbonate, and the 

radioactivity determined. 

The cumulative radioactive carbon dioxide from eggs 

injected with uniformly labeled glucose has been plotted against 

time (Figure 7). It is evident that with uniformly labeled glu

cose the output of radioactive carbon dioxide did not vary 

significantly with the injection of the Sucrose-P.G. carrying 

medium or with the infection of the eggs with rickettsiae. 

The cumulative radioactive carbon dioxide from eggs injected 

with glucose labeled in the number six position is similar to that 

obtained with uniformly labeled glucose, i.e., no significant 

difference is evident in normal eggs and those injected with either 

the Sucrose-P.G. carrying medium or rickettsiae (Figure 8). 

The cumulative radioactive carbon dioxide from eggs 

injected with glucose labeled in the number one position reveals 

significant differences between normal eggs, eggs injected with 

Sucrose-P.G., and infected eggs (Figure 9). It can be noted that 

the shape of the curve for the normal eggs' respiratory carbon 

dioxide from glucose-l-Clk is very similar to the shape of the 

curves for both uniformly labeled glucose and glucose labeled in 

'U8 
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Figure 7» A comparison of the cumulative radioactivity 

present in respiratory carbon dioxide from 

normal eggs, eggs injected with Sucrose-P.G., 

and eggs infected with Rickettsia typhi 

with uniformly labeled glucose for a sub

strate . 
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Figure 8. A comparison of the cumulative radioactivity 

present in respiratory carbon dioxide from 

normal eggs, eggs injected with Sucrose-P.G., 

and eggs infected with Rickettsia typhi 

with glucose-6-C1̂  as a substrate. 
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Figure 9» A comparison of the cumulative radioactivity 

present in respiratory carbon dioxide from 

normal eggs, eggs injected with Sucrose-P.G.; 

and eggs infected with Rickettsia typhi with 

glucose-l-Ĉ  as a substrate. 
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the six position. However, two effects may be seen. The injection 

of Sucrose-P.G. resulted in a decrease in the amount of radioactivity 

present in the respiratory carbon dioxide, thereby causing a 

depression of the curve. Conversely, infection with R. typhi 

resulted in an increase in the amount of radioactivity present in 

the respiratory carbon dioxide, thus causing an elevation of the 

curve. 

The ratio of radioactivity in respiratory carbon dioxide 

from eggs injected with glucose-l-Ĉ  has been compared to the 

radioactivity in respiratory carbon dioxide from eggs injected with 

glucose-6-C1̂  (Figure 10). It may be 3een that the injection of 

Sucrose-P.G. had a pronounced effect on the glucose-1-C-̂ : 

glucose-6-Cl̂  ratio which fell to a value of approximately 0.55. 

This was further evident by the declining pattern of the curve from 

this group of eggs. 

Infection with R. typhi also had a significant effect upon 

the ratios of glucose-l-C-3-̂  to glucose-6-C-̂ . The pattern of this 

curve was generally that of an elevated ratio, with the maximum 

ratio attained being 1.37* It should be noted that eggs injected 

with Sucrose-P.G. were better control for the infected eggs than are 

those which are not injected. 

The specific activity (c.p.m. per millimole) of the carbon 

dioxide from eggs injected with uniformly labeled glucose is shown 

in Figure 11. This graph reveals that there was little variation 

in the specific activity of the carbon dioxide from normal eggs, 

eggs injected with Sucrose-P.G., and eggs infected with R. typhi. 
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Figure 10. A comparison of the cumulative 

glucose-l-C-̂ : glucose-6-0̂  

ratio of radioactivity from 

respiratory carbon dioxide from 

normal eggs, eggs injected with 

Sucrose-P.G., and eggs infected 

with Rickettsia typhi. 
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Figure 11. A comparison of the cumulative specific 

activity of respiratory carbon dioxide 

from normal eggs, eggs injected with 

Sucrose-P»G., and eggs infected with 

Rickettsia typhi when glucose-U-C1̂  

was U3ed as a substrate. 
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The specific activity of the carbon dioxide from eggs 

injected with glucose-6-C1^ was similar to that obtained from eggs 

injected with uniformly labeled glucose, except that the 3lope of 

the curvewas depressed (figure 12). 

Carbon dioxide from eggs injected with glucose-l-G-̂  and 

infected with R. typhi gave results that closely approximated the 

curve obtained with normal eggs (ligure 13). Eggs injected with 

Sucrosê P.G. resulted in a curve which had a slope that was signi

ficantly lower than the slopes of the curves obtained with normal 

eggs and infected eggs. 

B. TOTAL DISTRIBUTION OF RADIOACTIVITY IN EGGS 

The average percentage distribution of radioactivity iri 

various fractions of eggs injected with glucose-U-C-̂  has been 

determined (Table l). These eggs had been incubated a total of 12 

days when harvested. It is apparent that a relatively large part 

of the radioactivity injected is still retained in the yolk frac

tion at the end of i2 days. Another large amount of radioactivity 

was discharged as carbon dioxide. The embryos of eggs injected 

with Sucrose-P.G. and infected with R. typhi contained approxi

mately .the same amount of radioactivity as the eggs which were not 

inoculated. The rickettsiae at the end of 12 days retained only a 

very small percentage o£ the initial radioactivity injected. 

