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ABSTRACT

In th is study ace ta te -U -C * ^  and r i b o s e - l - C ^  w ere  em ployed 

to de te rm ine  the effects of infection with R ick e tts iae  typhi upon the 

m etabo lism  of the em bryonated  chicken egg.

R esp ired  carbon  dioxide was assayed, fo r rad io ac tiv ity  content 

and egg and r ic k e tts ia l  frac tio n s  w ere  e x trac ted  and tre a te d  in such  a 

m anner as to iso la te  and identify  rad io ac tiv e  compounds, in th ese  

■fractions.

In the ace ta te  study it  was found th a t infection w ith R, typhi 

apparen tly  fo rces  the egg to u tilize  th is  su b s tra te  fo r lip id  syn thesis  

which is  recy c led  through the tr ic a rb o x y lic  acid  cycle along with 

ace ta te  m etabolized  d irec tly  by th is  m eans.

In the: s tud ies em ploying rib o se  as a su b s tra te  it w as found 

tha t the' r ic k e tts ia e  did not in co rp o ra te  th is  compound into nucleic  

ac id s. It has been hypothesized  that the chicken em bryos u tilize  the 

pentose pathway in. the m etabo lism  of this, carbohyd ra te .



INTRODUCTION

The study of the m etabo lism  of the r ic k e tts ia e  has been a long. 

Slow p ro c e ss . C ontributions m ade since  W orld W ar I have m ade 

possib le  in tensive  s tu d ies  into the m echan ism s and re la tio n sh ip s  of 

h o s t-p a ra s i te  m etabo lism .

The im portance  of a few sign ifican t d isco v erie s  cannot be u n d e r­

estim ated . They include the d em onstra tion  by Cox (1938;T94l) tha t the 

yolk sac  of the in tac t, developing chick em bryo can be su ccessfu lly  

em ployed fo r the propagation  of r ic k e tts ia e . The re la tiv e ly  rec en t 

in troduc tion  of ce llu lo se  anion exchange colum ns by H oyer, e t a l.

(1958) and the cation exchange r e s in  by K ara  e t a l . (1958) fo r the r e ­

covery  of highly p u rified  r ic k e tts ia e  has m ade the ex trac tio n  of the 

c e llu la r  com ponents of th ese  o rg an ism s p o ss ib le .

A nother valuable  contribu tion  by B ovarnick, M ille r and Snyder 

(1950) w as the in troduction  of su c ro se -p o ta ss iu m -g lu ta m a te  b ro th  fo r 

the sa tis fa c to ry  s to ra g e  of r ic k e tts ia e .

In v itro  m etabo lic  stud ies have been  c a rr ie d  out on a wide sc a le  

since  the e a r ly  1950!s , and m any r ic k e tts ia l  m etab o lite s  and enzym e 

sy s tem s have been iden tified .

B ovarnick  and Snyder (1949) d em o n stra ted  oxygen u p -tak e  by 

suspensions of liv ing  epidem ic and m urine  typhus r ic k e tts ia e  in  the



p re se n c e  of glutam ate* lay ing  the ground w ork fo r subsequent stu d ies  

of m etabolic  ac tiv itie s  of ;rick e tts iae„  B ovarnick  et„al„. (1950) show.ed 

the p re se n c e  of r ic k e tts ia l  g lu tam ic  tran sam in ase*  and on the b as is  o f 

th ese  studies* they  suggested  that r ic k e tts ia l  oxidation of g lu tam ate 

p roceeded  through the c itr ic  acid  cycle.

W isseman* e t a l. (1952) d em onstra ted  tha t g lu tam ic  okidation 

was affected, by enzym e in h ib ito rs  but itiot by r ic k e tts ia l  in h ib ito rs . 

W issSm an et a l. * (1952) hypothesized  an in itia l.ox idativb  deam ination 

to fo rm  alpha-keto  g lu tam ic acid  which'w ould then  p ro ceed  through a ll 

of the s tep s  of the conventional K rebs cycle.

B ovarnick  and A llen  (1953)* G ilford  and P r ic e  (1955) and R o sen ­

b e rg  and B ovarnick  (1954) d em onstra ted  tha t d iphosphppyridine 

nucleotide. (NAD) ahd coenzym e A (CoA) w ere  e sse n tia l to the m etabolic  

in teg rity  of r ic k e tts ia e .

B ovarnick  (1956) d em onstra ted  th a t typhus r ic k e tts ia e  u tilize  

phosphate to fo rm  adenosine triphosphate  fro m  adenosine diphosphate 

during the oxidation of glutam ate* and th a t the p ro c e ss  is  enhanced by 

the addition of the co -facto rs*  NAD and Co A. B ovarn ick  and A llen 

(1957)* d em onstra ted  the p ro g re ss iv e  lo ss  of adenosine triphosphate  

during s ta rv a tio n  of r ic k e tts ia e . ;

j Hopps* et hi. * : (1956). d em o n stra ted  th a t R . r ic k e tts ia 'c o n ta in e d

an in tr in s ic  g lu ta m ic -a sp a rtic  tra n sa m in a se , and Hayes* et a l .  * (1957) 

dem onstra ted  e le c tro n  tra n s p o r t  by a flav in  - enzym e - i r  o m- cy to chrp m e



sy s te m  in  the sam e o rgan ism .

P a re tsk y  et_ a l. 9 (1958) re p o rte d  that R. b u rn e tii p o sse sse d  an 

A D P~dehydrogenases and could sy n th esize  c itra te  fro m  ace ta te  o r  

ace ty l phosphate in  the p re se n c e  of o x a lace ta te . Hahn,, et a l . s (1959) 

d em onstra ted  the ab ility  of R . r ic k e tts ia  to deam inate g lutam ine to 

g lu tam ic acid  and likew ise , a sp arag in e  to a sp a r tic  acid .

It m u st be noted that th ese  in v itro  stud ies a re  not n e c e ssa r ily  

analogous to the rea c tio n s  of r ic k e tts ia e  in  vivo, and un til the w ork 

of B eakley (1962) and Swack (1965), the  in  vivo m etabo lism  of these  

o rg an ism s had not been stud ied .

B eakley re p o rte d  th a t in fec tion  of em bryonated  eggs with R. 

typhi b rought forth, an a lte ra tio n  of the m etabo lic  pathw ays of the egg, 

causing a g re a te r  u tiliza tio n  of the hexose-m onophosphate  pathway.

