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THE RESISTANCE OF MICOPLASMA 
TO ANTIBIOTICS

CHAPTER I  

INTRODUCTION

Th# research  reported in  the  following pages dea ls  with the  

unique a b i l i ty  o f nycoplasaas to  r e s i s t  th e  c id a l a c t iv i ty  o f  a n tib io tic s  

and to  adapt and grow in  th e i r  presence. The question asked i s ;  what 

i s  the  b a s is  fo r  nycoi^Lasmas* re s is ta n c e  to  a n tib io tic s?

C h arac te ris tic s  o f  Mycoplasma

D escription o f I^coplasmas 

C la ss if ic a tio n . The term mycoplasma re fe rs  to  a group o f 

p rokaryotic organisms without c e l l  w alls ooo^rising th e  order 

ttrcoplasmatales in  th e  recen tly  created c la ss  fb l lic u te s  (34). Thus, 

these  organisms, form erly known as PPLO (pleuropneumonia-like organisms), 

now occupy a  rank o f c la s s if ic a tio n  equivalent to  b a c te r ia , blue-green 

a lgae , and the  r ic k e t ts ia  and v iruses (48). The fa c t  th a t  the  m ajority  

o f qycoplasmas contain  s te ro l  in  th e i r  membrane, as do eukaryotes, and 

th e i r  lack  o f  c e l l  w alls stim ulated th e  argument th a t  qycoplasmas 

should be re c la s s if ie d  from the  p la n t kingdom to  the  animal kingdom (50) . 

The fam ily myeoplasaataceae contains two genera th a t  a re  defined ty  

th e i r  s te r o l  growth requirm aents: th e  genus Mycoplasma, which requires

s te r o l ,  and the  genus Acholeplasma. which does not requ ire  s te ro l  fo r



growth. Other d istinguish ing  c h a ra c te r is tic s  among mycoplasma groups 

a re  the  requirement fo r  urea, possessed ty  T -s tra in  nycoplasmas, and 

th e  therm ophilic, acidoph ilic  na tu re  o f  a recen tly  iso la te d  s t r a in  o f 

mycoplasma (26 ) .

Id e n tif ic a tio n . The s t r i c t  req u irm en t an organism must meet 

in  order to  be defined as a  mycoplasma i s  the  a b i l i ty  to  form, on 

so lid  growth medium, colonies w ith  a  " fried  egg" morphology (49) .

This f r ie d  egg appearance o f  the  mycoplamaa colony i s  due to  the  

penetration  in to  the  agar o f a  c e n tra l portion  o f  the  colony th a t  

i s  dense in  mycoplasma c e l ls ,  w ith  le s s  dense growth a t  th e  a g a r 's  

surface surrounding th e  cen tra l growth. W hittlestone (125) d istingu ishes 

umbonate morphology from the f r ie d  egg morphology of mycoplasma: 

umbonate re fe rs  to  colonies w ith ra ised  cen te rs , whereas th e  cen ter 

o f f r ie d  egg colonies grow down in to  the  medium.

Other iden tify in g  cd iarac teristios (43) of mycoplasma a re  th e i r  

extremely sm all s iz e  (discussed below) and the  lack  o f a c e l l  w all, 

which accounts fo r th e  polymorphism o f  ind iv idua l c e l ls ,  th e i r  

s u s e e p t ib i l i^  to  osmotic ly s i s ,  th e i r  re s is tan c e  to  p e n ic i l l in ,  

and th e ir  a b i l i ty  to  squeeze through f i l t e r s  o f  pore s iz e s  sm aller 

than the  c e l l  s iz e  o f  th e  mycoplasma ( 85 ) .  I^coplasma a re  a lso  

in h ib ited  by th e ir  sp e c ific  an tibod ies (33) .

The a w i le s t  fre e - liv in g  organisms. A fasc in a tin g  fea tu re  

o f  nycoplasmas i s  th a t  they a re  th e  sm allest f re e - liv in g  organisms.

The irred u c ib le  amount of DNA required  by a s e lf - re p lic a tin g  organism
o

would appear to  be around 5 x 10 molecular weight ( 3) .  According to  

Haniloff (69) ,  i f  th is  amount o f  DNA were enclosed in  a  u n i t  membrane



with minimal hydration (one gram HgO per gram DNA) th e  re su ltin g  

form would be 0,15  nm in  diameter» th e o re tic a lly  the  sm allest c e l l  

possible* Ihe o ther c e l l  components th a t  should be necessary fo r 

c e llu la r  functions would ra is e  the  s iz e  l im i t  to  0 ,2  nm in  diam eter.

A mycoplasma i s  known th a t  i s  w ith in  a  fa c to r  o f 2 (a fa c to r  of 

approximately 10 in  to ta l  mass) o f th e  th e o re tic a lly  sm allest s ize  

possib le  (68) .  The organism i s  Mycoplasma %). k id .