The major part of the radioactivity in eggs injected with 

glucose-6-C1̂  was contained in the yolk fraction and in the 

respired carbon dioxide (Table l). These eggs had been incubated 

lit days when harvested. 
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Figure 12. A comparison of the cumulative specific 

activity of respiratory carbon dioxide 

from normal eggs, eggs injected with 

Sucrose-P.G., and eggs infected with 

Rickettsia typhi when glucose-6-C-1̂  

was used as a substrate. 
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Figure 13. A comparison of the cumulative specific 

activity of respiratory carbon dioxide 

from normal eggs, eggs injected with 

Sucrose-P.G., and eggs infected with 

Rickettsia typhi when glucose-l-Ĉ  

was used as a substrate. 
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It may be noted also that the percentage of radioactivity 

retained in the yolk sacs, the embryos, the chorioallantoic mem

branes and the rickettsiae was of the same magnitude as the per

centage retained in the same fractions in eggs injected with glu

cose 

The average percentage distribution of radioactivity in 

different fractions of eggs injected with glucose-l-Ĉ  has also 

been determined (Table 1). These eggs had been incubated 13 days 

when harvested. The major amount of radioactivity was present in 

the yolk and the respired carbon dioxide as was the case with eggs 

injected with glucose-U-C1̂  and glucose-6-C1̂ . However, it can be 

seen that the percentage of radioactivity present in the respired 

carbon dioxide of infected eggs injected with glucose-l-C1̂  was 

significantly higher than in normal eggs. This was the converse of 

the situation which occurred in eggs injected with the other two 

isotopes. The respired carbon dioxide from the eggs inoculated 

with Sucrose-P.G. showed a much smaller amount of radioactivity. 

The amounts of radioactivity present in the yolk sacs of eggs 

injected with glucose-l-C1̂  were of the same magnitude or slightly 

higher than in eggs injected with glucoseand glucose-6-0^, 

This situation was also true for the embryos. The chorioallantoic 

membranes contained approximately the same percentage of total 

radioactivity in these eggs as in the eggs injected with the other 

two isotopes. The rickettsiae again contained only a very small 

fractional amount of radioactivity. 



Table 1. Average percentage cdatribution of radioactivity in egg fractions 

Isotope 
Pool co2 irotK Y.SAC EMBRYO C.A.M.1 RICK.2 TOTAL 

Uniform 
Normal 

52 h3 6 11 2 . llli 

Uniform 
Sucrose-P<iG. 

56 .1*6 9 12 2 127 

Uniform 
Infected 

39 5o 3 10 1.5 0.15 loh 

1 
Normal 

37 33 11 16 3.5 103 

1 
Sucrose-P.G. 

18 kZ 10 10 2 82 

1 
Infected 

5o 37 3 15 2.5 0.25 108 

6 
Normal 

53 26 8 15 3 101 

6 
Sucrose-P.G. 

37 2 h 7 13 2.5 83 

6 
Infected 

32 b3 3 12 • 2 0.20 87 

-̂ Chorioallantoic membrane 



C. RADIOACTIVITY IN EGG JRACTIONS 

1. Yolk 

An aliquot of the yolk fractions from egga injected with 

glucose-U-Ĉ  were subjected to steam distillation and the 

distillate was checked for radioactivity. No radioactivity was 

present in this fraction of the yolk indicating that volatile 

radioactive compounds were not present in the yolk. 

The ether extraction of the yolk and the yolk protein 

hydrolysate contained such a small amount of activity that no 

further chemical techniques were applied to them. The bulk of 

radioactivity in the yolk was present in the boiling ethanol 

extract. This extract was condensed and chromatographed in two 

dimensions in Solvent Nos. 1 and 2. Radioautographs were prepared 

from these chromatograms. The most dense spots (and the largest) 

were identified as glucose. They gave appropriate Rf values, a 

positive reaction (brown) with aniline hydrogen phthalate spray, • 

and a niegative phosphate reaction. In addition to these spots 

eight other radioactive spots were observed on the radioautographs. 

These were all negative when sprayed with aniline hydrogen phthalate, 

negative for phosphate, and negative when sprayed with ninhydrin. 

They did not absorb ultraviolet light. The Rf values for these 

compounds are found in Table I of the Appendix. 

2. Yolk Sac 

Table 2 shews the distribution of radioactivity in various 

extracts of the yolk sac. The ether soluble extract left a fatty 

residue when the ether was evaporated. Nothing, further was done 
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with this extract. Since the cold 0.1 N HCIÔ  extract contained 

negligible activity, nothing further was done with it. Two-

dimension chromatograras were made on each of the remaining concen

trated extracts using Solvent Nos. 1 and 2. Radioautographs were 

prepared from each of the chromatograras. No radioactive spots 

were observed on the radioautographs of the alcohol-ether extracts. 

Faint spots of radioactivity could be detected on the radioauto

graphs of the cold N HCIÔ  and the hot N HCIQ̂  only at the origins 

of the chromatograms of extracts which showed initial activity. 