14This was shown by the fac t th a t m ost of the lab e l fro m  g lu c o se -6-C

in troduced  into the yolk sac  of in fec ted  eggs was re c o v e re d  in  an RNA-

like  substance  iso la ted  fro m  the r ic k e tts ia , and th a t th e re  was a s ig n i-

14flean t r i s e  in  the ra tio  of lab e l re c o v e re d  fro m  g lu c o s e - l-C  carbon

14dioxide o v er th a t of the g lu co se-6 -C

Swack d em onstra ted  tha t in fec tion  with R. typhi causes the 

m etabo lism  of em bryonated  chicken eggs to sh ift tow ard  in c re a se d  

sy n th esis  of nucle ic  acid . He proved  th is  by d em onstra ting  that the 

ribonucle ic  acid  labe led  w ith carbon-14  and p hospho rus-32 e x tra c ted  

fro m  infected  t is su e  had a specific  ac tiv ity  sign ifican tly  h ig h er than



uninfected  c o n tro ls . The sam e was re p o rte d  fo r purine  and pyrim id ine  

b ases  re so lv ed  fro m  the ribonucle ic  acid  and deoxy-ribonucle ic  acid.



The pu rpose  of th is  r e s e a rc h  p ro je c t is  to expand the knowledge 

of in vivo m etabolic  re la tio n sh ip s  betw een ho st (the egg) and p a ra s ite  

(R. typhi) u tiliz ing  the following p ro c e d u re s .

14I. In the case  of sodium  ace ta te -U -C  s tu d ies .

A. D eterm ination  of carbon  dioxide re le a s e  fro m  

infec ted  and non-infected. eggs in  an a ttem p t to 

c o rre la te  the o v e r-a l l  effect of in fec tion  on m e ta ­

b o lism .

B. The d is trib u tio n  of the to ta l rad io ac tiv ity  w ithin  the 

egg.

C. The labeling  of r ic k e tts ia e  and r ic k e tts ia l  frac tio n s ,

including d is trib u tio n  w ithin the v a rio u s  frac tio n s .

14II. In the case  of r ib o s e - l - C  s tu d ies .

A. D eterm ina tion  of r ic k e tts ia l  uptake of the lab e l and

d is trib u tio n  of the lab e l w ithin the r ic k e tts ia l  f ra c tio n s .



MATERIALS AND METHODS
>

The Host

F e r t i le  h e n s f eggs fro m  the U n iv e rs ity  of A rizona  w hite leghorn .

flocks w ere  em ployed exclusively . B ecause of p o ss ib le  a n tir ic k e tts ia l

activity,, only eggs fro m  chickens fed an tib io tic  f re e  feed  w ere  used .

The eggs w ere  co llec ted  and s to re d  a t 4 C fo r no m o re  than  th ree  days

befo re  incubation. A ll eggs used  in  c r i t ic a l  analy tica l p ro ce d u re s  w ere

weighed in  ah a ttem pt to obtain  a c e r ta in  deg ree  of un ifo rm ity .

C arbon dioxide co llec tion  ex perim en ts  w ere  c a r r ie d  out in  a

w alk -in  incubato r h e ld 1 at 37 C. E xperim en ts fo r p u rifica tio n , iso la tio n

and ana ly sis  of ricfceits iae  not including C 0 0 data  w ere  c a r r ie d  out in  
' 4

a H um idaire  egg incubato r (H um idaire Incubator Co. , 217 W est Main 

S tree t, New M adison, Ohio) at 36 C and 70% re la tiv e  hum idity , :

In the rad io ac tiv ity  experim en ts the  egg inoculations w ere

handled as follow s: fo r  the  CO^ co llec ting  run , u sing  sodium  a c e ta te -
14 • i .U -C  , the eggs w ere allow ed to incubate  fou r days,; they  w ere then

candled, and in fe r tile  eggs w ere  d isca rd ed . At th is  tim e  a ll  fe r ti le

eggs w ere  in jec ted  with the rad io ac tiv e  su b s tra te  (d esc rib ed  e lsew here)

on the fou rth  day. A fter s ix  days of incubation, fe r t i le  eggs w ere

inoculated  as fo llow s: One group 'Was inoculated  with 0, 2 m l each of

r ic k e tts ia l  suspension,, a second With 0, 2 m l each of S te rile  su c ro se -



p o tassiu m  g lu tam ate  (su c ro se -P „  G„) suspending  m edium  (Bovarhick„ 

M ille r and Snyder, 1950), and a th ird  group was only punctu red  w ith 

a s te r i le  need le  to com pensate fo r tra u m a tic  shock of in jection , th is  

group w as used  as the un ifo rm  con tro l. A ll inocu lations w ere  m ade 

through the a ir  sa c  w ith s te r i le  21 gauge, one and one ha lf inch  need les, 

d irec tly  into the yolk of the egg.

14F o r  the experim en t u tiliz in g  r ib o s e - l - C  , a ll inoculations 

w ere  m ade on the s ix th  day of incubation u tiliz ing  only rad io ac tiv e  

su b s tra te  and r ic k e tts ia l  su spension  in  the  m anner d esc rib ed  above.

B efore  the iso tope ex p erim en ts  w ere  conducted, tox ic ity  te s ts  

w ere  p e rfo rm ed  with unlabeled  sodium  ace ta te  and rib o se  to d e te r ­

m ine any p o ss ib le  toxic effects of the su b s tra te , in  both c a se s  none 

w ere  detected .

A ll in fected  eggs th a t died befo re  the fou rth  day a fte r  infection

w ere  d isca rd ed , the eggs th a t su rv iv ed  u n til the six th  day a f te r

in fec tion  w ere  tre a te d  as fo llow s:
14

1) Sodium a ce ta te -U -C  ex p erim en ts .

a) E m bryo - w ashed th re e  tim e s  in  s u c ro s e -  P .G . ,  

frozen , and s to re d  at -2 0 C.

b) Yolk sac  - w ashed th re e  tim es in  s u c ro s e -P . G ., and 

e ith e r  fro zen  o r  sub jec ted  to a p u rifica tio n  p ro ced u re  

d esc rib ed  e lsew h ere . . ........



c) E m bryonic m em brane  - w ashed th re e  tim es in  

s u c ro s e -P . G . , frozen , and s to re d  a t -20 C„

d) C horioallan to ic  m em brane  - w ashed th re e  tim e s  in  

s u c ro s e -P . G. frozen , and s to re d  a t -20 C.

e) Yolk - consisting  of a ll  rem ain ing  egg m a te r ia l  p lus 

the w ashings of o th e r f ra c tio n s . T his m a te r ia l  was

frozen , and s to re d  at -20 C.