TJmtted complexity. S im plicity  o f  mycoplasmal s tru c tu re  i s  

re f le c te d  by th e i r  small genome s iz e s  with low G + C content in  

Mycoplasmal DNA ranging from 23 to  41 percent (7 6 ) . DNA o f  Acholeplasma 

species have 30 -  36 percent G + C, mycoplasma species (except fo r  H* 

pneumoniae) have a 23 -  36 percent G + C# and M* pneumoniae* a 

39 to  41 percen t G + C. The T -s tra in  nycoplasmas studied by fiak and 

Blade (2) a l l  had G + C content equal to  about 28 percent* As d e te r­

mined by ren a tu ra tio n  stud ies , s is e s  o f th e  DNA genome a re  in  the  range 
8of 4*2 to  6 ,9  X 10 daltons fo r  ngrooplasma, and around tw ice th a t  s ise

8fo r Aeholeplaamas w ith chromosome weights o f  7*6 to  11*0 x 10 daltons 

(3)* Horowitz, by se ttin g  an average c is trd n  equal to  800,000 daltons 

(estim ated by assuming th a t  an average c is tro n  encodes a p ro te in  of

40,000 molecular weight, and using a coding r a t io  o f DNA to  p ro te in  o f 

20:1) ,  calcu lated  the  number o f c is tro n s  in  mycoplasma to  range from 

600 to  1,000 per c e l l .  This eoaquires w ith about 5>000 c is tro n s  fo r  th e  

genome o f E* c o ll  and po in ts  to  th e  lim ited  ooaqplexity o f  nycojflasma (73 )* 

A demonstration o f  th is  i s  th a t  Mycoplasma sp (Kid) was shown to  have 

only one c is tro n  each fo r  the 16S and 23S rRNA species, and only about 

44 c is tro n s  fo r  tRNA molecules ( 9 9 ) . E, c o li  has 5 c is tro n s , each fo r



i t s  16S and 23S rRNA.

Simple BMabrane. One o ther unique fe a tu re  o f myeoplaama i s  

th e ir  simple ou ter membrane. According to  Basin (8h ) th e  m ajority  o f 

evidence favors a membrane s tru c tu re  o f the  subunit type (43). as 

opposed to  the  model proposed fay D anielll and Davson ( 25)» which suggests 

a bdnoleeular l e a f l e t  o f  l ip id  coated on both sides w ith p ro te in . The 

subunit model fo r  membrane s tru c tu re  consists o f  repeating  lip o p ro te in  

subunits th a t  in te ra c t  among themselves, possib ly  through hydrophobic 

bonding, to  r e s u l t  in  an organised arrangmnent o f u n its  in  a s tru c tu re  

lA idi conqprises th e  memknrane.

S ignificance of lÿcoplasma

Although 14 o f  th e  36 named mycoplasma species in  the  c la ss  

M ollicutes a re  known p la n t o r animal pathogens (33), only one o f them, 

ttreoplasma pneumoniae, i s  known to  be the cause o f  a  human d isease , 

primary a ty p ic a l {Hieumonia. Due to  th e ir  ub iqu itous, a lb e i t  incon* 

spicuous, d is tr ib u tio n  in  na tu re  as normal f lo r a ,  and th e  lack  of 

optimum conditions fo r  th e i r  de tec tio n  (49), mycoplasmes a re  suspected 

of being involved in  more pathogenesis than i s  recognised.

Human c l in ic a l  e n t i t i e s  in  which nycoplasmas have been

suggested to  p lay  a  ro le  a re  include leukemia, periodon ta l d isease , 

rheumatoid a r t h r i t i s ,  autoimmuxie d iseases, and R eiter*s syndrome (&9).

In add ition , th e i r  ever-p resen t th re a t  to  c e l l  c u ltu res  in  th e  form of 

contamination has brought a tte n tio n  to  th e ir  a b i l i ty  to  a l t e r  the  

re s u lts  o f experiments and to  r e s i s t  e lim ination by a n tib io tic  treatm ent. 

The following b r ie f  d iscussion  o f att«gq>ts to  understand th e  pathogenic­

i ty  o f  M. pneumoniae he lps underscore the  p o ss ib le  m anifesta tions o f



BQreoplasoui-host ro la tlo n sh lp a .

Rriaary a ty p ica l pnevMonia. The agent shown to  be th e  

e tio lo g ic a l agent o f primary a ty p ica l pneumonia (13) was determined 

to  be a  ngreoplasma hy Hayflick (4?). The iqmdrone of a ty p ic a l 

pneumonia i s  a lso  associated  w ith v i r a l  e tio lo g ic a l agents such a s  

in flu en ta  A, adenoviruses, 6 v iru s , parainfluensa type 3» re s p ir ­

a to ry  aynqytial v iru s . The mycoplasma pneumonia disease caused by 

Mycoplasma pneumoniae can be d istingu ished  by th e  production o f  cold 

agg lu tin in  an tibod ies produced in  th e  host (81).

The prevalence o f  re sp ira to ry  d isease caused by Mycoplasma 

pneumoniae has brought about a concerted e f fo r t  to  discover th e  mechanism 

o f pathogenesis o f  th i s  mycoplasma.