Extracts which showed no initial radioactivity also produced no 

detectable spots on radioautographs. 

a) Water soluble extract 

Table 3 shows the location of the radioactive compounds 

present in the water soluble extracts. It can be seen that all of 

the radioactive spots correspond to one of the four different com

pounds represented in the extract of the normal yolk sacs from eggs 

injected with glucose-TJ-C1̂ . Thus, compounds YS-fl, YS-9, YS-13, 

YS-19, and Y5-23 correspond to compound YS-1. Compounds YS-6, 

YS-10, YS-li;, YS-20, and YS-2i[ correspond to compound YS-2. Com

pounds YS-11, YS-15, Y5-21, and YS-2£ correspond to compound YS-3. 

Compounds YS-7, YS-12, YS-16, YS-22, and YS-26 correspond to com

pound YS-ii. _ All four compounds were present, in the yolk sacs of 

the non-injected eggs which served as normal controls regardless of 

label. They were also present in the yolk sacs of eggs injected 

with Sucrose-P.G., except that the compound corresponding to YS-3 

was lacking in eggs injected with glucose-U-C1̂ . 



Table 2. Radioactivity (c.p.m.) present in yolk sac extracts 

Isotope 
Pool Ether 

Water 
Soluble 

ETOH-
ETHER 

Hot 
ETOH 

0.1 N 
Cold 
HCIÔ  

Cold N 
HCIÔ  

Hot N Protein 
HC10[, Hydrolysate 

Uniform 
Normal 

11,300 52,600 1,800 500 200 600 1,100 10,000 

Uniform 
Sucrose-P.G. 

9,300 3li,300 1,200 llOO 200 1,200 l,ii00 10,800 

Uniform 
Infected 

2,200 5,6oo 800 200 100 0 300 2,500 

1 . 
Normal 

8,800 . 21,000 600 300 0 500 600 6,900 

1 
Sucrose-P.G. 

11,300 5U,Uoo 900 • 500 • 100 600 800 6,100 

1 (3fc & 39) 
Infected 

330 2,000 600 100 0 0 0 1,200 

1 (35 & 1*1) 
Infected 

600 2,100 liOO 100 0 0 0 1,200 

6 
Normal 

9,600 32,000 900 500 0 700 600 6,300 

6 
Sucrose-P'.G. 

10,100 38,100 1,200 500 0 boo 600 *1,900 

6 
Infected 

3,100 5,600 700 200 0 0 0 1,500 
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Table 3. Radioactive compounds present in the water soluble 

extract of yolk sacs 

Isotope Rf(x 10̂ ) Rf(x 10̂ ) 
Pool Solvent 1 Solvent 2 

Uniform YS-1 9 2 
Normal' YS-2 6 12 

YS-3 26 8 
YS-ii 60 82 

Uniform YS-5 9 2 
Sucrose-P.G. YS-6 6 12 

YS-7 60 80 

Uniform 
Infected 

YS-8 Weak spot at origin only 

1 
Normal 

Sucrose-P.G. 

1 (3k & 39) 
Infected 

YS-9 
YS-10 
YS-11 
YS-12 

YS-13 
YS-lii 
YS-15 
YS-16 

YS-17 

10 
7 

2b 
10 

7 
7 
2? 
69 

0 
10 
6 
80 

6 
27 
17 
76 

Weak spot at origin only 

1 (35 & ItD 
Infected 

YS-18 Weak spot at origin only 

6 
Normal 

Sucrose-P.G. 

YS-19 
YS-20 
YS-21 
YS-22 

YS-23 
YS-21; 
YS-25 
YS-26 

6 
6 

28 
7if 

5 
8 

26 
7? 

9 
26 
18 
8U 

7 
21; 
29 
80 

6 
Infected 

YS-2 7 Weak spot at origin only 
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Compounds corresponding to YS-1 were characterized in the 

following manner. They were fluorescent under 2$k myuk. ultraviolet 

light. They gave a negative reaction with aniline hydrogen 

phthalate. They gave a negative reaction for phosphate. They v 

reacted when sprayed with ninhydrin to give a purple spot. The 

corapounds gave an acid reaction when sprayed with brom-thymol blue 

indicator. Thus, the indentity of these compounds is established 

as glutamic acid or a compound closely related to glutamic acid. 

Compounds corresponding to YS-2 were characterized as 

follows. They absorbed ultraviolet light. They gave a negative 

reaction with ninhydrin, a positive reaction for phosphate, and 

were neither acid nor alkaline when sprayed with brom-thymol blue. 

They reacted with aniline hydrogen phthalate to give a brownish-

grey color. It seems probable that this conpound is adenylic acid. 

Compounds corresponding to compound YS-3 were character

ized in the following manner̂  They gave a negative reaction with 

ninhydrin, a negative reaction for phosphate, a negative react-ion 

when sprayed with aniline hydrogen phthalate, and were neither 

alkaline nor acid when sprayed with brom-thymol blue. They did not 

absorb ultraviolet light. These corapounds could not be identified. 

