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ABSTRACT

In this study aceta’ce~U-C14 and ribose—1~C14 were employed

to determine the effects of infection with Rickettsiae typhi upon the

metabolism of the embryonated chicken egg.

Respired carbon dioxide was assayed for radioactivity content
and egg and rickettsial fractions were extracted and treated in such a
manner as. to isolate and identify radioactive compounds. in these
-fractions.

In the acetate study it was found that infection with R, typhi '
apparently forces the egg to utilize this substrate for lipid synthesis
which is recycled through the tricarboxylic acid cycle along with
acetate metabolized directly by this means.

- In the studies employing ribose as a substrz;ce it was found
that the rickettsiae did not incorporate this compound into nucleic

acids. It has been hypothesized that the chicken embryos utilize the

pentose pathway in. the metabolism of this. carbohydrate.



INTRODUCTION

- The study of the metabolism of the rickeitsiae has been a long,
slow process. Contributions made since World War I have made
possible inter_lsi{/*e studies into the mechanisms and relationships of
host=parasite metabolism.,

The importance of a few significant discoveries cannot be under-
estimated. They include the demonstration by Cox (1938;"1941) that the
yolk sac of the intact, developing chick embryo can be successfully
employed for the propagation of rickettsiae, The relatively recent
introduction of celluiose anion exchange columns by Hoyer, et al.
(1958) and the cation exchange resin by Hara et al. (1958) for the re-
covery of ﬁighly purified rickettsiae has made the extraction of the
c:eliular components of these orgaﬁisms possible,

Another valuable contribg.;cion by Bovarmnick, Miller and Snyder
(1950) was »'the introduction of sucrose-potassium-=-glutamate bfoth for
the satisfactory storége of ricketisiae,

In vitro metabolic studies have been carried out on a wide scale
since the early 1950's, and many rickettsial metabolites and enzyme
systems have been identified.

Bovarnick and Snyder (1949) demonstrated oxygen up~take by

suspensions of living epidemic and murine typhus rickettsiae in the

1



preserlce of glutame,tes iesring»' the giroimd work ,f;orz subse,qt:terlt studies ..
of metabolic aotivftiesofzricke_ttsiaeo Bovarnickl_’ei,,_a}-_la.. ’(1950):show,ed

the presence of 'riciiettsisl glu'tathic tra.hsaminase : and on the bsLsis of
these Studles they suggested that I"JLC:thtSlal ox1dat10n of glutama’te

. .

proceeded through the citrm a01d cyole,
. P ;
Wlssemang et al (1952) demonstrated tha,t glutamlc omdatlo'n

was a:ffected by enzyme 1'nh'1b1tors b_ut not by rlcketts:ta;_l mh:tb_t_tors,f
Wissemarl et al,, (195é> hypothesized. an initial.odgidati‘ve; deatnina.tion
to form a,lpha keto glutatmc a,old whtch ‘would then proceed through all
of the steps of the conventlonal Krebs cyole | o

' Bovarn-iek and Allen ')(1.9532» Gilford and Price (1955) and éosen—
]derg and Bovarrﬁclg (.51,95547) demo:nstratedthat diphosphopslrridine. » |
'nucleotide,'(NAD) a:nd coetlzytrte A .(CQA) were essential to the metatbo:lic‘
integritgr of riekettsiéle,‘ |

Bovarnick g1956$ dernonStre,ted that typhus ‘riek‘ettisiae'utilize

p.hosphatte to fornt 'ade'nosine triptlosphate from ddenosine—. diphospha‘,te '
durlng the oxidation of glutamate and that the process is enhanced by
the addltlon of the co~ factorsy NAD and CoA. Bovarnick and Allen
(1957), demonstrated the progresswe loss of adenosme trtphosphate
during stdr‘vatlon of rtckettsweo | |
3 I—I:op'ps‘, _é_t_ gl :('1956). 'demonstrated th:dt R. r'ic:kettsiaf oontairiled '
arl'intrilnsic giutamicfaspdrti_c trlétnsarﬁinaseg and Hayes, et _E:_l_]; , (1957)

demonstrated electron transport by a flavin-enzyme=~iron~cytochrome



system in the same organism.

Paretsky et al., (1958) reported that R. burnetii possessed an
ADP-dehydrogenase, ‘and could synthesize citrate from acetate or
acetyl phosphate in the presence of oxalacetate., Hahn, et al., (1959)
demonstrated the ability of R. rickettsia to deaminate glﬁtamine to
Aglu.ta,.mic acid and likewise 9 asparagine to aspartic acid,

It must be noted that these in vitro studies are not necessarily
analogous to the reactions of rickettsiae in vivo, and until the work
of Beakley (1962) and Swack {1965), the in vivo metabolism of these
organisms had not been studied.