Autopsies o f  f a t a l  cases have dononstrated th a t  th e  c i l ia te d  

re sp ira to ry  epithelium  i s  th e  ta rg e t  o f  the  d isease  (79). Kiwever, since 

th e  d isease  i s  usua lly  se lf- l im itin g  (30) ,  observation o f human lung 

m ateria l i s  ra re ly  a v a ilab le . Therefore, severa l h o s t-p a ra s ite  systems 

have been designed. One o f  them involves the  in te ra c tio n  between 

M. pneumonia and the  ery throcy te , producing hemolysis (15) shown by 

Sonerson to  be caused by production o f  a  peroxide (115) • The existence 

o f a c e l l  attachment phenomenon was shown by th e  adsorption o f & 

pneumonia colonies to  erythrocytes (29) and th e  development o f  th e  

d ire c t  hemagglutination reac tio n  by Feldman and Suhs (57). I t  was 

subsequently ^ w n  by Sobeslavsky e t  (114) th a t  M. pneumoniae 

attacshes to  neu rudn ic  acid  recep to rs o f various c e l ls .  The combination 

o f  peroxide secre tion  and host cell-a ttachm ent may be im portant d e te r­

minants o f th e  v iru lence o f  M. pneumoniae (17). That such a mechanism



i s  not th e  only one to  be considered in  pathogenesis i s  ind icated  from 

re s u l ts  demonstrating no q u a n tita tiv e  d ifferences in  peroxide production 

in  a v iru le n t and an a v iru len t s t r a in  o f  M. pneiaaoniae (18).

Another qystem th a t  has been very u se fu l in  studying the  patho* 

genesis o f a ty p ica l pneumonia i s  the  trachea o f  e ith e r  th e  human or 

hamster in  organ cu ltu re  (18, 20). Tracheae Aram both sources show 

th e  in te rfe rence  o f ^  pneumoniae w ith normal c i l i a r y  a c t iv i ty  and 

e p ith e l ia l  damage which includes d isrup tion  of th e  term inal b a rs , eaqios- 

ing  the  trach ea l lumen to  the  in te rc e llu la r  space. Woodruff e t  a l .

(126) o o rrrïa ted  th e  cessation  o f hamster trac h ea l c i l i a r y  beating with 

th e  number o f  M. pneumoniae organisms p resen t, and a ls o , in  e lec tro n  

microscope s tu d ie s , noticed a marked increase  in  th e  number o f  ly so - 

somes in  macrophages. The a lte re d  forms o f  many o f  the  lysosomes 

suggested ingestion  o f H. pneumoniae. In  human trach ea . C o llie r and 

Clyde (19) noticed th a t  spec ia lised  s tru c tu re s  o f H, pneumoniae a re  

involved in  the  attachment s i t e  to  the ta rg e t  c e l l  membrane. The 

sp ec ia lised  s tru c tu re  contains an e lec tron  dense co re  surrounded by 

a  c le a r  sone and bound by the  organism*s membrane (16). A sim ila r 

e lec tro n  dense "term inal s tru c tu re "  has been described in  H. 

R allisepticum ,idiich i s  thought by M uiiloff (68) to  be the  region 

containing the  growing p o in t fo r  DNA re p lic a tio n  in  th a t  organism.

In  attem pting to  recognise pathogenicity  m arkers, in v estig a to rs  

have a lso  eoqploited th e  f a c t  th a t  M. pneumoniae tends to  lo se  i t s  

v iru lence  iAen subcultured using so lid  o r liq u id , c e l l - f r e e  medium 

(23,109). In  ad d ition , Lipaan and Clyde (63) were ab le  to  reverse  

th e  phenomenon Wien they res to red  an a ttenuated  s t r a in  to  fUU



v iru lence  by 8 successive in tra n asa l passages in  hamsters. I t  was 

a lso  shown (64) th a t  of th e  c h a ra c te r is tic s  monitored (growth, 

g ly co ly sis , p ro te in  e lec trophore tic  p a tte rn s , peroxide formation, 

morphology and cytadsorption) changes in  only two c h a ra c te r is t ic s , 

morphology and cytadsorption (adhesion o f the  qycoplasma c e l l  to  a 

ta rg e t  c e l l ) ,  could be co rre la ted  with t o t a l  loss o f v iru lence. Both 

v iru le n t  and attenuated  s t r a in s ,  \dien examined by l ig h t  microscopy, 

showed smooth, re f ra c tU e , spherica l c lu s te rs  up to  400 nm in  diam eter, 

w hile the  two completely a v iru le n t s t r a in s  showed c lu s te rs  o f organisms 

th a t  were sm aller, amorphous, granular and n o n -re fra c tile . These s tra in  

d iffe ren ces  could not be seen by e lec tron  microscopy. Also, they were 

s ta b le  and may represent m utations. Other possible explanations fo r  the 

pathogenicity  o f M. pneumoniae in fec tio n  include mechanical in te rfe ren ce  

w ith  normal beating of the  c i l i a ,  d isturbance of the  surface charges 

necessary fo r the  synchronization of c i l ia r y  notion, n u tr i t io n a l  

depriva tion  o f host c e l ls  due to  competition for m etabolites or 

membrane in ju ry , and c e l l  damage, caused by antigen-antibody-complement 

reac tio n s  a t  th e  surface o f  e p ith e l ia l  c e l l s  th a t a re  associated  

w ith in fec tin g  nycoplasma (19, 21, 125) .

Animal and p lan t d iseases . In addition to  the  th re a t o f 

mycoplasma in  the  area of human d isease , nycoplasmas cause a g rea t 

d e a l o f  economic lo ss  as e tio lo g ic a l agents of animal and p lan t d iseases. 

In  anim als, the  major d iseases a re  contagious bovine pleuropneumonia 

(CBPP), contagious caprin pleuropneumonia (CCPP), and contagious 

agalactia o f sheep and goats. These d iseases are caused by (respective­

ly )  K. nycoides var mycoides. M, nycoides var capri and K  a g a lac tia
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(22). l^copXasna in fec tio n s most frequen tly  involve the  re sp ira to ry  

and, to  a le s s e r  ex tent, th e  u rogen ita l system of anim als.