Compounds correspending to compound YS-lj had the following 

characteristics. They gave a negative reaction with aniline hydro

gen phthalate, a negative reaction with ninhydrin, a negative 

reaction for phosphate, and did not absorb ultraviolet light. They 

had an acid reaction when sprayed with brom-thymol blue. There

fore, it seems probable that these compounds are either succinic or 

-ketoglutaric acid since these dicarboxylic acids have similar 
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Rf values in the solvents used* The solvents used do not discrim

inate between these two acids. 

None of, the yolk sacs of infected eggs contained any of 

- the above described compounds in detectable amounts. 

b) Hot ETOH extract 

These extracts of the yolk sac contained only three radio

active compounds revealed by the radioautographs. In the normal 

yolk sacs injected with glucose-U-C1̂  a spot was present at Rf 0.12 

in Solvent Nor 1 and Rf O.I46 in Solvent No. 2. The normal yolk 

sacs injected with glucose-6-C"̂  contained a radioactive compound 

with an Rf of 0.3b in Solvent No. 1 and an Rf of 0.1̂ 2 in Solvent No. 

2. The infected yolk sacs (3h and 39 pool) contained a radioactive 

compound with an Rf of 0.35 in Solvent No. 1 and an Rf of 0.1̂ 0 in 

Solvent No. 2. All of these compounds were negative when sprayed 

for carbohydrate with aniline hydrogen phthalate, negative when 

sprayed with ninhydrin, negative for phosphate, and gave no reac

tion when sprayed with brom-thymol -blue. They remained unidenti

fied. 

c) Protein hydrolysate 

The protein hydrolysates of the yolk sacs contained only 

two radioactive spots which fogged radioautographs and reacted with 

ninhydrin. The yolk sacs of normal eggs injected with glucose-U-Ĉ  

had such a compound at Rf 0.26 in Solvent No. 1 and Rf 0.23 in 

Solvent No. 2. The yolk sacs of eggs injected with Sucrose-P.G. in 

the glucose-l-Cl̂  series contained a radioactive compound at Rf 0.25 

in Solvent No. 1 and Rf 0.U0 in Solvent No. 2. Neither of these 
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'two radioactive compounds corresponded in Rf values in the two 

solvents used with known naturally occurring amino acids. These 

compounds are unidentified. 

D. RADIOACTIVITY IN THE RICKETTSIAE 

Table it gives the radioactivity present in the various 

extracts of purified rickettsial. It is apparent that the major 

portion of the radioactivity is present in'the water soluble 

extracts. Another smaller amount is present in the protein 

hydrolysates. A slight amount of radioactivity was also present in 

the ethanol-ether extract and the hot ethanol extracts. However 

the quantity of radioactivity present in these latter two fractions 

was so small that no examination by further chemical techniques was 

warranted. 

1. Water Soluble Extract 

The water soluble extracts were chromatographed in two 

dimensions in Solvent Nos. 1 and 2 and radioautographs were made 

with the chromatograms. Only one spot of radioactivity was 

apparent from an examination of the radioautographs. This spot 

had an Rf of 0.10 in Solvent No. 2 and showed no migration in 

Solvent No. 1. These spots of radioactivity were designated as 

PR-1. The radioactive spots were present in extracts of rickettsiae 

from eggs which had been injected with glucose-U-C1̂  and glucose-

6-C1̂ . No radioactivity was detected from rickettsiae from eggs 

injected with glucose-l-C1̂ . Spot PR-1 gave a positive reaction 

for carbohydrate when sprayed with aniline hydrogen phthalate. 

Spot PR-1 was eluted in 0.1 N HC1 and the Beckman D.U. absorption 
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Table H. Radioactivity present in rickettsial extracts 

Rickettsial Pool:Glucose Label 
c.p.m. 

Extract :Uniform l(3h & 39) 1(35 & hi) 6 

Water Soluble 75oo 23^0 685 23h0 

ETOH - ETHER 760 260 310 720 

Hot ETOH 660 22U 260 760 

Cold 0.1 N HCIÔ  0 0 • 0 0 

Cold N HCIÔ  0 0 0 0 

Hot N HCIÔ  0 0 0 0 

Pr 6tein hydr olysate • 1205 0 800 1620 
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spectrum determined after the eluates were desalted. The eluate 

had an absorption peak of 200 m/u.. This eluate was hydrolyzed ill 

N HC1 at 70-80 C for 1 hour, condensed to dryness under vacuum, 

and chromatographed in two dimensions in Solvent Nos. 1 and 3. 

Radioautographs were prepared from these chromatograms. After 

an exposure of 6 weeks no radioactivity could be detected from the 

radioautographs. Compounds which absorbed ultraviolet light were 

detectable in the locations as shown in Table 5>. These were nega

tive for carbohydrate when sprayed with aniline hydrogen phthalate, 

negative with ninhydrin spray, and neutral to brom-thymol blue. 