Beakley reported that infection of embryonated eggs with R.
typhi brought forth an alteration of the metabolic pathways of the egg,
causing a greater utilization of the hexose-monophosphate pathway.
This was shown by the fact that most of the label from glumosé—(s@c‘14
introduced into the yolk sac of infected eggs was recdvéred in an RNA-
like substance is'olated from the rickettsia, and that there was a signi-
ficant rise in the ratio of label recovered from glucose-—1==C'14 carbon
dioxide over that of th.é gluc:ose=6wcl4,

Swack demonstrated that infection with R. typhi causes the
metabolism of embryonated chicken eggs to shift foward increased
Syntheéis of nucleic acid. He proved this by demonstrating that the

ribonucleic acid labeled with carbon-14 and phosphorus-32 extracted

from infected tissue had a specific activity significantly higher than
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uninfected controls. The same was reported for purine and pyrimidine

bases resolved from the ribonucleic acid and deoxy-ribonucleic acid.



5
The purpose of this research project is to expand the knowledge
of in vivo metabolic relationships between host (the egg) and parasité
(R. typhi) utilizing the following procedures.
L. In the case of sodium aceta,temU-—CMstudiesa
A, Determination of carbon dioxide release from
infected and non-infected eggs in an attempt to
correla{e the over-all effect of infection on meta=
bolism.
B, The distribution of the total radioactivity .W'ithin the
egg.
C. The iabeli.ng of rickettsiae and rickettsial fractions,
including distribution within the various fractions.
II. In the case of ribose—l=C14 studies.
A, Determination of rickettsial uptake of the label and

distribution of the label within the rickettsial fractions.



MATERIALS AND METHODS

)

~ The Host

Fertile hens' eggs from the UniverSity of AlJ:rizonga,_ white leghorn
flocks were emplqyed exclu_sivélyg Because of ;possiblé antirickettsial
activity, only eggs from; chickens fed antibiotic free-' feed were used.
The egg's were collected and stored a;tv 4 C.‘for no more than thi.*e_e days"
before incubation. All éggs used in criticé,l anaiytica]. procedures were
We'ighed in an a‘tte‘m.p‘lc to éb‘ta,in a certain degree of Unifor;mity;

Carbon diéXide, collection eiperiinents were é_arr:iéd oﬁt ih a
Walki—fin :‘mcuba,fcpr'heid= af37 C E:Xpe.riments for purification, iéolatior;
and analysis of ir:i}ck'}e%t:siae_‘.notl iﬁcluding CO. data were carried éut in |

2

a Humidaire egg incubator '(Humi.daire Incubator Co., 217 West Main
Street, New Madison, Ohio) at 36 C and 70% relative hu:tfiidity, :
In the radioactivity 'experirhent_s the egg inoculations were

handled as follows: for the CO :c_ollecting run, using sodium acetate-

2
'UjC143. the..q'g:gs were alloﬁred to 'iﬁ(ﬁubate four days, they vs;‘e,ré thent
candled, and infer,til;a e.ggé were discarded.- At this tirﬁe aﬁll fer-tilé
eggs were injected W-:‘ultﬂ thev raciid.a,;ctiversubstrate (descri5e§ elsewhere)
on the fourth day. After six days of incubation, fertile eggé were

ihocula;ted as follows: One g‘rdu’p :Was_ inoculated with 0,2 ml each of

rickettsial suspension, a second with 0.2 ml each of sterile sucrose--

/

v

e



potassium glutamate (sucfose=Pc G.) suspending médium (Bovaf’nicks
Miller and Snyder, 1950), and a third group was only punctured with.

a stefile needle to compensate for traumatic shock of injection, this
group was used as the uﬁiform control, All inoculations were made
through the air sac with sterile 21 gauge, one and one half inch nee,dies;,
directly into the yolk of the egg. |

For the experiment utilizing ribose=1=Cl43 all inoculations
- were made on the sixth dayvof-incubation utilizing only radioactive
substrate and rickettsial suspension in the manner described above.

Before the isotope experiments were conducted, foxicity tests
were performed with unlabeled sodium acetate and ribose to deter-
mine any possible toxic effects of the substrate, in both cases none
were detected,

All infected eggs that died before the fourth day after infection
were discarded, the eggs that survived until the sixth day after
infection were treated as follows:

1) Sodium ace’u:a'te-==U'-C]‘4 experiments.

a) Embryo - washed thrée times in sucrose= P,.G.,
frozen, and stored é’c -20C,

b) Yolk sac - washed three times in sucrose-P.G., and
either frozen or subjected to a purification procedure

described elsewhere,

<



c) Embryonic membrane - washed three times in
sucrose-P.G. , fro-zen, and stored at -20 C,

d) Chorioallantoic‘ membrane - washed three times in
sucrose~P. G. frozen, and stored at -20 C.

e) Yolk - COnsis"ting of all remaining egg madterial plus
the Washings of other fractions, This material was
frozen,and stored at -20 C.

- 2) Ribose=1-Cl4 experiments.,

a) The yolk sac was washed once in sucrose-P.G, and

subjected to purification procedures (described

elsewhere), all other egg fractions were discarded.

The Parasite
1) Preparation of the parasite.