142) B ib o s e - l-C  ex p erim en ts .

a) The yolk sa c  was w ashed once in  s u c ro s e -P . G. and 

sub jec ted  to p u rifica tio n  p ro ce d u re s  (d escrib ed  

e lsew here), a ll  o th e r egg frac tio n s  w ere  d iscarded .

The P a ra s i te

1) P re p a ra tio n  of the  p a ra s i te .

A fro zen  suspension  of R ick e tts ia  typhR, W ilm ington stra in ,, w as 

obtained fro m  the stock  cu ltu re  co llec tion  of the D epartm ent of M ic ro ­

biology, U n iversity  of A rizona. T his s tr a in  was o rig in a lly  obtained 

fro m  The D epartm ent of R ick e tts ia l D ise ases , W alter R eed A rm y 

In stitu te  of R esea rch , W ashington, D. C.

The r ic k e tts ia l  suspension  w as rap id ly  thaw ed, d ilu ted  to 20% 

with su c ro se -  P . G ., and 0. 2 m l was in jec ted  into each  of fifty eggs.

The yolk sa c s  w ere  h a rv e s te d  and the la rg e  pool of in fec ted  m a te r ia l  

was hom ogenized in  a " d isp e rsa l"  W aring b lender to ..m ake a 20%



. ' ■ ■ : ' : ■ : .  9 
suspension  of yolk sac  in  s u c ro s e -P . G* The preparation , was. d is ­

pensed  asep tic  ally  in  12 x 100 m m  sc rew  capped tubes and sh e ll- f ro z e n  

i!n -60 G. acetone and S to red  a t -60 C„ A tube of th is  Suspensioin w as 

rap id ly  thaw ed in  w arm  w a te r and d ilu ted  w ith s u c ro s e -P .:G. to a 10% 

suspension . Two-rtenths m l;of th is  p re p a ra tio n  W’as hs.ed as the 

s tan d ard  inoculum, in  a ll  ex p erim en ts .

2) P u rif ica tio n  of the p a ra s i te .

A m odification  of the m ethod of p u rifica tio n  em ployed by 

Y am am oto et a l . s (1958) and H ara  (1958) w as u tilized  to sep ara te , the 

r ic k e tts ia e  fro m  the yolk sa c .

a) P re p a ra tio n  of the  ion exchange re s in .

F o u r g ram s of the ion exchange r e s in ,  am b d rlite  XE-64. (Bojam 

and Haas C o ., P h ilade lph ia  5, P ennsy lvan ia) Was m ixed'W ith ,30 m l of 

1 N NaOH, s t i r r e d  thoroughly  and cen trifuged  a t 1, 000 r .,p . m„ fo r 5 

m inu tes. The sed im en t Was m ixed with 1. 2% KC1, s t i r r e d ,  and c e n tr i­

fuged a t 1, 000 r .  p. m . fo r  5 m inu tes. The sed im en t w as again  m ixed ' 

With 1. 2% KC1, s t i r r e d ,  and cen trifuged  fo r  30 m in u te s . The Sedim ent 

was m ixed w ith 10 volum es of s u c ro s e -P . G. and s to re d  a t 4 C.

b) P u rif ic a tio n  p ro ced u re .

In fec ted  yo’lk  sa c s  w ere  h a rv e s te d , w ashed th re e  tim e s  in  

su c ro se  TP. G. and blended w ith s p c ro s e -P . G. fo r 60 Seconds in 10 

second in c rem en ts  in  the  W aring b len d e r. T his su spension  w as cen t­

rifuged  a t 11, 000 r .  p. m . fo r one h ou r. The sed im ent w as m ixed in
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10 m l a m b e rllte  XE -• 64 suspension , and cen trifuged  a t 1, 000 r .  p, m , 

fo r 30 m in u te s6 This step  was rep ea ted  if the su p ern a tan t was cloudy. 

The su p ern a tan t was then cen trifuged  a t 11, 000 r .  p. m . fo r 1 hour and 

the p e lle t was she ll fro zen  and s to re d  at -60 C,

3) V erifica tion  of p u rity  and activ ity  of r ic k e tts ia l  su spensions ,

a) Two m ethods of verify ing  r ic k e tts ia l  p u rity  w ere 

used  and a re  as follow s:

■ 1) Guinea pig inoculations

Two m ale  guinea pigs w ere  inoculated 

with 0, 2 m l each of the r ic k e tts ia l  suspension  

and fev e r c h a rts  p re p a re d  fo r each anim al.

The resp o n se  was typ ica l of tha t expected, fo r 

m urine  typhus. The te m p e ra tu re  reach ed  a 

peak on the six th  to seventh  day accom panied 

by ex trem e  s c ro ta l  sw elling . At th is  tim e-the 

sp leen  and tun ica  vag ina lis  w ere  rem oved  

as optically , assayed , fo r r ic k e tts ia e  and s to re d  

a t -60 C.

2) M achlavelfo 's s ta in

All experim en ts u tiliz ing  r ic k e tts ia e  w ere  

checked fo r the p re sen c e  of the o rg an ism  and 

absence of contam inants by u tiliz in g  the M achia- 

vello s ta in  (G rey, 1954). In a ll c a se s ,
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m ic ro sco p ic  exam inatiori rev e a le d  la rg e  num ­

b e rs  of r ic k e tts ia e , and in the case  of guinea 

pig t is su e s , M ooser bodies and in tra -c y to p la sm ic  

r ic k e tts ia e  w ere  ob serv ed ,

b) To check fo r  activ ity  of the r ic k e tts ia l  suspension  and
r

de te rm in e  the m ost effective t i t e r  to u tilize  fo r egg 

infection , titra tio n s  (IDgg) w ere  p e rfo rm ed  on six  day 

old em bryonated  eggs u tiliz in g  the R eed and Muench 

(1938) m ethod. It w as found tha t yolk sac  hom ogenate 

d ilu ted  to a 10*20% suspension  with s u c ro s e -P , G, 

was m ost effective  in  te rm s  of in fec tiv ity  and y ie ld .