Table Rf values of ultraviolet absorbing spots of hydrolysates 

of PR-1 (x 102) 

PR-la PR-lb PR-lc PR-Id 

Rf: Solvent No. 1 3 8 6$ £8 

Rf: Solvent No. 3 • 20. 27 l£ 80 

Spots PR-la, PR-lb, PR-lc, and PR-Id were eluted and 

absorption studies attempted. These were unsatisfactory as a 

florescent contaminant interfered with the spectrophotometer read

ings. The eluates were evaporated to dryness under vacuum, 

redissolved in water, 'spotted on chromatography paper adjacent to 

known chromatographic standards, and chromatographed in Solvent 

No. 3. These were shown to be the following: 
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PR-la — Adenine 

PR-lb — Guanine 

PR-lc — Undetermined 

PR-Id — Uridylic acid 

The chromatogramg were sprayed with aniline hydrogen 

phthalate after the removal of spots PR-la, PR-lb, PR-lc, and 

PR-Id. Spots reacting with the spray to give .a reddish color 

(indicative of pentose) were observed at Rf 0.08 in Solvent No. 1 

and Rf O.Ii8 in Solvent'No. 3. 

2. Protein Hydroly3ate 

The protein hydrolysates were chromatographed in two dimen

sions in Solvent Nos. 1 and 2. Radioautographs were made. Six 

radioactive spots were observed on the radioautographs, two of 

which gave a positive reaction with ninhydrin and four gave a nega

tive reaction with ninhydrin. None of the Rf values for these com

pounds could be matched"with the Rf values of known amino acids. 

The Rf data far these compounds are found in Table II of the Appen

dix. 

E. RADIOACTIVITY IN THE. RNA AND DNA OP EMBRIOS 

The radioactivity located in the embryos (Table 6) and the 

distribution of radioactivity in the nucleic acid fractions of the 

embryps (Table 7) was determined. The nucleic acids in the frac

tion precipitated with ethanol each showed an absorption maximum 

at 25>8 or 260 myut. The specific activity for this fraction is also 

given in Table 7. 

The ethanol soluble fractions of the nucleic acid extracts 
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had absorption maxima at 258 or 260 m /u. after being desalted. 

Since these fractions contained a large amount of activity and 

since they were not precipitated by ethanol, they were subjected 

to chromatography in Solvent No. 3. The chromatograms of this 

extract from each embryo pool showed ultraviolet absorbing spots 

indicative of adenine and guanine. These spots were cut from the 

chromatograms and radioactivity measured. No measurable radio

activity was present in these compounds. The chromatograms were 

sprayed with aniline hydrogen phthalate and resulted in a reddish 

spot at Rf 0.66, the location of ribose. VJhen these spots were 

cut from the chromatograms and activity measured, a small but 

significant'amount of radioactivity was discovered. 



Table 6. Radioactivity in Embryos 

Isotope Total Carbon 
Pool c. p.m./embryo 

Uniform 66,i|.00 
Normal 

Uniform .. k9,000 
Sucrose-P.G. 

Uniform 50,800 
Infected 

l * U3,ioo 
Normal 

1 1*8,200 
Sucrose-P.G.-

1(3U & 39) 35,000 
Infected 

1(35 & hi) i|6,600 
Infected 

6 56,800 
Normal 

6 51i,8oo 
Sucrose-P.G. 

6 19,100. 
Infected 
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Table 7. Radioactivity in Embryo Nucleic Acids 

Act. in ETOH Act. in ETOH 
Isotope soluble ext. ppt. fract. 
Pool cpm/embryo cpm/embryo cpny'iTig N.A. 

Uniform lit, 000 7,600 6,900 
Normal 

Uniform • 10,200 5,600 5,100 
Sucrose-P.G. 

Uniform 12,600 14,800 8,000 
Infected 

1 10,1*00' it, 000 9,100 
Normal 

1 15,800 14,600 5,500 
Sucrose-P.G. 

1(3U & 39) 8,200 1,000 6,250 
Infected 

1(35 & Ul) 11,200 1,700 1,250 
Infected 

6 io,Uoo . 3,900 . 7,200 
Normal 

6 io,Uoo 14,000 9,500 
Sucrose-P.G. 

6 . 10;,200 1,600 - 5,350 
Infected 



DISCUSSION 

The mechanism of ,the utilization of a given carbohydrate 

is commonly elucidated by one or both of two basic approaches 

(Wang, 1962). These are (a) the conversion of specifically labeled 

carbohydrate into catabolic products in the presence or absence of 

inhibitors and the isotopic distribution patterns and relative 

specific activity in such catabolic products, and (b) the examina

tion of respiratory carbon dioxide-Ĉ  samples derived from speci

fically labeled carbon atoms of a given carbohydrate with respect 

to either the specific activities or yields. Thus, the preferen

tial oxidation of C-l of glucose to carbon dioxide over that of 

C-6 has often been cited as evidence for the operation of the 

hexose monophosphate (HMP) pathway (Cheldelin, 196l). 

This research utilized to a degree the former technique 

and likewise emphasized the latter approach to the problem being 

studied. It has been shown that at least two of the known cata

bolic pathways for the metabolism of glucose are involved in the 

developing chick.' These are the Emden-Myerhoff-Parnas (EMP) or 

glycolytic pathway (Stumpf, 19b7) and the HMP pathway (Bernstein, 

1953). Figure lit diagrams the relationship that exists between 

these two'pathways. It is readily seen from an examination of 

these relationships that the collection and assay of the carbon 

dioxide-C1̂  from respiring embryos should yield a clue to the 

participation of these pathways in the metabolism of glucose. 