In p la n ts , over 50 d isorders classed  as "yellows'' d iseases 

a re  suspected o f having a mycoplasmal e tio logy . These d iseases a re  

transm itted  by in se c t vectors and in  p la n ts  a re  characterized  by 

yellowing o f th e  leaves, phyllody and virescence o f flow ers, general 

s tun ting  and p ro life ra tio n  o f a x illa ry  shoots (28). In  two yellows 

d iseases, com  s tu n t d isease and mulberry dwarf d isease , evidence 

based on e lec tro n  microscope studies and suppression o f the d isease  

by te tra c y c lin e  has led  to  th e  hypothesis th a t  these d iseases a re  

caused Toy nycoplasmas (28, 31). Based on the  observation th a t  yellows 

d iseases resemble g ibbere lic  acid  (a p la n t growth-promoting substance) 

defic iency  and the  report th a t  symptoms of com s tu n t d isease can be 

p a r tly  reversed by the app lica tion  o f g ibbere lic  ac id  (70), Lemcke 

has suggested a pathogenic mechanism (6l  ) .  Since p la n t g ib b e re llin s  and 

s te ro ls  share a common biosynthetic  pathway from a c e ta te  to  fa rn esy l 

pyrophosphate (6 ) ,  s te ro l-req u irin g  mycoplasmes could possib ly  dep le te  

a host p lan t o f necessary interm ediates fo r  g ib b e re llic  acid sy n th esis . 

Hendrikson and Smith (51) have shown th a t  among mycoplasmes th e re  are  

a t  le a s t  two types of pathways, as represented by A. la id la w ii, B and 

avian s tr a in  J ,  th a t  possess the b iosyn thetic  step  in  g ib b e re llic  acid 

syn thesis th a t  converts isopentylpyrophosphate to  J^ .yC ii-m ethylally l 

pyrophosphate.

Tissue cu ltu re  contamination. The frequency o f t is s u e  cu ltu re  

contamination over a ten  year period ending in  1971 ranged from 12 to  87 

percent o f th e  cu ltu res te s te d  ( l l 6 ) . hÿcoplasmas in  c e l l  c u ltu re s  have



caused biochemical dianges in  h o s t-c e ll  metabolism, a lte re d  c e l l  growth 

and morphology, karyologie changes, and e ffe c ts  on v i r a l  syn thesis ( 116) ,  

Mfooplasmaff requirements fo r  nucleic  acid  precursors and amino ac id s , 

p a r tic u la r ly  a rg in ine , a re  a probable cause fo r  most o f  the  e ffe c ts  seen 

in  t is s u e  c u ltu re . Requirements fo r  nucleic acid  precursors can be met 

try 5upplyi%% the  f re e  bases, nucleosides, o ligonucleo tides, DNA o r RNA, 

depending on the  mycoplasma involved (83, 88, 89 end 90 ) .  %rcoplasmas 

a re  known to  possess nucleases whidi provide th e i r  c a p a b ility  to  

u t i l i s e  nucleic  ac id  polyzw s (75* 82, 91). The most im portant amino 

acid  dep le tion  lead ing  to  c e l l  changes o r death  in  t is s u e  cu ltu res i s  

th a t  o f  a rg in ine . Nonfermenting s tra in s  o f mycoplasma u t i l i s e  la rg e  

amounts o f  arg in ine  as a major energy source ( 100) .  ih e  pathway respon­

s ib le  fo r  arg in ine degradation in  mycoplasma i s  the  a rg in in e  dihydrolase 

pathway (5) and th e  end products o f the  pathway are  o rn ith in e  and one 

mole o f ATP per mole o f  arg in ine (100). M. hominis. 14 percent o f 

the  so lub le  p ro te in  o f  c e l l  e x tra c ts  consisted of ensymes o f  th e  

arg in ine dihydrolase pathway. A sp ec ific  e f fe c t  o f  a rg in ine  dep letion  

by mycoplasmes has been observed in  th e  re p lic a tio n  o f adenoviruses (97 ), 

An arg in ine  dependm t step  appears to  occur in  the  assembly o f the  v iru s  

and involves a component o f a v iru s  capsid an tigen , c a lle d  P antigen 

( 98 ) . X close mycoplasma-cell association  i s  requ ired , in  many in ­

stances, fo r  v i a b i l i ^  o f contaminating mycoplasmas which in d ica tes  

nycoplasmas have mechanisms fo r deriving n u tr ie n ts  from th e i r  h osts  

th a t  a re  not supplied  by the  oe ll-fpee  t is su e  cu ltu re  medium (117) .  

Another r e s u l t  o f  th e  assoc ia tion  of nyeoplasmas w ith t is s u e  cu ltu re  

c e l ls  i s  the  probable ro le  i t  plays in  p ro tec ting  mycoplasma from
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the action o f an tib io tics and sp ec ific  antisera (5 , 32).