Radio ac tive  S u b stra tes  

S u b s tra te s  u tilize d  in  th is  study w ere  sodium  ace ta te  labe lled  

un ifo rm ly  w ith carbon  -  14 and B -  r ib o se  lab e lled  with carbon  -  14 at 

the num ber one position,, both of w hich w ere  obtained fro m  N uclear 

Chicago C orporation , Chicago 10, Illin o is , Each' su b s tra te  was d is ­

so lved  in  a m inim um  am ount of d is tilled  w a te r, s te r il iz e d  by f iltra tio n , 

a liqueted  a sep tica lly  into s te r i le  sc rew -cap p ed  tubes, and fro zen  un til 

u tilized ,

14The sodium  a ce ta te -U -C  had a specific  ac tiv ity  of 34 m llli -  

c u rie s  p e r  m illim o le  (m a n u fa c tu re r 's  data), and w as shown to have the 

following rad io ch em ica l pu rity : , ....
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1) By dilution ana ly sis  as s i lv e r  ace ta te  = 96%

2) By p ap er ch rom atography  in

a) ethanol: am m onia:w ater =97%
b) n - butanol: ethanol: 3N am m onia = 97%

14The sodium  acetate^-U-C ' w as supplied  f re e z e -d r ie d  and 

sea led  under n itrogen .

The D - r ib o s e - l - C ^  had a sp ec ific  activ ity  of 26 .8  m i Hi c u rie s  

p e r  m illim o le  (m an u fa c tu re r’s da ta )s and was designated  CFA, Batch 2.

A naly tical P ro c e d u re s

1) D eterm ination  of rad io ac tiv e  iso tope.

R adioactive de te rm ina tions w ere  m ade in a P a c k a rd  T r i-C a rb  

L iquid S cin tilla tion  S p ec tro m ete r, S e rie s  314 E, P a c k a rd  In strum en t 

Company I n c . , L a  G range, I llin o is . A ll sam p les  w ere  counted.for 10 

m inutes and no counts w ere accepted  u n less  the values w ere  a t le a s t  

tw ice tha t of background.

R adioactive carbon  dioxide was co llec ted  fro m  individual eggs 

in. the ethanolam ine collecting; m edium  of Je ff ay and A lvarez ' (1961).

Sam ples of v a rio u s egg fra c tio n s , hom ogenates, e t c . , w ere  

p ipetted  d irec tly  into the liquid sc in tilla tio n  m ix tu re  of B ray  (I960),

In the to ta l carbon stud ies in which egg frac tio n s  w ere  b roken  

down with hy am ine, an aliquot of the hydro ly sa te  was p ipetted  into 

L iqufluor liquid  sc in tilla tio n  m ix tu re . • Hyam ine was ob tained .from  

P a c k a rd  In stru m en t Company I n c , , L a G range, I llin o is , and L iqufluor
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was obtained fro m  N uclear Chicago C orporation,- Chicago 10, I llin o is ,

A ll sam p les  in th is  study w ere  c o rre c te d  fo r co lo r and chem ical 

quenching using  the m ethod of K innory e t a l«, (1958).

2 ).C ollection of carbon  dioxide.

The carbon  dioxide co llecting-device  developed by B eakley (1962) 

w as u tilized  in  th ese  s tu d ies .

The device co n sis ts  of twenty fou r se p a ra te  egg cham bers 

a ttached  to a m anifold . A ir fro m  a pump is  p a ssed  th rough  a 20% KOH 

carbon.d ioxide t r a p , into the m anifo ld , so lenoid  valves allow  the a ir  

flow to p a ss  through two egg cham bers fo r  10 m inute p e rio d s  thereby  

flushing a ll  24 cham bers in  a continuous cycle. The carbon  dioxide 

laden  a ir  fro m  the egg cham bers is  co llec ted  in  individual" co llection  

tubes containing 15 m l of ethanol am ine so lu tion ,

3) E x trac tio n  p ro c e d u re s , ■

a) E x trac tio n  of to ta l rad io ac tiv ity  fro m  egg frac tio n s .

Two m ethods w ere  em ployed to re c o v e r  the rad io ac tiv ity  fro m  

the egg frac tio n s , they  a re  the to ta l carbon  m ethod (m odified) of Van 

Slyke and Fo lch  (1940), and a sim p le  d igestion  u tiliz ing  hydroxide of 

hyam ine 10-X a fte r  the m ethod of H erb erg  (1956).

Upon ana ly sis  of the data obtained fro m  both m ethods it  was 

found tha t the la t te r  m ethod w as by fa r  m o re  effic ien t, p robably  due to 

the fac t tha t the sodium  ace ta te  is  highly vo la tile  and w as lo s t  during 

I the. heating  of the com bustion p ro c e ss  and could not be re c o v e re d  in' the



collecting  m edium  em ployed.

The d igestion  w ith hydroxide of hyam ine 10-X w as c a r r ie d  out 

by adding 1 ml. of hyam ine to 0 ,1  m l of the  egg frac tio n  to be analyzed 

and incubated in  the d ark  a t room  te m p e ra tu re  fo r 13 h o u rs . The 

d igestions w ere  allow ed to p ro ceed  in  the sc in tilla tio n  v ia ls  into which 

the sc in tilla tio n  counting m edium  was added d ire c tly  upon com pletion 

of the p ro c e ss .

b) L ipid  ex trac tio n  of in fec ted  and uninfected  yolk sac .

Twelve m l of the  yolk sa c  m a te r ia l  to be analyzed w as added to

100 m l of ethanol: e th e r  (3:1) so lu tion  and m agnetically  s t i r r e d  in  

loose ly  sea led  f la sk s  a t 28 C fo r 18 h o u rs . The ce ll d e b ris  was 

cen trifuged  1 hour a t  LL 000 r 6 p 9 m e # the su p ern a tan t decanted  and the 

sed im en t e x trac ted  w ith 10 m l e thano lre ther (3:1) at 70 C fo r 3 m inu tes, 

and cen trifuged  as above. The la t te r  ex trac tio n  was rep e a te d  un til the 

su p ern a tan t appeared  c le a r . The su p e rn a tan ts  w ere  com bined and 

s to re d  a t  0 C un til needed fo r rad io ac tiv ity  an a ly s is ,

c) E x trac tio n  of p u rified  r ic k e tts ia e .

In both the a c e ta te -U -C ^  and r i b o s e - l - C ^  ex p erim en ts , the 

pu rified  r ic k e tts ia l  suspensions w ere  divided into th re e  equal p a rts  and 

tre a te d  accord ing  to the ex trac tio n  p ro ced u re  outlined in  F ig u re  1, and 

d esc rib ed  below.

1) O n e-th ird  of the r ic k e tts ia l  suspension  w as tre a te d  by a 

m odification  of the m ethod of Ogur et a l . , (1952), The suspension  was



F ig u re  1. Flow - d iag ram s fo r  the ex trac tio n  of pu rified  r ic k e tts ia e .
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rapidly thawed and suspended in 1 m l of 70% ethanol at 4 C for 5 m inutes.