A frozen suspension of Rickettsia typhi; Wilmington strain, was

obtained from the stock qulture collection of the Department of Micro-
bbiology, University of Arizona, This strain was originally obtainéd
from The Department of Rickettsial Diseases, Walter Reed Army
Institute of Research, Washington, D, C.

The rickettsial suspension was rapidly thawed, diluted to 20%
with sucrose- P. G‘ , and 0,2 ml was injected into each of fifty eggs.
The fyolk sacs were harvested and the large pool of infected material

was homogenized in a '"dispersal Waring blender to.make a 20%



suspension of yolk éac -in-'iéu,grosew%?', G, The préparat:i:éh was __dis:
p:enjs'ed 'asep'tic;a,lly i@ 12 x 100 mm screw capped tubes aﬁci ;ghélkf%t‘bzeh
in -60 C. acetone é,nd étgred at 60 C, A tube of this Suséens;io':n' v}as
rapid‘ly thawed in warm W,atér and diluted with sucroée‘-lf?.f G. to a '10'%
suspension. Twoftenths fn],;of this preparation Was used as the |
standard inoculuﬁl in a,il exgerimenfts, J

2) Purification of the parasite.

A modiﬁcéﬁon of the method of purificé.tién exﬁployed by‘ |
Yamai:notq et al, s (1958) aﬁd Hara (1958) was ﬁ%ilizéd to sepafafe:tﬁe'
rickettsiae from the yolk sac,

a) ':Preparation of the ion exchange resin.

Four grams éf the ion exchange resin, amberlite XE’= 64 (Rohm
and Haas Co., Philadelphiia 5, Pennsylvania) vs')aS;nixed*ﬁithii%'O ml of:

. 1 N NaOH, stirred thoroughlj and centrifuged at 1',; Q’OOI:c"’,,;p,m‘, for:5'
minutes,  The sediment was mixed with 1.2% KCI, vsti‘rfred,‘aﬁd ;c:e‘nf:‘riﬂ L
fuged at 1,060 reP.mm. for 5 minutes. The sedimeﬂ{c was again mixed '
with 1.2% KCL, stirred, and centrifuged for 30 minutes, The siédimfeﬁt'
was mixed with 10 volumes of sucrose-P.G. and stored at 4 C.
b) Purification précedure, |

Infected yolk sacs were harvested, washed three times in
su_crose-Tf, G. and :blended with sicrose-P. G, for 60 seconds in 10
second iliqérémen’cs in the Waring 'blender, This suspension was cent-

rifuged at 11, 000 r. p.m. for one hour, The sédiment was mixed in
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10 ml amberlite XE - 64 suspension, and centrifuged at 1,000 r.p. m.
for 30 minutes, This step was repeated if the supernatant was cloudy.
The supernatant was then centrifuged at 11, 000 r.p.m. for 1 hour and
the pellet was shell frozen and stored at ~66 C.

3) Verification of purity and activity of rickettsial suspensions.

a) Two methods of verifying rickettsial purity were

used and are as follows:

. 1) Guinea pig inoculations

Two rxiale guinea pigs were inoculated
with 0,2 ml each of the rickettsial suspension
and fever charts prepared for each animal.
The response was typical of that expected for
murine typhus. The temperature reached a
peak on the sixth to seventh day accompanied
by extreme scrotal swelling., At this time the
spleen and tunica vaginalis were removed
aseptically, assayed. for rickettsiae and stored
at -60 C.

2) Machiavello's stain

All experiments utilizing rickettsiae were
checked for the presence of the organism and
absence of contaminants by utilizing the Machia-

vello stain (Grey, 1954), In all cases,
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micrds(copié - examination revealed large pum- -
bers of rickettsiae, and in the case of guihea
pig tissues, Mooser bodies and intra-~cytoplasmic
rickettsiae were observed.

b) To check for activity of the rickettsial suspension and
determirie the most effective titef to utilize for begg
infection, titrations (iDBO) were performed on six day
old embryonated eggs utilizing the Reed and Muench
(1938) méthod._, It was found that yolk sac homogenate

diluted to a 10~20% suspension with sucrose-P, G,

was most effective in terms of infectivity and yield.

Radibagtive Substrates

Substrates utilized in this study were sodium acetate labelled
ﬁniformly with carbon - 14 and D ~ ribose labelled with carbon - 14 at
the number one position, both of which were obtair;éd from Nuclear
Chicago Corporation, Chicago 10, Illingis,, Eﬁach' substrate was dis-
solved in a fninimum amount of distilled water, sterilized by filtration,
aliquoted aseptically into sterile screw—:-capped tubes, and frozen until
utilized,

The sodium ace’cate-U~Cl4 had é specific activity of 34 milli -
curies per millimole (manufacturerts data), and was shown to have the

following radiochemaical purity:
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1) By dilution analysis as silver acetate = 96%
2) By paper- chromatography in

97%
7%

a) ethanol: ammonia:water
b) n - butanol: ethanol: 3N ammonia

HA A

“The sodium acetater-=U'“'=Cl4 was supplied freeze-dried and
sealed under nitrogen.
- The Dmribosewlwcw had a specific activity of 26.8 millicuries

per millimole (manufacturer's data), and was designated CFA, Batch. 2.