A ntib io tic  Resistance of 
Hrcoplasaas

ttrcoi^Asmas ^  vivo 

In  man. The unique a b i l i ty  o f  qyeoplasoas to  r e s i s t  e rad i­

ca tio n  hy chemotherapy i s  most d ram atically  demonstrated by M, 

pneumoniae in fe c tio n  and i t s  trea tm m t. Although the  ^  v itro  

s e n s i t iv i ty  of t h i s  nyeoi^sm a to  te tr a ç y d in e  and erythromyoin i s  

g rea t (30) ,  these a n tib io tic s  f a i l  to  e rad ica te  M. pneumoniae from 

p a tie n ts  su ffering  from a ty p ica l pneumonia. Tetracycline may shorten 

th e  c l in ic a l  course of the  d isease , bu t i t  ne ither cures th e  syiqptoms 

com pletely, nor abolishes th e  c a r r ie r  s ta te  (104). fialassarian  and 

Robbins (4) found th a t desp ite  th e rap eu tic  doses of te tra c y c lin e , many 

p a tie n ts  harbored the  nycoplasmas four to  s ix  weeks. K  pneumoniae 

cu ltu red  before and a f te r  a n tib io tic  therapy had the same s e n s i t iv i ty  

to  th e  te tra c y c lin e . Tetracycline d id  n o t eradicate the  organism from 

th e  th ro a t, decrease the  frequency o f  i t s  iso la tio n , o r shorten th e  

length  o f th e  c a r r ie r  s ta te .  Thus, although the morbidity o f  ^  

pneumoniae in fec tio n s  i s  e ffe c tiv e ly  reduced by treatm ent w ith t e t r a ­

cycline  and erythronycin, since the  nycoplasmas a rerno t e rad ica ted  by 

these  a n tib io tic s ,  a n tib io tic s  cu rre n tly  availab le  do no t seem to  be th e  

answer to  co n tro llin g  these  in fec tio n s  (30),

Other r e s u l ts  concerning th e  response o f mycoplasma in fec tio n s  

in  man to  a n tib io tic  therapy involves th e  treatm ent of nongonococcal 

u r e th r i t i s .  The e tio lo g ic a l ro le  o f T -s tra in  nycoplasmas i s  suggested
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by th e  f a c t  th a t erythrongrcin treatm ent i s  successful in  p a tien ts  w ith 

nongonococcal u r e th r i t i s  and th i s  can be co rre la ted  w ith  th e  s e n s it iv i ty  

o f  T -s tra in s  to  erythromycin. In  such p a tie n ts . T -s tra in s  cannot be 

Iso la te d  from p a tie n ts  successfu lly  tre a te d , but when th e  a n tib io tic  

treatm ent f a i l s ,  T -s tra in  qyeo^dasnas can be iso la ted  (39). The 

l a t t e r  instance suggests th e  existance o f  T -stra in  v a ria n ts  r e s is ta n t  to  

th e  a n tib io tic  used in  the  treatm ent. In  con trast to  r e s u l ts  o f 

a n tib io tic  therapy fo r  ^  pneumoniae in fec tio n , e rad ica tio n  of T- 

s t r a in s  has been demonstrated in  cases where men and woman were tre a te d  

w ith te trac y c lin e  (105). M> hominis a lso  has been iso la te d  trom p a tie n ts  

w ith nongonococcal u r e th r i t i s ,  bu t th is  mycoplasma i s  r e s is ta n t  to  

erythromycin, showing th a t  nycoplasmas vary in  th e i r  s e n s i t iv i t ie s  

to  a n tib io tic s  (106).

Di animals. Numerous exanples e x is t  o f mycoplasmal in fec tio n s 

in  animals th a t r e s i s t  e rad ica tio n  by a n tib io tic  trea tm en t. In fec tious 

sy n o v itis  in  chickens and tu rkeys i s  caused by M. synoviae and re s u l ts  

in  swollen jo in ts , bursae and synovial sheaths, splenomegaly and an 

enlarged, discolored l iv e r  (12). Feed containing ch lo rte tracy o lin e  

w il l  prevent the  development o f  new cases o f in fec tio u s  synovitis as 

long as i t  i s  adm inistered, b u t th is  treatm ent can n e ith e r  cure diseased 

b ird s  nor erad ica te  th e  organism from affec ted  b ird s  ( 36) .  M/coplasma 

gallisep ticum  which causes chronic re sp ira to ry  d isease  in  chickens and 

tu rkeys, i s  se n s itiv e  to  many a n tib io tic s . Athough a n tib io tic  treatm ent 

a lle v ia te s  the symptams o f th e  d isease, th e  mycoj^smas a re  not elim ina­

ted  and th e  b irds a re  suscep tib le  to  recurrence and th e  c a r r ie r  s ta te  

( 36) .  However, treatm ent o f  eggs carrying M. gallisep ticum  with Tylosin
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r e s u l ts  in  eUmln&tion of the  a b i l i ty  o f th e  eggs to  transm it th e  

in fec tio n  (&2). F ina lly , treatm ent of very  early  c l in ic a l  cases o f 

acute s y n o v it is -a r th r i t is  in  swine — caused ty  K. granularum — 

with e i th e r  Tylosin o r lineonycin usua lly  a lle v ia te s  d isease  syo^toms* 

Treatment i s  u su a lly  not s a tis fa c to ry , however, i f  begun l a t e r  than  

72 hours a f te r  th e  f i r s t  ^nnptoms (121).