This was centrifuged,at 11,000 r .p .m . for 1 hour at 4 C and the total

p rocess repeated 3 tim es. The supernatant from  this extraction was

designated the alcohol soluble fraction and stored at -60 C.

The sedim ent from  the preceeding step was extracted by r e su s-  

pending in 0 .1  N HCIO^ and 70% ethanol (1:1) for 5 m inutes at 4 C and 

centrifuging at 11,000 r .p .m . for 1 hour. The supernatant was com ­

bined with that of the previous step. .

The sedim ent was extracted in ethanol-ethylether (3:1) for 3 

minutes at 70 C, and centrifuged as before, this extraction was 

repeated 3 tim es. The resu lting supernatant was designated the 

alcohol-ether soluble fraction and stored as before.

The sed'iiment was treated,with 0. IN HCIO^ at 4 C, centrifuged and 

the supernatant stored,,as above.

The Sediment from  the above was treated with IN HCIO^ at 4 C 

for 18 hours and centrifuged as above and the supernatant stored.

The sedim ent was treated with IN HCIO^ at 70 C fo* 310 m inutes, 

centrifuged, repeated 3 tim es and the supernatant stored .

The resulting debris was treated for 18 hours with formamide 

(99%) at room tem perature and stored .

2) One third of the r ickettsia l suspension was treated as follows:

The suspension was rapidly thawed and treated with 3 ml d is­

tilled  water for 18 hours at ,4 C, centrifuged at .11,0.00 r .p . m . rep eated .....
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tw ice and the su p ern a tan t s to re d  a t -60 C.

The sed im en t was tre a te d  with 1 m l of 70% ethanol containing 2 

drops g lac ia l ace tic  acid , boiled fo r 20 m inu tes, cen trifuged , rep e a te d  

tw ice, and s to re d  as above.

The sed im en t w as tre a te d  with fo rm am ide  (99%) fo r .1,8 hours at 

room  .tep n p era tu re , cen trifuged  and s to re d  as above.

3) The rem ain ing  th ird  of the r ic k e tts ia l  su spension  was tre a te d  

with 1 m l of hyam ine fo r 24 hou rs at 37 G and s to re d  at -60 C.

4) D eterm ina tion  of sp ec ific  ac tiv ity  of carbon  dioxide.

An effic ien t m ethod w as needed, to t i t r a te  the am ount of carbon

dioxide co llec ted  in  the ethanol am ine so lu tion  u tilized  in  the sodium  

14a ce ta te -U -C  s tu d ie s . . I?or th is  pu rpose , a m odified application  of 

the m ethod of Glenn et a l, (1955) was se lec ted . '

The t i t r a n t  em ployed was sodium  am ino ethoxide p re p a re d  by 

d isso lv ing  1./25 g. m e ta llic  sodium  in 50 m l ethanol am ine.and  bringing  

the so lu tion  to  250 m l volum e with d im ethy lfo rm am ide. The t i tra n t  w as 

s tan d ard ized  with benzoic acid .

The carbon  dioxide titra tio n s  w ere  c a r r ie d  out by bringing  3 m l 

of the ethanol am ine sam ple  to a 10 m l volum e with d im ethylform am ide. 

The sam ple  was then  t i t ra te d  with the sodium  amino ethoxide solution 

using  th re e  to foiir g ra in s  of thym ol blue as an end point in d ica to r. The 

thym ol blue b reak s  sh a rp ly  fro m  a .pale yellow  to a deep .blue, .
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Known sam ples of calcium  carbonate were assayed by this 

method to determ ine accuracy and was found to be in the 98-99% confi­

dence range. Ethanol amine blanks were also titrated in the same 

manner to determ ine acetic im purities 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 C o ., Phoenix, 

Arizona. The paper was cut to a s iz e  of approximately 12 x 22 cm. 

and chromatography perform ed in one direction only, in tightly sealed  

g lass containers.

a) Solvent.

The solvent employed was the solvent described by Roberts 

et a l . , (1963) and was used to separate the lipids in the alcohol-ether  

fraction of the rickettsiae. The constituents are as follow s.

sec  bu tanol-----------   70 ml

acetic acid       10 ml

water    ----------------------------- 20 ml

b) Reagents.

1) Iodine crysta ls

Iodine crysta ls and the chromatograms were placed in a tightly 

sealed  jar after the method of Smith (1960) and the iodine fum es were 

allowed to penetrate the paper. After three to five m inutes, lipid
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frac tio n s  tu rned  a pale yellow while the p ap er was unco lo red .

2) Phospholipid  reag en t

Phospholip ids w ere  detected  w ith the reag en t of B urrow s, et a l.

(1952) which is  as follow s:

1 g ram  am m onium  m olybdate in  H^O - - —  8 vol.

C oncentrated  HC1  -----------  3 vol.

P e rc h lo r ic  acid  (12N)    ------     3 vol.

A c e to n e ------------ ------------------- - - -  -----  86 vol.

The ch rom atog ram s w ere  p assed  through the reag en t and d ried .

The d ried  ch ro m ato g ram s w ere  exposed to u l tra  v io le t ligh t fo r a pe riod

of 10 to 30 m inu tes. The phospholipid frac tio n  re a c ts  to give a pale

blue co lo r which is  la s tin g , the paper becom es dark  blue but rap id ly

fades upon rem oval fro m  the rad ia tio n  so u rc e .

146) D eterm ination  of C activ ity  of ch rom atog ram  frac tio n s .

The lip id  and phospholipid frac tio n s  iden tified  by ch rom ato ­

graphy w ere  eas ily  and rap id ly  assay ed  fo r activ ity  u tiliz in g  the paper 

s tr ip  counting m ethod of Davidson (1962). The frac tio n s  w ere  located  

on the p ap er and cut out with a ra z o r ,  the  re su ltin g  s tr ip s  w ere 

im m e rsed  in B ray ’s liquid  sc in tilla tio n  m edium  and counted d irec tly .



RESULTS

R e sp ira to ry  C arbon Dioxide Studies 

The r e s p ira to ry  carbon  dioxide fro m  individual eggs was 

co llec ted  u tiliz ing  the carbon dioxide co llec tion  device, d e sc rib ed  

e a r l ie r .  C arbon dioxide was co llec ted  a t 24 hour in te rv a ls  in  9 m l of 

the ethanolam ine so lu tion  p rev iously  m entioned. T h ree  m l of th is  

so lu tion  w ere  added to 15 n il of ethanolam ine sc in tilla tio n  m ix tu re  

and the rad io ac tiv ity  de te rm ined . The daily  accum ulative  carbon 

dioxide to ta ls  have been p lo tted  aga in st tim e (F igu re  2).