Analytical Procedures

1) Determination of radioactive. isotope.
Radioactive determinations were made in a - Packard Tri-Carb
Liquid Scintillation .Spectro‘meter’s Series 314 E, Packard Instrument
Company Inc., La -Grange, Illinois. All samp'les were counted for 10
minutes and no counts were accepted unless the values were at least
twice that of background,
Radioactive carbon dioxide was collected from individual eggs -
-in. the ethanolamine collecting medium of Jeffay and Alvarez (1961).
Samples of various egg fractions, homogenates, etc., were
. pipetted directly into the liquid scintillation mixture of Bray (1960),
In the total carbon studies in which egg fractions were broken
down with hyamine, an aliquot of the hydrolysate was pipetted into
Liqufluor liquid scintillatiori mixture, - Hyamine was obtainecbl‘from

Packard Instrument Company Inc., La Grange, Illinois, and Liqufluor
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wasg obtained from Nuclear Chicago Ciorporatio{n,- Chicago 10, Illinois.

All samples in this study were corrected for color and che:rﬁicf_al
quenching using the method of Kinnory et ﬂ , (1958),

2). Collection of carbon dioxide.

The carbon dioxide collecting device .developed by Beakley (1962)
was utilized in these studies,

The device consists of twenty four separate egg chambers
attached to a manifold. Air from a pump is passed through a 20% KOH
carbon dioxide trap, into the manifold, solenoid valveé allow the air
flow to pass through two egg chambers for 10 minute perziods’ 'therebj ‘
flushing all 24 chambers in a continuous cycle. The carbon dioxide
laden air from the egg chambers is collected in individual collection
tubes containing 15 ml of ethanél amine solution.

3) Extraction procedures.,

a) Extraction of total radioactivity from egg fractions. 7

Two methods were employed to recover the radioactivity from

~ the egg fractionég they are the total carbon method (mddified) of Van
Slyke and Folch (1940), and a simple digestion utilizing hydroxide of
hyamine 10-X after the method of Herberg (1960).

Upon analysis of the data obtained from both methods it was
found that the latter x;aethod was by far more efficient, probably due to
the fact that the sodium ace'té;te is highly volatile .and wasl lost d,u;ring

| the heating of the combustion process and coild not be recovered in the



14 .
collecting medium employed,

The digestion with hydroxide of hyamine 10-X Was carried out
by adding 1 ml of hyamine to 0.1 ml of the egg fraction to be analyzed
and iﬁcuba‘ted in the dafk at room temperature for 18 hours. The
digestions were allowed to proceed in the scintillation vials into Which
the scintillation counting medium was added directly upon completion
of the process.,

b) Lipid extraction of infected and uninfected yolk Sa-c.,v

Twelve ml of the yolk sac material to be analyzed was added to
100 ml of ethanol: ether (3:1) solution and magnetically stirred in
loosely sealed flasks at 28 C for 18 hours. The cell debris was
centrifuged 1 hour at 11,000 r.p. m,, the superﬁatant'd@canted and the
sediment extracted with 10 ml ethanol:ether (3;1) at 70 C for 3 minut@sg
and centrifuged as above. The latter extraction was repeated until the |
supernatant appeared éleara. Th.é supernatants were combined and
stored at 0 C until needed for radioactivity analysis,

“ c) Extraction of purified rickettsiae.

In both the acetate-U=-C14 and ribose=~1-Cl4 experiments, the
purified ri_ckettsial suspensions were divid‘ed'into three equal parts and
treated according to the extraction procedure outlined in Figure 1, and
described below,

1) One~third of the rickettsial suspension Wa,s treated by a

modification of the method of Ogur et al,, (1952),

o

The suspension was



Figure 1. Flow=diagrams for the exiraction of purified rickettsiae.
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Sediment Supernatant
Purified rickettsiae
Cold ethanol
treatment
Centrifuge
| ""Ethanol soluble"
Boiling (Amino acids and some)
ethanol-ether lipid
Centrifuge "Ethanol-ether"
(Lipid and phospholipid)
Cold
0.1 N HCI1O 4
Centrifuge "0.1 N HC1O,"
(Soluble Nucleoﬁdes)
Cold
1 N HCIO
4
Centrifuge "IN HC104"
(RNA)
Hot
1 N HC10
4
Centrifuge "Hot 1 N HCIO 4"
(DNA)
Formamide
""Cell debris'

Purified rickettsiae

l

Cold HZO

Centrifuged

|

"H_O soluble"

Hot ethanol-acetic acid

Centrifuge

(HZO soluble constituents)

"Ethanol-acetic acid"

Formamide

(Soluble amino acids)