Mycoplasmas ^  v i tro  

Mycoplasma* in  ««n c u ltu res . Mfcoplasmas have been elim inated 

trca  c e l l  c u ltu res  iy  treatm ent w ith kanaaycin, te tra c y c lin e s , ty lo s in , 

erythromycin and lineonycin (116). However, in  add ition  to  th e  a b i l i ty  

o f mycoplasmas to  develop re s is tan c e  (80), the  observation o f mycoplas- 

m a-like forms by e lec tro n  microscopy in  t is s u e  cu ltu res supposedly cured 

o f mycoplasma w i ^  te trap y c lin e  (52) in d ic a te s  the f a i lu re  o f a n tib io tic  

treatm ent o f mycoplasmal contamination. Cross e t  (2^) were unable 

to  c u ltu re  mycoplasma from th e i r  tis su e  cnLture system follow ing 

treatm ent w ith aureonyein, but succeeded in  iso la tin g  th«a  from d is ­

rupted c e l l  p e l le t s .  Such re s u l ts  in d ic a te  an extremely c lose  a sso c i­

a tio n  o f mycoplasma with c e lls  — perhaps an in tra c e l lu la r  a sso c ia tio n  — 

idiich con tribu tes g rea tly  to  nycoplasmas* res is tan ce  to  conq>leta elim­

in a tio n  by a n tib io tic  treatm ent. Except fo r  instances where mycoplasmas 

have been observed in  cytoplasmic vacuoles, or free  in  th e  cytoplasm of 

n ecro tic  c e l ls  0-27 ) ,  most e lec tro n  microscopy stud ies give evidence fo r 

an e x tra c e llu la r  attachment of th e  mycoplasma to  the  c e l l  membrane ( I I 6 ) .  

I t  i s  a lso  possib le  th a t  cytoplasmic extensions of c e l ls  surround nyco­

plasmas and a n tib io tic s  are unable to  e s ta b lis h  contact w ith th e  nyeo- 

iJasma in  i t s  sequestered environnait (38). Another suggestion i s  th a t
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BQreoplasmas th a t a re  able to  form mlcroeolonies on a  p a r t ic u la r  c e l l  

surface might allow p ro tec tion  fo r  c e l ls  in  the  center o f th e  micro- 

colozQT. Also, a  mycoplasma* s  s e n s i t iv i ty  to  an a n tib io tic  could be 

re la te d  to  i t s  r a te  o f metabolism; the  slower the  metabolism, th e  le s s  

se n s itiv e  to  th e  a n tib io tic  (86  ) .

Cell-Aree cu ltu res o f  mycoplasmas, Ih broth cu ltu res  con­

ta in in g  20 percent horse serum, Jao and Finland (5^) determined th e  

su s c e p tib il ity  o f  5 s tra in s  o f  M. pneumoniae to  21 commonly used 

a n tib io tic s .  The 5 s tra in s  were a l l  s im ila r in  th e i r  response to  th e  

a n tib io tic s .  Erythromycin was d istinguished  as being th e  most p o ten t 

a n tib io tic  in  terms o f both growth in h ib itio n  and myeoplasmaeldal 

a c t iv i ty .  From an i n i t i a l  t i t e r  o f  around 1.0 x 10^ colony forming 

u n its  per ml, lO ^g/m l o f  erythromycin in  the  cu ltu re  re su lte d  in  

complete myeoplasmaeldal a c t iv i ty  w ithin  6 hours. As expected, 

p e n ic il l in  was in e ffe c tiv e . Cephaloridins, cepbalothin and polymixih B 

were in h ib ito ry  only a t  high concentrations. Oleandomycin, 7 analogues 

o f te tra q y c lin e , chloramphenicol, 3 glycoside a n tib io tic s  (streptom ycin, 

gentamicin, and kanamydLn) and linoomycin were a l l  myeoplasmaeldal in  

concentrations o f 12. 5^ / m l  or l e s s .  D im ethylchlortetraeyeline and 

te tra c y c lin e  were th e  most e ffe c tiv e  and c h lo rte trae y c lin s  th e  le a s t  

a c tiv e  o f  th e  te tracy c lin es  te s te d . The minimal in h ib ito ry  (H .I.C .) 

and minimal c id a l (M.M.C.) concentrations o f ch lo rte tracy o lin e  were 

g rea tly  increased as th e  inoculum size  increased. The M.I.C, and M.M.C. 

o f te tra c y c lin e  were moderately increased and, o f erythromycin, unaf­

fec ted  over the  same 10, 000- fo ld  range o f inoculum te s te d . Erom these  

data  th e  co rre la tio n  can be made th a t  increased a c t iv i ty  o f a n tib io tic
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action  i s  associated with lack o f influence by th e  number o f organisms 

in  the  c u ltu re . At low concentrations (2 .5^ / m l  o r le s s )  th e  a c t iv i ty  

o f  the  te trac y c lin es  i s  p rim arily  nycoj^sm a s t a t i c .  In  o ther stud ies 

w ith pneumoniae. Larin e t  a l .  (60) observed th a t  the amount o f serum 

in  the  c u ltu re  can determine whether the nature  o f the  a c t iv i ty  of 

oxy tetracycline , te trac y c lin e  o r m ethaqrdine w il l  be s t a t i c  o r c id a l.

The normal 20 percent (v/v) horse serum allowed only mycoplasmaeidal 

a c t iv i ty  by 2 . 5 ^ / n l  o f te t r a ç y d in e .  When horse serum was reduced 

to  1 percen t in  the  broth c u ltu re , mycoplasmacidal a c t iv i ty  was observed 

with m atha^reline as the  most c id a l  o f  the  analogues te s te d .