T h ree  m l of the ethanolam ine so lu tion  w ere  t i t r a te d  as p re ­

v iously  d esc rib ed  and the daily  specific  ac tiv ity  of the  eggs in jected
14

with sodium  a ce ta te -U -C  was de te rm ined  as counts p e r  m inute p e r 

A t m ole of carbon  dioxide, and plo tted  against tim e (F ig u re  3).

Upon t itra tio n  i t  was found th a t the average  am ount of carbon 

dioxide co llected  v a rie d  le s s  than  0. 02 /A lm ole (accum ulative^ fo r the 

th re e  se ts  of ex p erim en ta l conditions.

It is  evident upon exam ination  th a t the eggs in fec ted  with R .

; typhi dem onstra ted  a m ark ed  in c re a se  in  to ta l activ ity  appearing  in  the 

carbon  dioxide o ver th a t of the con tro ls  (F ig u re  2). The in c re a se  in  

the  spec ific  ac tiv ity  of the in fected  eggs o v e r those of the  con tro ls  is  

m uch m o re  sp e c ta c u la r , approaching 100% on the second day (F igu re  3)i



FIGURE 2„ A com parison  of the cum ulative rad io ac tiv ity  p re se n t 
in  re s p ira to ry  carbon  dioxide fro m  n o rm al eggs, eggs 
in jec ted  w ith s u c ro s e -P . Go, and eggs in fected  w ith 
R ick e tts ia  typhi w ith sodium  a ce ta te -U -C  as a 
su b s tra te .
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FIGURE 3„ A com parison  of the cum ulative sp ec ific  activ ity  ' 
(cpm /X lm ole) of re s p ira to ry  carbon  dioxide fro m  
no rm al eggs, eggs in jec ted  with s u e ro s e -P . G„ s and 
eggs infected  with R ick e tts ia  typhi with sodium  
a c e ta te -U -C ^  as a su b s tra te .
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The cu rves of the un ifo rm  con tro l and the s u c ro s e -P . G. con tro l a re  

v e ry  n e a rly  s im ila r  in  both c a se s .

D istribu tion  of Sodium A c e ta te -U '-C ^  D erived  

R adioactiv ity  in P u rif ie d  R ick e tts iae

Table 1 shows the rad io ac tiv ity  p re se n t in  the v a rio u s  e x tra c ts

of p u rified  R ick e tts iae  obtained fro m  the experim en ts u tiliz in g

14sodium  a ce ta te -U -C  as the su b s tra te . It is  evident th a t the m a jo rity  

of the ac tiv ity  w as p re se n t in  the e th an o l-e th e r so luble  frac tio n  and 

sm a ll am ounts of ac tiv ity  appeared  in  the ethanol so luble frac tio n  and 

the fo rm am ide  (ce ll d eb ris) so lub le  fra c tio n . The am ount of activ ity  

p re se n t in the la t te r  two frac tio n s  w as found to be so sm a ll th a t no 

fu r th e r  a ssa y  w as p o ss ib le , .

L ess  thati 1% of the to ta l activ ity  in troduced  into the eggs was 

re c o v e re d  fro m  the r ic k e tts ia e .

T able 2 g ives the rad io ac tiv ity  p re se n t in  the ethanol -.ether 

frac tio n  obtained from  the above a ssa y  by m eans of ch rom atography , 

which has been  p rev iously  explained.

It w as apparen t fro m  th is  tab le  th a t the ac tiv ity  w as evenly 

d is trib u ted  betw een a lip id  and a phospho -lip id  frac tio n  w ith 10% m o re  

ac tiv ity  appearing  in  the  lip id  frac tio n .
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ACTIVITY DISTRIBUTIONS

TABLE 1

OF RICKETTSIAL CELL FRACTIONS

* 14Sodium aceta te-U -'C  experim en t

F ra c tio n T otal A ctivity  
CPM

D istribu tion
P e rce n tag e s

E thanol 300 20
E th an o l-e th e r 1070 72
Cold 0 .1  N HCIO 
Cold 1 N HCIO. 
Hot 1 N HC104

0
0
0

F orm am ide  (ce ll deb ris) 121 8
Total, r ic k e tts ia l  activ ity 1491 100

TABLE 2

ACTIVITY DISTRIBUTION IN ETHA.NOL-ETHER SOLUBLE 

FRACTION OF RICKETTSIAL CELL EXTRACT AS 

DETERMINED BY CHROMATOGRAPHY

Sodium a ce ta te -U -C  ' experim en t

F ra c tio n T otal A ctivity D istribu tion
■ !'"' CPM P e rce n tag e s

Lipid 58 55

Phospho-lip id 4:8' : '' 45
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14D istribu tion  of Sodium A ceta te -U -C  D erived

A ctivity  in L ipid F ra c tio n  of Yolk Sac

The yolk sac  pools of the infected, and uninfected  egg em bryos 

w ere  e x trac ted  se p a ra te ly  with e th an o l:e th e r (3:1) as p rev iously  

d esc rib ed .

L ipid  extracted, fro m  the in fec ted  yolk sac  contained 25% m ore  

rad io ac tiv ity  in  th is  fra c tio n  than  th a t of the co n tro ls . When th is  

frac tio n  w as chrom atographed , it w as found that 70% of the ra d io ­

activ ity  W9.S in  the lip id  po rtion  and 30% in  the phospholipid portion ,

14D istribu tion  of R ibose-1  -C  D erived  R adioactiv ity  

in  P u rif ied  R ick e tts iae

T able 3 show s the rad io ac tiv ity  p re se n t in  the v a rio u s  e x tra c ts

of pu rified  r ic k e tts ia e  obtained fro m  the experim en ts u tiliz in g  r ib o se -  

141-C  as the su b s tra te . It is  evident tha t no activ ity  ap p eared  in  

th e se  ce lls  un til the ce ll d eb ris  fro m  the e a r l ie r  e x trac tio n s  was 

d igested  with fo rm am ide and assay ed .