"Cell debris"
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r.api;dly thawed and sﬁspendeld in 1 ml of 7070 ‘ethanol ;t 4 C for 5 minutes.
This was rc'entfifuged;at 11, 000. r.p.m, for 1 hour'at 4 C and fhe tétéll' '
process repeated 3 tim’e_s} | 'The supérnatant _from this extraction was
designated the é,lcohol soluble fré;_ction and stored at =60 C. |

The sediment from the precee‘ding step was extracted by resus.;-
pending in 0.1 N I—ICl(_)4 and 70% éthanol (1:1) for 5 minutes at 4 C and
centrifuging 'at': 11,000 roéomo for.vl hour, The supernatant was com-=-
bined with fhai of the previous steiof,

The sediment ﬁas extracted in ethanol-ethylether (3:1) for. 3
minutes at 70 C, and'cent"rifuged as before, this extraction was
repea‘.ted.a timeis . The resﬁlting ‘supernatant was designated the
alc.ohol-ethez:c" soiuble fraction an‘d s'tored as before, | |

The sediment was treated with 0. 41N HClO 6 at 4 C, centrifugedand

4
the super_nataﬁt stor‘ed},vgs above.

The sediment from the above was tregted with-1N HCIO, at 4 C
for 18 hours and centrifuged as ‘above and the supernatant storeda

The sediment_ Was treated with lN HClO 4 at 70 C for 30 minutes,
centrifuged, repeated 3 times and the supernatant étoredo

The resulting }débxf'is was treated for 18 hours with formamide
(99%) at room temperature and stored,

2) One third of the rickettsial suspension was treated as follows:

The suspension was rapidly thawed and treated with 3 ml dis-

tilled water for 18 hours at 4 C, centrifuged at 11,000 rap@mo repeated ..
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twice and the supernatant stored at -60 C.

The sediment was treated with 1 ml of 70% éthanol containing 2
drops glacial acetic acid, boiled for 20 minutes, centrifuged, repe,ated
twice, and stored as above.

The sediment was tréated with formaini;ie {99%) for 18 hoursﬂ at
room .temfzeratureé,: centrifuged and stored:as above,;

3) The remaining third of the rickett—sigl _sﬁspénsionfwas treated
with 1 ml of hyamine for 24 hours at 37 € anci stored at -60'C,

4) Deter?nj.nafidn of b;spe'éific a{c'tiVity of carbon dioxid_‘e‘.:

An eff.ij?cieﬁt meth(}gci Iwas née'déd to titrate t]fi:e amognt of carbon |
dioxide collected in the evt.‘h:.a;mol'amime so.].u’t:ion utilized in the sodium
a«::etaife-==4U~Cl4 stu-dies,%;‘ .EOI; this purpose, a modified applica,tion of
the mé%hod of Glenn mejﬁ_g_l_ (1'955) was selected.

The f:%;tranf -émploye(jl was .sodium amino efhoxid-e prepared by
dissolving 1.25 'g-.,_' metallic sodium in 50 ml ethanol amine and bringing
the solution to 250 ml vqlume with 'dime'thylformarhide, The titrant was
Standardized w1th béﬁzbic acid,

The carbon (ﬁ-;j:oxideb ﬁi%rétidﬁs were carried out by bringing 3 ml
of the ethanol amine -‘s_amp:le to' a 10 ml volume with dimefﬁylforméinidéo
The sgiqplé Was thent titraféa with the sodium ainino ethoxité{e sol}i’tion
using three to fotr »g"rab‘fins of ;t.h.y;nol blue as an end point iind’ic;:atoh The

thymoi blue breaks Sharp‘l;y from a pale yellow to a deep.blue. .:



18

Known samples of calcium carbonate were assayed by this
method to determine accuracy and was found to be in the 98-99% confi-
dence range., Ethanol amine blanks were also titrated in the same
manner to determine acetic impurities in the solvents, and these
values were incorporated in the final figures.

5) Chromatography.

Chromatography was carried out on Whatman No, 1 chromato-
graphic paper obtained from Clico Laboratory Supply Co., Phoenix,
Arizona. The paper was cut to a size of approximately 12 x 22 cm.,
and chromatography performed in one direction only, in tightly sealed
glass containers. '

a) Solvent,

The solvent employed was the sofvent described by Roberts

et al., (1963) and was used to separate the lipids in the alcohol~ether

fraction of the rickettsiae. The constituents are as follows.

sec butanol = --~-=-=-=~=-=-= 70 ml
acetic acid ~~-==-==--==- 10 ml
water = =~ === 20 ml

b) Reagents.
1) Iodine crystals
Iodine crystals and the chromatograms were placed in a tightly
sealed jar‘ a;fter the method of Smith (1960) and the iodine fumes were

allowed to penetrate the paper., After three to five minutes, lipid
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fractions turned a pale yellow while the paper was uncolored,
2) Phospholipid reagent
Phospholipids were detected with the reagent of Burrows, et al.