In  the  search fo r chemotherapeutic agents a c tiv e  against myco«* 

plasma a broad spectrum o f in h ib ito ry  substances have been te s te d . Auro- 

thiom alate in h ib its  the  growth o f  some nycoplasmas a t  concentrations 

o f 16 to  128 yg/m l (93 ) . A ntiprotozoal agents found to  be in h ib ito ry  

to  some mycoplasmas include th e  follow ing: quin ine, chloroquin d i­

phosphate, a tab rine , ethidium bromide, prothidium bromide, and an tryc ide , 

Acholeplasma la id law ii growth can be Inh ib ited  by s te ro id  in h ib ito rs  th a t  

most l ik e ly  in te rfe re  with carotenoid biosynthesis Wiioh shares in  p a r t  

th e  s te ro l  b iosynthetic  pathway. Such in h ib ito rs  include benzaaleeene, 

tr ip a ra n o l, fam esen ic  ac id , vanadium tr ic h lo r id e , tolbutam ide, g e ran io l, 

and fa m e so l (113). Experiments by Braun e t  a l .  (7) demonstrated the  

d if f e r e n t ia l  s u s c e p tib il it ie s  among mycoplasma s tra in s  to  a n tib io tic s . 

Erythromycin was more ac tiv e  a g a in st T -stra in s than ag a in st H. hominis 

o r M. ferm entans. Linoomycin, olindanycin, and n itro fu ran to in  had 

g rea ter a c t iv i ty  against M. hominis and M, fermentans than  against 

T -s tra in s .
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Resistance mechanisms. Investiga tion  o f  mechanisms respon­

s ib le  fo r  mycoplasmes* re s is tan ce  to  a n tib io tic s  i s  sorely  lacking.

The evidence th a t  has been gathered indicated, a  d<adnant ro le  fo r  th e  

mycoiAasmal membrane. Schwarts and Perlman (102) showed th a t  poiy- 

u rid y lic  acid  d irec ted  c e l l - f r e e  p ro te in  syn thesis  by ribosomes from 

te tra c y c lin e  r e s is ta n t  A. la id la w ii. B c e l ls  was se n s itiv e  to  te t r a ­

cycline . Subsequent s tu d ies  on th e  res is tan ce  o f severa l s tra in s  o f 

mycoiÿlasma to  chloramphenicol, dihydro streptomycin and te tra c y c lin e  

indicated  th a t  reduced uptake o f th e  a n tib io tic  was involved ra th e r 

than sp e c if ic  degradation o f th e  a n tib io tic  (41 ) ,

P o ten tia l mechanisms include mutation to  re s is tan c e  of the 

primary ta rg e t  of th e  a n tib io tic . The a b i l i ty  o f mycoplasmes to  mutate 

has been es tab lish ed . Steinberg has obtained mutants o f M, pneumoniae 

which a re  ab le  to  grow a t  32-34 C, but not a t  40-42 C (119). N itro- 

soguanidine (NTC) was used ly  Steinberg to  induce the  m utations, and 

NTG has a lso  been used to  obtain  mutants c o n s titu tiv e  fo r  th e  inducible 

ensyme glueosidase (108), Mutants r e s is ta n t  to  a n tib io tic s  have a lso  

been reported  (58» 6? ) ,  So f a r ,  however, most mutations in  mycoplasma 

are  e ith e r  unstab le , o r have no t been w ^  characterized  w ith regard 

to  the  m utational a l te ra t io n  (69).

% e p o s s ib i l i ty  e x is ts  th a t  mycoplasma plasmids carry  

re s is tan c e  fac to rs  s im ila r t e  th e  RTF plasmids o f b a c te r ia . Extra 

Chromosomal DNA molecules have been observed in  M. a r th r i t id i s  

(44, 73) and A. la id la w ii .  B (2?, JZ) and could rep resen t plasmids.

In  ad d itio n , v iru ses have been iso la te d  from A. la id la w ii. B (65) 

which gives fu rth e r  weight to  th e  evidence th a t  functioning plasmids
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e x is t  in  mycoplasma.

Plan of th e  D isserta tion  

The ob jec tives o f the  work presented in  th is  d is se r ta tio n  

are  to  ch arac te rise  the response o f mycoplasma to  selec ted  a n tib io tic s  

and to  attem pt to  understand the  b asis  fo r  th e  responses observed. The 

experim ental approach involves measurements o f labeled  u rid in e  incor­

poration  in to  acid inso lub le  m ateria l and o f growth as determined by 

v iab le  counts in  order to  determine responses to  RNA synthesis inhib­

i to r s  o f  cu ltu res  o f uycoplasma. Two t ^ c i e s  o f mycoplasma were used, 

Aeholeplasma la id la w ii. A and Mrcoplasmi o ra le . The RNA synthesis 

in h ib ito rs  used were rifam pin, rifam ycin SV, strep to lyd igan , s tre p -  

to v a r ic in , s te f f is y e in , and l<XBofhngin. A major emphasis o f th i s  

research  was to  examine the  response of A. la id la w ii . A to  rifam pin. 

Some o f th e  r e s u l ts  to  be presented here have a lso  been presented a t  

th e  Meeting o f  the  American Society fo r  Microbiology, April 1972, 

in  Minneapolis, Minn.