80 " 
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figure 1U. A diagram illustrating the relationship 

of the Emden-Myerhoff-Parnes pathway to 

the Hexose Monophosphate pathway in the 

metabolism of,glucose. 
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However, caution must be exercised when carbon 'dioxide-Ĉ  data 

from experiments employing specifically labeled glucose are used 

to estimate the relative participation of concurrent metabolic 

pathways. This method, used extensively by Cheldelin and his 

co-workers (Cheldelin, l?6lj Wang et al., 1956; and Wang et al., 

1958), has been critically examined by Wood and Katz (1958) and 

more recently by Katz and Wood (i960). They point out the effect 

of recycling in the HMP pathway on the yields of radioactive car

bon dioxide from glucose-l-Ĉ  and glucose-6-Ĉ  as influenced by 

metabolism via the EMP pathway, the pentose cycle, and the 

utilization of the glucoae-6-Ĉ  in other pathways. In addition 

to these criticisms of the method as a means of evaluating the 

relative participation of various metabolic pathways, the technique 

employed by Cheldelin (1961) assumed that the amount of carbon 

going into synthetic pathways was very small, a condition which 

does not exist in the developing chick embryo. Nevertheless, when 

the output of radioactive carbon dioxide from a system metabolizing 

differentially labeled glucose is altered from the normal pattern 

by infection or some other mechanism, the results have significance. 

Wang (1962) used this technique to study the radiorespirometric 

patterns for the assimilation of glucose by intact cockroaches and 

also cockroaches treated with DDT. He found that the combustion 

of the labeled glucose occurred much faster in the DDT treated 

cockroaches and'that there was a definite indication that the 

operation of the HMP pathway had been preferentially stimulated. 

In the present study an alteration in the metabolic 



patterns of the normal host may be seen when embryonated eggs 

metabolizing glucose-l-Care infected with R. typhi and when they 

are injected with Sucrose-P.G. The data given in Figures 7, 8, and 

9 is reflected in the graph of the ratio of respiratory radioactive 

carbon dioxide from normal eggs, eggs injected with Sucrose-P.G., 

and eggs infected with R. typhi (Figure 10). An inspection of the 

graph reveals that infection results in a sudden rise above the 

normal in the ratio of respiratory carbon dioxide from glucose- * 

1-qI  ̂and glucose-6-C-1-̂ . This is accompanied by a like decrease 

below the normal in the ratio from eggs injected with the buffered 

carrying medium for the rickettsiae. It is evident that the eggs 

injected with Sucrose-P.G. serve as a better control for the 

effect of infection on the host metabolism than the noti-injected 

eggs. Thus, the elevation in the 1:6 carbon dioxide ratio is even 

more significant in light of the depression of the ratio by the 

sucrose carrying medium. This elevation of the 1:6 ratio of radio

activity in respiratory carbon dioxide is an indication that the 

parasitism forces the embryo, as a whole, to utilize the HMP 

pathway to a greater extent. 

The evidence for greater participation of the HMP pathway 

in infected eggs is made stronger by an analysis of the cumulative 

radioactive carbon dioxide data (Figures 7, 8, and 9). It is evi

dent that there is little difference in the radioactive carbon 

dioxide output from normal eggs,, eggs injected with Sucrose-P.G., 

and infected eggs when glucose-U-C-̂  and glucose-6-Ĉ  are used 

as substrates. In contrast to this, when glucose-l-C-̂  is used 



a3 a substrate, the infected eggs release a significantly greater 

amount of radioactive carbon dioxide than the non-injected eggs 

and eggs injected with Sucrose-P.G. release a smaller amount of 

radioactivity as carbon dioxide. If the HMP pathway is used to 

a larger extent in infected than in novinfected eggs, the effect 

on respiratory carbon dioxide would be of a greater magnitude 

when glucose-l-C1̂  is used as a substrate. This situation is 

apparent in the graphs of the cumulative radioactive carbon 

dioxide. 

The depression of the slope of the curve in eggs injected 

with Sucrose-P.G. when glucose-l-C1̂  is used as a substrate may be 

attributed to isotopic dilution of the radioactivity with the 

sucrose carrying medium. This can be observed in the graphs of 

the specific activity of the respiratory carbon dioxide. As in 

the graphs of the cumulative radioactive carbon dioxide, the 

graphs of the specific activity (RLgures 11, 12, and 13) show no 

great differences when glucose-U-C1̂  and glucose-6-C-̂  are used -as 

substrates. The slope of the curve in carbon dioxide specific 

activity is only slightly depressed when eggs are injected with the 

sucrose carrying medium. In contrast, the slope of the curve in 

the eggs injected with Sucrose-P.G. when glucose-l-Ĉ  is used as 

a substrate is depressed to a significantly greater degree. This 

is the expected effect if the HMP pathway is involved .to any 

great extent. In the HMP pathway the carbon in the number one 

position is lost early as carbon dioxide, while in the EMP path

way and tricarboxylic acid (TCA) cycles carbons in the number one 
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and six positions are lost as carbon dioxide only after continued 

recycling of the TCA cycle. It can also be seen in Figure H* that 

the fate of carbons one and six from glucose is often that of 

synthesis. Therefore, the effect of isotopic dilution on respired 

- radioactive carbon dioxide would be significantly greater when 

glucose-l-C1̂  was used as a substrate. 