(1952) which is as follows:

1 gram ammonium molybdate in H20 -~-- 8vol.
Concentrated HCl=- =~ =« = = = = = = = o = = = 3 vol.
Perchloric acid (12N) -« - - - - e 3 vol.
Acetone == - == - m e e e e - - 86 vol,

The chromatograms were passed through the reagent and dried.
The dried chromatograms were exposed to ultra violet light for a period
of 10 to 30 minutes. The phospholipid fraction reacts to give a pale
blue color which is lasting, the paper becomes dark blue but rapidly
fades upon removal from the radiation source,

6) Determination of C14 activity of chromatogram fractions.

The lipid and phospholipid fractions identified by chromato-
graphy were easily and rapidly assayed for activity utilizing the paper
strip counting method of Davidson (1962). The fractions were located
on the paper and cut out with a razor, the resulting strips were

immersed in Bray's liquid scintillation medium and counted directly.



RESULTS

Respiratory Carbon Dioxide Studies

The respiratory carbon dioxide from individual eggs was
collected utilizing the carbon dioxide cdllection device described
earlier., Carbon dioxide was collected at 24 hour intervals in 9 ml of _

thé ethanolamine solution previously mentioned. Three ml of this

- solution were added fo 15 ml of é¢thaholamine scintillation mixture
and the radioactivity determined. The daily accumula;tive carbon
dioxide totals have been plotted against time (Figure 2).

Three ml of the ethanolamine sélution were titrated as preu
viously described and the daily specific activity of the eggs injected
with sodium ac:e'ta,tef‘=v'U=-Cl4 was determined as counts per minute per
Al mole of carbon dioxide, and plo'tf;ed against time (Figure 3).

Upon titration it was fbund that the average amount of éa,rbon
dioxide éollected varied less than 0,702./,&a.mole {accumulative) for _ﬁhe
thi"ee sets of ‘experimental conditions.,

- It is evident upon examination that the eggs infected With B_ R

typhi"denidn‘strated a marked increase in total activity appearing in thé

the_'specific activity of the infected eggs over those of the coﬁtrols is-

" much more spectactlar, approaching 100% on the second day (Figure 3)a

20

R carbon dioxide over that of the controls (Figure 2). The increase in LA



FIGURE 2. A comparison of the cumulative radioactivity present
in respiratory carbon dioxide from normal eggs, eggs
. injected with sucrose-P.G,, and eggs inf%gted with
Rickettsia typhi with sodium acetate~-U-C"" as a
substrate,
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FIGURE 3. A comparison of the cumulative specific activity
(cpm/Adimole) of respiratory carbon dioxide from
normal eggs, eggs injected with sucrose-=P.G., and
eggs infected with Rickettsia typhi with sodium
acetate-U=-C~ " as a substrate.
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The curves of the uniform control and the sucrose-P. G, control ar’.e

very nearly similar in both cases,

Distribution of Sodium Aceta‘te=-U‘=-C14 Derived

- Radioactivity in Purified Ricketisiae

Table 1 shows the radicactivity present in the various extracts
of purified Ricketisiae obtained from the experiments utilizing
sodium acetate=-ﬁ==cl4 as the su,bstrat»e, It is evident that the majority
of the activity was present in the ethanol-ether soluble fraction and
small amounts Qf activity appeared in the ethanol soluble ‘frac.:'tion_ an_d
the formamide (cell debxjis) soluble fraé‘tion, The amounf of activ:it;:y »
present in the lattef two frac%iohs was found to be so small ‘tha,t no
further assay was possible.

Less than 1% of ‘thel tdtai activity introduced into 'the eggs was
recovered fﬁrom‘ the rickettsiae;:o

Table Z-ines the rédioactivity pfesen’c in the etlhanoijeiﬁhe%
frac::fion ébtained from thé' ab'ove assay by meaﬁs of chroméfography,,
which has been pré‘\i‘i@ﬁsly .e;:plainedu | |

It was apparent from this table that the activity was evenly
distributed between a lipid and a phospho-lipid fraction with 10% more

activity appearing in the lipid fraction.



TABLE 1
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 ACTIVITY DISTRIBUTIONS OF RICKETTSIAL CELL FRACTIONS

Sedium acetate-U- CM experiment

Distribution .

Fraction Total Activity
CPM Percentages
Fthanol ' 300 20 -
Ethanol~ether : 1070 72
Cold 0. I N I—IClO4 s "0
Cold 1 N HClO4 ‘ - 0
Hot 1 N HCI1O ' - 0
Formamide (cell debris) : 121 8
Total rickettsial activity ' 1491 100
TABLE 2

ACTIVITY DISTRIBUTION IN ETHA,NOL~ETHER SOLUBLE

FRACTION OF RICKETTSIAL CELL EXTRACT AS

DETERMINED BY CHROMATOGRAPHY

Sodium ac:e‘ca.te»«UwC_l4 experiment

Fraction Total Activity Distribution
b CPM Percentages
Lipid . 58 55

Phospho~lipid . 48

45

1

t
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Distribution PE Sodium Acetate==U==C’14 Derived

Activity in Lipid Fraction of Yolk Sac

The yolk sac pools of the irﬁ.fected, and uninfected egg embryos
were extracied separately with ethanol:ether (3:1) as previously
described,

Lipid extracted from the infected yolk sac contained 25% more
radioactivity in this fraction than that of the contrélsn When this |
fraction was chromatographed, it was found that 70% of the radio=-

activity was in the lipid portion and 30% in the phospholipid portion,

Distribution of RibOSG"’l“Clé Derived Radioactivity

igri Purified Rickettsiae

Table 3 shows the radioactivity present in the various extracts
of purified rickettsiae obtained from the experiments utilizing ribose-
1~Cl4 as the substrate. It is evident that no activity appeared in
these cells until the cell d.ebris from the earlier extractions was
digested with formamide and assayed.