Although th is in fo rm ation  was p e rtin en t it  w as deem ed n e c e ssa ry  

to obtain a second po rtio n  of th ese  o rg an ism s and e x tra c t the amino 

a c id s . The re s u l ts  of th is p ro ced u re  a re  lis te d  in  T able  4. The 

ac tiv ity  was d is tr ib u ted  betw een the ELO, hot e th an o l-ace tic  acid , and 

fo rm am ide soluble fra c tio n s . The ac tiv ity  found in  th e se  frac tio n s , 

although sign ifican t, w as found to be too sm a ll fo r fu r th e r  a ssa y , and 

w ill be d iscu ssed  la te r .



TABLE 3

ACTIVITY DISTRIBUTIONS. IN RICKETTSIAL

CELL FRACTIONS

Rii>ose 14H lr  C experim en t

F ra c tio n T otal A ctivity
c p m ' .

D istribu tion
P e rce n tag e s

Ethanol 
E thano l‘-e th e r 
Cold 061 N BCIO,
Cold 1 N HCIO 
Hot 1 N.HC104 
F o rm am ide  (ce ll deb ris) 662

0 
0 

' 0 
0 
0 

100

I

TABLE 4
; : '

, ACTIVITY DISTRIBUTIONS UPON EXTRACTION OF

RICKETTSIAL CELLS FOR AMINO ACIDS
_.............. ....A ... .. .................  :....'............ ................................................................... ...

14Ribose-T-'C experiment 

Fraction Total Activity Distribution
CPM P ercentages

HgO 64 8

Hot ethanol-acetic acid 580 . , .73 . ..

Form am ide (c e ll debris) 154 19

1 .
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14 14C om parison  of Sodium A ceta te -U -C  and R ib o s e - l-C

R adioactiv ity  D istribu tion  in  P u rif ied  R ick e tts iae

Table 5 was com piled in sin a ttem pt to d em o n stra te  the re la tiv e

d is trib u tio n  com parisons betw een r ic k e tts ia l  e x tra c ts  when sodium

a c e ta te -U -C ^  and r i b o s e - l - C ^  w ere  used  as su b s tra te s .

It is  evident fro m  th ese  data th a t th e re  is  a wide sp re a d  in  the

rad io ac tiv ity  betw een the frac tio n s  derived  fro m  the two s u b s tra te s .

14In the o rg an ism s supplied  sodium  ace ta te -U -C  , the m a jo rity  of the

activ ity  ap p ears  in  the e th a n o l-e th e r f ra c tio n  while in  the o rg an ism s

14supplied. r ib o s e - l - C  , the m a jo rity  of the activ ity  appeared  in the 

e th an o l-ace tic  acid  frac tio n . In both case s  th e re  is  a lack  of activ ity  

in  the HCIO^ soluble fra c tio n s .
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.TABLE 5

COMPARISON OP ACTIVITY DISTRIBUTIONS IN

RICKETTSIAL FRACTIONS BY

PERCENTAGES

F ra c tio n  ISOTOPE POOL .
Sodium A c e ta te -U -C -I^  R ib o se - l-C

E thanol 20 0

.E thano l-e ther-..... 72 0

Cold 0 .1  N HC1©4 0 0

Cold 1 N HC104 0 0

Hot 1 N HCIO .4 k 0 0

H2o 0 8

..Form amide (ce ll deb ris) 8 19

E th an o l-ace tic  acid 0 73

I

I



DISCUSSION

The approach  to the study of r ic k e tts ia l  m etabo lism  and its  

effect on the  host, in  re la tio n  to the  su b s tra te s  in troduced , is  at b e st a 

difficult one, and the data  a re  n e c e s sa r ily  d ifficu lt to analyze due to 

the m any com plex contribu ting  fa c to rs .

T his study a ttem pted  to approach  th is  p rob lem  by two m ethods.

a) The a ssa y  of the rad io ac tiv e  byproducts of m etabo lism , 

sp ec ifica lly  carbon  dioxide, in  an a ttem pt to de te rm ine  the  

effect of the p a ra s ite  upon the host, and the h o s t 's  m e ta ­

bo lism  of the su b s tra te  in troduced .

b) A ssay  of rad io ac tiv ity  in  the r ic k e tts ia l  f rac tio n s  to 

de te rm ine  in  what way the p a ra s i te  in co rp o ra te s  the labe l 

in troduced  through the host.

Upon ana ly sis  of the data  co llec ted  in  F ig u re  2 i t  is  read ily  

apparen t th a t the infected  eggs d em o n stra ted  a su b s tan tia lly  h igher , 

rad io ac tiv ity  in  the r e s p ire d  carbon  dioxide. T his m ay be accounted 

fo r in  one of two w ays. E ith e r  m ore  carbon  dioxide was r e s p ire d  by 

the in fec ted  eggs o r  m ore  of the lab e l w as being introduced, into th is  

carbon  dioxide.

If one co n sid ers  th a t the data  obtained from  the carbon  dioxide 

titra tio n s  ind ica te  the am ount of carbon  dioxide is  su b s tan tia lly  the

: 29
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sam e fo r the in fec ted  and uninfected eggss and tha t the specific  

activ ity  data  (F igu re  3) ind icate  tha t m o re  rad io ac tiv ity  p e r  unit of 

carbon  dioxide is  in co rp o ra ted  in  the in fec ted  eggs; then  i t  is  obvious 

that m o re  of the labe l fro m  the su b s tra te  in troduced  is  in co rp o ra ted  

in  the carbon  dioxide r e s p ire d  by the in fec ted  eggs.

When one c o n sid ers  the above data  along w ith the  p rev iously  

m entioned fac t tha t a su b stan tia lly  la r g e r  am ount of rad io ac tiv ity  (25%) 

appeared  in  the lip id  frac tio n  of in fected  yolk sac  o ver th a t of the 

co n tro ls , i t  is  apparen t tha t infection  w ith R, typhi has a m arked  effect 

on the eggs m etabo lism , and a c e r ta in  p a tte rn  of th is  effect begins to 

em erg e ,
i

Since i t  was dem onstra ted  by B erg  (1956; A, B, and C) tha t

ace ta te  is  rap id ly  converted  to acety l co enzym e A (A cetyl Co A) in  the

+2p resen c e  of A T P, Mg ions and Co A, it  is  evident th a t a ce ta te  in  th is  • 

fo rm  lie s  a t the in te rse c tio n  of the tru n k  lin es  of g lyco ly sis , the t r i ­

carboxylic. acid  (TCA) cycle, lip id  m etabo lism , and is  d ire c tly  involved 

in  the glyoxylate cycle (K ornberg and K reb s, 1957),

K ornberg  (1958) d em onstra ted  th a t un iform ly  labe led  ace ta te  

when fed to ce lls  caused  a rap id  appearance  of label in  a ll the in te r ­

m ed ia tes of the TCA cycle , and m any stu d ies  upon lip id  sy n th esis , such  

as those  of Sm edley-M aclean  and H offert (1926), u tiliz ing  th is  su b s tra te  

show a continuous tu rn o v e r of lab e l in  the. lip id  pool.
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In view of the fac t the data showed a h ig h er sp ec ific  activ ity  of 

the carbon  dioxide evolved fro m  the in fec ted  eggs, i t  cannot be 

a ssum ed  that the tr ic a rb o x y lic  ac id  cycle n o r the glyoxylate cycle 

alone a re  re sp o n sib le  fo r th is  r i s e .  I f  th is  w ere  so the specific  

activity , would be equal fo r .a l l  the g roups.