•The percentage distribution of total radioactivity among 

the various parts of the egg i3 similar for eggs utilizing glu-

cose-U-C1̂  and glucose-6-C1̂  as substrates (Tables 1 and 2). The 

elevated radioactive carbon dioxide output of the infected eggs 

inoculated with glucose-l-C1̂  is again reflected in Table 3. The 

yolk sacs of the infected eggs showed a significant reduction in 

radioactivity when compared with either normal eggs or eggs injected 

with Sucrose-P.G. This could be interpreted as the result of a 

demand on the cells of the yolk sac of an infected embryo for meta

bolic intermediates required by .the parasite. However, the lack 

of a higher degree of radioactivity in the purified rickettsiae 

would not substantiate this explanation. Another explanation for 

this condition can be found in the evidence that the HMP pathway 

is utilized to a greater degree in the infected eggs. Thus, in 

the infected egg, less of the radioactivity proceeds via the EMP 

pathway to the TCA cycle and the compounds related to it. This 

would result in a lesser degree of radioactivity in the yolk sac. 

r The radioactivity present in the lipid fraction of the yolk 

sac is further evidence that there is a shift in pathway utili

zation during infection. The data shows that there is a 
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significant reduction in radioactivity in intermediates that are 

destined to appear in lipid (Table U). There is an indication that 

in the infected eggs some pathway other than EMP .̂Acetyl-

CoA L̂ipid is favored. This is particularly evident in 

eggs utilizing glucose-l-Ĉ  as a substrate. The same observations 

may be made for radioactivity appearing in the protein hydrolysates 

and in the water soluble extracts of the yolk sacs. 

. Evidence that both the HMP and the EMP pathways participate 

in the metabolism of normal developing eggs is found in the pre

sence of radioactivity in adenylic acid, glutamic acid, and in at 

least one of the TCA intermediates. Adenylic acid would normally 

gain its radioactivity under these conditions from ribose. Activ

ity would be expected in the ribose from all of the isotopic labels 

used because of the effect of recycling. It is significant that 

radioactivity in these compounds was lacking in the eggs infected 

with R. typhi. The interpretation can be made that there is a 

drain by the parasite on the yolk sac for some precursors of 

required metabolites. However, as has already been pointed out, 

the lack of the TCA intermediates under these conditions is pro

bably caused at least in part, by the utilization of the HMP path

way in preference to the EMP pathway. 

The interpretation that R. typhi infection results in a 

drain of some required metabolite from the host cell is substan

tiated in the finding of a ribose-containing compound intrinsic 

to the rickettsiae. This compound, while not conclusively 

identified as HNA, nevertheless was composed of the main components 
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<?f RNA. This radioactive compound was present in the water 

soluble extract of the rickettsiae, a fact that is well correlated 

with the observations of Cohn et al. (1958) who found that RNA 

was lost from the rickettsiae of murine typhus accompanying inacti 

vation. Such a small amount of activity was present in this com

pound that the isotopic distribution within the molecule could not 

be determined. Nevertheless, the presence of the majority of 

isotopic labeling in such a compound is concrete evidence of the 

utilization of radioactive precursors derived from the HMP path

way. Thus, additional evidence for the increased utilization of 

this pathway is indicated. 

An inspection of the activity present in the embryos 

reveals only small differences in the quantity of radioactivity 

present in embryos from normal eggs, eggs injected with 

Sucrose-P.G., and infected eggs (Table 6). There is an indica

tion that the embryo is able to draw required nutrients from the 

yolk sac membrane regardless of the competition from other systems 

a phenomenon not uncommon in higher forms of life. 

The activity present in the nucleic acid fractions of the 

embryos is shown in Table 7. It is apparent that in the fractions 

precipitated by ethanol there is a difference in activity present 

in embryos from non-injected eggs, eggs Injected with Sucrose-P.G. 

and infected eggs. It can also be seen that'the specific activity 

from these fractions does not vary significantly airiong the 

series. These results indicate that the nucleic acid fraction of 

the embryos arising from labeled compounds from infected eggs is 

reduced. 



SUMMARY 

The effect of the obligate parasite, Rickettsia typhi, on 

the metabolism of glucose by the developing chick embryo has been 

studied. 

The respiratory carbon dioxide was collected with the aid 

of an interval carbon dioxide collection device which is described 

in detail. A comparison of radioactive respiratory carbon dioxide 

from normal eggs, eggs injected with Sucrose-P.G..(a suspending 

medium for rickettsiae), and eggs infected with R. typhi in Sucrose-

P.G. was made utilizing glucose-U-C1̂ , glucose-1-C1̂ , and glu-

cose-6-Ĉ  as substrates. No significant differences were observed 

in the radioactive carbon dioxide from normal eggs, eggs injected 

with Sucrose-P.G., and infected eggs with glucose-U-C-1-̂  or glu-

cose-6-C1̂ . When glucose-l-Ĉ  was used as a substrate, the radio

active carbon dioxide from infected eggs showed a significant 

increase over that from normal eggs. The radioactive carbon dioxide 

from eggs injected with Sucrose-P.G. showed a significant decrease 

when compared with the radioactive carbon dioxide from normal eggs. 