Although this information was pertinent it was degmed necessary
to obtain a second pdrtion of these organisms and extract the amino
acids, The results of this procedure are listed in Table 4. The

activity was distributed between the H,_ O, hot ethanol-acetic acid, and

2
formamide soluble fractions. The activity found in these fractions,

although significant, was found to be too small for further assay, and

will be discussed later,
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TABLE 3
ACTIVITY DISTRIBUTIONS IN' RICKETTSIAL

CELL FRACTIONS

Rlbose 1 -C 45e'xper1me\nﬁ

Fraction ~ Total Actlwty " Distribution
B CPM Percentages

Fthanol o e
Ethanol-ether E o
Cold 0.1 N-HClO4 : ‘ ke
Cold 1 N HCIO 4 o
Hot 1 N,HClO4 - .
Formamide (cell debris) - 662 - 10

coococoo

TABLE 4
ACTIVITY DISTRIBUTIONS UPON EXTRACTION OF

RICKETTSIAL CELLS FOR AMINO ACIDS |

Ribose~1-C % experiment

Fraction | Total Activity  Distribution
. CPM Percentages

H,O | 64 8
Hot ethanol-acetic acid 580 S 13
Formamide (cell giébris) , - 154 19
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Comparison of Sodium Acetate-=U=~C14 and R‘ibose=~1-=Cl4

Radioactivity Distribution in Purified Rickettsiae

Table 5 was compiled in an attempt to demonstrate the relative
distribution comparisons between rickettsial extracts when sodium
acetate-=U=C14 and Jz*’ibosem;lu—c14 were used as substrates.,

It is evident from these data that ’chére is a wide spread in the:
radioactivity between the fractions derived from the two substrates.
In the organisms supplied sodium acetate-=U=~C14, the majority of the
activity appears in the ethanol-ether fraction while in the organisms
supplied ribose~1—Cl49 the majority of the activity appeared in the
ethanol-acetic acid fraction. In both cases there is a lack of activity

in the HC1O 4 soluble fractions.,
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COMPARISON OF ACTIVITY DISTRIBUTIONS IN

RICKETTSIAL FRACTIONS BY

PERCENTAGES
‘Fraction ISOTOPE POOL 14
Sodium Acetate~U~C~1% Ribose~1~C
Ethanol 20 0
Fithanel-ether- - 72 0
Cold 0.1 N HC104 0 0
Cold 1 N HCIO 4 0 0
Hot.1 N HCIO 4 . 0 0
H’ZO 0 8
..Formamide (cell debris) 8 19
Ethanol~acetic acid 0 73




DISCUSSION

y

The approach to the study of rickettsial metabolism and its
.effect on the host, in relation 'tlo the substrates inftroduced, is at best a
difficult one, and the data are necessarily difficul't to analyze due to
the many complex contributing factors.

This study attempted to approach this problem by two methods,

a) The assay o'f the radioactive byproducts of metabolism,
specifically ca.rbon dioxideg.: in an attempt to determine the
effect of the parasite upon the host, a.nd' the host's meta-=
bolism of the substrate introduced.

b) Assay of radioactivity in the ﬁ,ckettsial fractions to
determine in what way the parasite incorporates the label
introduced through the host.

Upon analysis of the data collected in Figure 2 it is readily
apparent that the infected eggs demonsirated a substantially higher .
radioactivity in the respired‘ carbon dioxide, This may be accounted -
for in one of two ways. Either more carbon dioxide was respired by
the infécted eggs or more of the label was being introduced into this
carbon dioxide,

If one comnsiders that the data obtained from the carbon dioxide

titrations indicate the amouni of carbon dioxide is substantially the

29
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same for the infected and uninfected eggs, and that the specific
activity data (Figure 3) indicate that more radioactivity per unit of
carbon dioxide is incorporated in the infected eggs‘; then it is obvious
that more of the label from the SubS‘tra’pe introduced is incorporated
in the carbon dioxide respired by the infected eggs.

When one considers the above data along with the previously
mentioned fact that a substantially larger amount of radioactivity (25%)
appeared in the lipid fraction of infected yolk sac over that of the .
controls, it is apparenﬁt that infection with R. typhi has a marked effect

'J
on the eggs metabolism, and a certain pattern of this effect begins to
' emerge.