It appeared  th a t ac tiv ity  is  being cycled into th is  sy s te m  in  

som e m anner, in  th is  way m o re  of the carbon  dioxide would be labeled  

without the am ount b e in g .in c re a se d .

The evidence p re sen te d  th a t th e re  is  an apparen t a cc e le ra tio n  

of lip id  sy n th esis  in  in fec ted  eggs could v e ry  w ell explain  the in c re a se  

in  the sp ec ific  activ ity  in  the carbon  dioxide of th ese  eggs. The ox i­

dation of the fatty  acids and the constan t recy c lin g  of th e se  carbon  

so u rc es  into the tr ic a rb o x y lic  ac id  cycle seem s the m o st reaso n ab le  

m ethod fo r added ac tiv ity  being in co rp o ra ted  into the carbon  dioxide.

T his evidence seem ed  m o re  conclusive when one considered  the  

fac t th a t the m a jo rity  of the activ ity  found in  the p u rified  r ic k e its ia e  

w as found in  the lip id  and phospholipid fra c tio n s . This a g re e s  with the

in  vitro, s tu d ies  of B ovarn ick  (I960) when she found a ll of the activ ity  of

■ 14 :a ce ta te -1 -C  fed to re s tin g  ce lls  w as found in  the lip id  frac tio n . The

fac t th a t som e activ ity  was also found in  the p ro te in  fra c tio n  of the 

r ic k e tts ia e  used  in  th is  study d iffe rs  fro m  h e r  data. This was undoubt­

edly due to the d ifference  in  the fac t th a t she stud ied  r ic k e tts ia e  in a 

re s tin g  s ta te  and not in  in tra c e llu la r  m etabo lism .
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■ It m u st also  be considered  th a t the d ilu tioh  of rad io ac tiv ity  in  

re s p ire d  carbon  dioxide, caused  by the sucrose-F „ .G . suspending m edium  

observed  by Beakley (1962) and Swack (1965) was not a fa c to r  in th is  

study. T his would tend  to support the  lip id  hypothesis o ffered  above, 

because  i t  does not seem  reaso n ab le  th a t the su c ro se  o r  the g lu tam ate  

would e n te r  into lip id  condensation p re fe re n tia lly  o r  a t the sam e ra te  

over availab le  ace ta te .

The v a rio u s condensations of ace ta te  and rea c tio n s  of ace ty l 

phosphate can of cou rse  play a ro le  in  th e se  rea c tio n s  but i t  would 

seem  to th is  au thor th a t if  th ese  p layed any m ajo r ro le  o th e r than lip id  

sy n th esis  o r  cycling into the tr ic a rb o x y lic  acid  cycle, th a t th e re  should 

then  be a h igher p ercen tage  of ac tiv ity  appearing  in  the p ro te in  frac tio n  

of yolk sac  and r ic k e tts ia e ,

14The effect of FL typhi upon the m etabo lism  of r i b o s e - l - C  in  

th is study is  m uch m o re  d ifficu lt to analyze, but one fac t is  im m ed ia te ly  

apparen t, the r ib o se  is  not being in co rp o ra ted  into the nucle ic  acids of 

the r ic k e tts ia e  (Table 3).

The r ic k e tts ia e  do in co rp o ra te  a c e r ta in  am ount of the labe l in 

the soluble and inso lub le  p ro te in  fra c tio n s , and possib ly  unidentified  

substances in  the w a te r soluble and ce ll d eb ris  fra c tio n s . T hese 

ob serva tions tend to ind icate  tha t the r ib o se  is  undergoing an in te r ­

m ed iate  m etabo lism  in the  egg. . .
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It has been re p o rte d  tha t r ib o se  is  e as ily  m etabo lized  by m eans 

of the pentose pathway and eventually  cycled into the tr ic a rb o x y lic  acid  

cycle. The substance  "ac tive"  glycolaldehyde is  fo rm ed  in  th is  p ro c e ss , 

but th is  compound does not in co rp o ra te  the labeled  carbon ,

■ The pentose pathw ay can explain  the p re sen c e  of activ ity  in the 

am ino acids of the r ic k e tts ia e . Although the active  carbon  is  re s p ire d  

as COg a fte r  ©C k e to g lu ta ra te  in  the tr ic a rb o x y lic  acid  cycle , condensa­

tions of c itra te , iso  c itra te , and <X k e to g lu ta ra te  could lead  to the 

in co rp o ra tio n  of ac tiv ity  in  the v a rio u s  amino acids and th e ir  in te r ­

m ed ia te s .

V,



SUMMARY

It has been d em onstra ted  th a t in fection  with R ick e tts ia  typhi

causes an apparen t sh ift of ho st m etabo lism  tow ard  in c re a se d

syn thesis  of lip id . C arbon dioxide re c o v e re d  fro m  in fec ted  eggs

14supplied  sodium  a ce ta te -U -C  had a h igher sp ec ific  ac tiv ity  than

that of the controls,, and in fec ted  yolk sac  exhibited a su b stan tia lly

h ig h er ac tiv ity  in  the lip id  frac tio n ,

R ick e tts iae  e x trac ted  and p u rified  fro m  the h ost sy s tem

14in jec ted  w ith a ce ta te -U -C  w ere  frac tio n a ted  and the  m a jo rity  of

the ac tiv ity  appeared  in  the lip id  and phospholipid fra c tio n s .

R ick e tts iae  rec o v e re d  fro m  the  ho st sy s te m  p rev io u sly  in -  

14jec ted  with r ib o s e - l -C  exhibited a lac k  of activ ity  in  the RNA and 

DNA fra c tio n s , although th ese  o rg an ism s did contain sm a ll am ounts 

of activ ity  in  the v a rio u s  amino acids and unidentified  ce ll com ponents.

34
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