The glucose-l-Ĉ rglucosê -C1̂  ratio of radioactivity in 

daily respiratory carbon dioxide has been determined. Upon injec

tion of Sucrose-P.G. the ratio fell below that of normal.eggs in 

a steadily declining pattern. When the eggs were infecjbed with 

R. typhi the ratio rose to a peak value of I.37 and maintained a 

high value. 

89 
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The specific activity of the respiratory carbon dioxide was 

also determined. No significant differences were obtained when 

glucose-U-C1̂  and glucose-6-C"1-̂  were used as substrates. When 

glucose-l-C1̂  wag used, the slope of the curve was approximately 

the same for normal eggs and infected eggs. The slope of the curve 

obtained when eggs were injected with Sucrose-P.G. was signifi

cantly lower than that obtained with normal and infected eggs. 

The distribution of radioactivity throughout the various 

parts of the egg was determined by the total carbon combustion 

technique. The major portion of the radioactivity resided in the 

yolk and the respiratory carbon dioxide. The rickettsiae contained 

a very small percentage of radioactivity. The percentages of 

radioactivity residing in the embryos, the chorioallantoic mem

branes, the yolk sacs, and the purified rickettsiae were of the 

same magnitude for all three isotopic glucose substrates. The 

yolk sacs of infected eggs showed only about 1/3 of the radio

activity found in yolk sacs of normal eggs and eggs injected with 

Sucrose-P.G. The percentage of radioactivity in respired carbon 

dioxide was significantly higher in infected eggs than that from 

normal eggs when glucose-l-C"̂  was used as a substrate. Conversely, 

the percentage of radioactivity in respired carbon dioxide was 

significantly lower in eggs injected with Sucrose-P.G. than that 

from normal eggs. 

The major part of the radioactivity retained by the yolk 

resided in glucose. There were, however, other radioactive com

pounds present in the yolk which were unidentified. 
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The yolk sacs of the normal eggs and eggs injected with 

Sucrose-P.G. contained four radioactive compounds. Three of these 

were identified as glutamic acid or a closely related compound, 

adenylic acid, and either succinic acid or -ketoglutaric acid. 

The fourth compound was unidentified. None of these compounds 

were found in the yolk sacs from infected eggs. 

The radioactivity present in the rickettsiae was concen

trated in one compound, PR-1. This compound upon hydrolysis gave 

adenine, guanine, uridylic acid, ribose, and a fifth compound 

which was unidentified. Compound PR-1 gave Rf values correspond

ing to those attained with RNA. The absorption spectrum was not 

typical of RNA and the coirpound could not be absolutely identified 

as RNA. 

The radioactivity present in the embryos showed no signifi

cant variation ataong the series. The radioactivity present in 

the nucleic acid fractions of infected eggs is less than that from 

normal eggs and eggs injected with Sucrose-P.G. The specific 

activity for these fractions show no significant differences indi

cating that the over-all nucleic acid fraction of the embryos of 

infected eggs is reduced. 

The results of these experiments indicate that infection 

with R. typhi brings forth an alteration in the utilization of 

metabolic pathways by the embryonate egg. The evidence presented 

strongly indicates a greater utilization of the HMP pathway in 

infected eggs. This is evidenced by the presence of an RNA-like 

substance in the rickettsiae which contains the major part of the 

radioactivity present. 
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Table I. Unidentified radioactive compounds present in the hot 

ethanol soluble fraction of the yolk of eggs injected 

with glucose-U-Ĉ  

No. Yolk Rf(x 102) Rf(x 102) Acid-
Pool Solvent 1 Solvent 2 Base 

Y-l Normal 3k 26 Neg. 

Y-2 Normal 68 8U Neg. 

Y-3 Sucroae-P.G. ' U2 7 Neg. 

Y-h Sucrose-P.O. 7h dh Acid 

Y-5 Infected 9. 9 . ' Neg. 

Y-6 Infected 20 15 Neg. 

Y-7 Infected 39 68 Neg. 

Y-8 ' Infected 50 75 Neg. 
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Table II. Unidentified radioactive compounds present in the 

protein hydrolysate of purified rickettsiae 

No* Isotope 
Pool 

Rf (x 102) Rf(x 102) 
Solvent 1 Solvent 2 

Ninhydrin 
Reaction 

PR-2 Uniform 

PR-3 6 

PR-U l (3U & 39) 

PR-5 1 (3li & 39) 

PR-6 1 (35 & ill) 

PR-7 1 (35 & hi) 

35 

81; 

16 

63 

20 

36 

68 

29 

30 

16 

3k 

66 

None 

None 

Purp le -vi o le t 

None 

Purple-violet 

None 
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