Since it was demonstrated by Berg (1956; A, B, and CS that
acetate is rapidly converted to acetyl coenzyme A (Acetyl CoA) in the
presence of ATP, Mg+2 ions and CoA, it is evident that acetate in this .
form lies at the intersectfion of the trunk lines of glycolysis, the tri-
carboxylic acid (TCA) cycle, lipid metabolism, and is directly involved
in the glyoxylate cycle (Kornberg and Krebs, 1957).

. Kornberg (1958) demonstrated that uniformly labeled acetate
Whén fed to cells caused a rapid appearance of label in all the inter-
mediates of the TCA cycle, and many studies upon lipid synthesis, such
as those of Smedley-Maclean and Hoffert (1926), utilizing this substrate

show a continuous turnover of label in the lipid pool.
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In view of the fact the data showed a higher speé:‘i_fic acti'vity :of
the carbon dioxide evolved from the infected eggs, it cannot be
assumed that tlie' tricarboxylic acid cycle nor the glyoxylate cycle
_ alone are responsiblé for this riséo Jf this were so fhe speéific
activity would be equal for all the grﬁou;éso |

It appeared that activity is being cycled.into this system in
some manner, in this Wa'y more of the carbon dioxidé -Wouldv‘ble labeled
without the amourﬁ: béjh.gixﬁcreéSed,o |

The evideiice'preseﬁted that thére is an apparent acgelé%ration
of 1zipidl» s&nthesis in ihfeé'fed eggs could {rery well explain the iﬁcrease .
in the specific activity in the carbon dioxide of these eggs. The og;;ﬁ.»
dation of the fatty acids and the constant recycling of these cairbon
sources into the tricarboxylic acid cycle seerﬁs the most reasonable
method for added acﬁvity.being:incorporated into the carbon dioxide.

This evidence Séelzned mére conclusive when one consiéered the
fact that the majority of tﬁe activity found in the purified riclk;ettéiae
was found in the lipid and phospholipid fractions, Th:is‘ agrées with the

in vitro studies of Bovarnick (1960) when she found all of the activity of

14

acetate-1-C" " fed to resting cells was found in the lipid fraction. ’Ehe
fact that some activity was also’ found in the protein fraction of the
rickettsiae used in this study differs from her data. This was uhdoubt=

edly due to the difference in the fact that she studied rickéttsiae in a

- resting state and not in intracellular metabolism.
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It must also be considered that the dilution-of radioactivity in
respired carbon dioxide. caused by the sucrose-P.G. suspending medium
'oioser'ved by Beakley (1'962) and Swack (1965) Was‘not a factor in this
study. This would tend to support the lipid hypothesis offered above,
because it does not seem reasonable that thé sucrose or the glutamate
wauld enter into lipid condensation preferentially or at the same rate
over available acetate.

Ther various condensations of acetate and reactions of acetyl
phospha,ute‘ can of course play a role in these reactions but it would
seem to this author that if these pléyed any major role other than lipid
synthesis or cycling i.ﬁ'to the tricarboxylic acid cycle, that there should
then be a higher Ipercem:age of activity appearing in the protein fraction
of yolk sac and rickettsiae.

The effect of R. typhi upon the metabolism of ribose«-1=C14 in
this study is much more difficult to analyze, but one fact is immediately
apparent, the ribose is not being incorporated into the nucleiq ac.:ids of
the rickettsiae (Table 3).

The rickettsiae do incorporate a certain amount of the label in
the soluble and insoluble protein fractions - and possibly unidéntified
substances in the water soluble and cell debris fractions. These

observations tend to indicate that the ribose is undergoing an inter-

mediate metabolism in the egg.
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It has been reported that ribose is easily metabolized by means
of the pentose pathway and eventually cycled into the tricarboxylic acid
cycle, The substance "active' glycolaldehyde is formed in this process,
but this compound does not‘inc.orporate the labeled carbon.,

The pentose pathway can explain the presence of activity in i:he
amino acids of the ric}%‘.ettsiae,, Although the active carbon is respired
as CO2 after & ketoglutarate‘in the tricarboxylic acid cycle, condensa-
tions of citrate, isocitrate, and L ketoglutarate could lead to the
incorporation of activity in the various amino acids and their inter-

mediates,



SUMMARY

It has been demonstrated that infection with Rickettsia typhi

causes an apparent shift of host metabolism toward increased
synthesis of lipid. Carbon dioxide recovered from infected eggs
supplied sodium ace'tatemUeCM had a higher specific activity than
that of the éontr;)ls-g and infected yolk sac exhibited a substantially
higher act_ivity in the lipid fraction.

Rickettsiae extracted and purified from the host system
injected with acetate=U=C'14' were fractionated and the majority of
the activity appeared in the lipid and phospholipid fractions.

Rickettsiae recovered from the host system previously in-
jected with ribose-=1==Cl4 exhibited a lack of aét:i.vity in the RNA. and
DNA. fractions, although these organisms did contain small amounts

of activity in the various amino acids and unidentified cell components.
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