CHAPTER I I  

MATERIALS AND METHODS

Ifireoplaam» S tra in s

Aeholeplaama la id la w ii. A la id la w ii. A) PG-8, ATGG #23206 

was obtained tram Leonard HayfUek, az«l Mycoplasma o ra le . I  ATCC #15539 

was obtained from the American Tÿpe Colture C ollection , Rockville, 

Maryland.

Mycoplasma were maintained In  stock as frozen (-96 C) 2.0 ml 

samples o f log phase organisms In  PPLO broth  c u ltu re . The PPLO broth 

co n stitu en ts  d iffe red  fo r  A. la id la w ii. A and M. o ra le  and are  described 

below. Upon thawing, the  t i t e r  o f A. la id la w ii. A was approximately
O

2.0  X 10 colopy forming u n its  per ml (CFU/mL).

Samples o f a growing cu ltu re  o f  M. o ra le  I ,  taken a t  two 

d if fe re n t  tim es during th e  In te rv a l when tu rb id ity  was Increasing 

were frozen . This procedure Insured th a t  stock cu ltu res  contained 

h ea lthy  c e l ls .

Media and Reagents 

Media

PPLO medium. PPLO b ro th , containing serum and 10 percent (v/v) 

fre sh  y e as t e x trac t as supplements, was prepared e s se n tia lly  as described 

by H ayflick (47), using a commercial dehydrated medium (Bacto-PPLO

17
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b ro th ) , w ith the  following m odifications. Whan used fo r cu ltu re  o f  

A. la id la w ii .  A, th e  serum supplément was 10 percent (v/v) ra th e r  than  

20 percen t. The usual 20 percent serum supplement was used fo r c u lt iv a ­

t io n  o f  M. o ra le ; In add ition , the  medium was supi^emented w ith 0 .5  

percent arginlne-HCl and 0.5  percen t glucose, and phenol red  was 

included as  described below vihmn M. o ra le  was cultured .

PPLO broth medium, containing 10^ u n its  per ml potassium 

p e n ic i l l in  G and 0.001 percent thallium  a ce ta te  (f in a l concentrations 

in  the  medium) was prepared as fo llow s. Dehydrated PPLO broth was 

rebydrated by disso lv ing  21.0 g in  1 1 ; to  th is  was added 100 ml o f  

25 percen t Arosh yeast ex trac t and 0 .5  ml o f  a  2 percent (w/v) so lu tio n  

o f  th a lliu m  a ce ta te , and the  so lu tio n  was autoclaved fo r  15 minutes a t  

121 C. A fter cooling, the medium was supplemented with 100 ml o f 

gamma-globulin-free thawed horse serum and 1 .0  ml o f a s t e r i l e  so lu tio n  

o f  potassium p e n ic il l in  6, 10 un its /m l to  give a f in a l  concentra tion  of 

10^ u n its /m l. When required phenol red was added a se p tic a lly  to  th e  

s t e r i l e ,  supplemented medium to  a f in a l  concentration o f 0.002 percen t 

from a stock  so lu tion  o f  0 .5  percen t phenol red . PPLO agar p la te s  were 

prepared by adding 14 g / l  o f  agar p r io r  to  autoclaving.

Casitone medium. Casitone broth consisted o f 20 g dehydrated 

cas ito n e , 10 g dehydrated commercial yeast e x trac t, and e ith e r  2 .5  g or

5.0 g N ad  a l l  d issolved in  1 1 o f  doubly d i s t i l l e d  w ater. Thallium 

a ce ta te  was added as described above fo r  PPIX) broth. The pH was ad justed  

to  8 .0  w ith  NaOH p r io r  to  s te r i l i z a t io n .  The broth was autoclaved , 

cooled, and glucose was added from a s t e r i l e  25 percent stock so lu tio n  

to  give a  f in a l  concentration o f  0 .5  percent glucose. P e n ic illin  G was
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added as described fo r PPLO broth , Casitone agar was prepared by 

adding 14 g / l  agar to  th e  broth p r io r  to  autoclaving. Where ind ica ted  

in  R esults, serum was added (10 percen t, v/v) subsequent to  autoclaving 

and cooling o f  the  medium.

Soy peptone»yeast ex trac t (SP-YS) medium. SP-YE bro th  (14) 

was prepared s im ila rly  to  casitone medium except th a t  glucose was not 

added, and th e  s a l t  concentration was always 0 .5  percent. • The broth 

was prepared by adding 20 g dehydrated soy peptone, 10 g dehydrated 

yeast e x tra c t, and $,0  g N ad in  1 .0  1 water. Thallium a ce ta te  and 

p e n ic il l in  G were added as p rev iously  described. SP-YE agar was prepared 

by adding 14 g / l  agar to  the  broth p r io r  to  autoclaving. Where ind ica ted  

serum was added (10 percent v/v) subsequent to  cooling the  autoclaved 

medium.

NIH agar medium. This medium, used fo r monitoring cu ltu res  

fo r  contamination, was prepared by adding the dehydrated medium to  

water as d irec ted  on the  b o ttle .

Sabouraud agar medium. This medium was used to  monitor fo r  

fUngal contamination and was prepared by rehydrating the powdered 

medium as per d ire c tio n s  on the  b o t t le .

25 percent fresh  y east e x tra c t . Dried fleischmann* s y east 

(Saccharonyces c e rev is ia e , 250 g) was added to  1.0 1 doubly d i s t i l l e d  

water and brought to  a b o i l .  The bo iled  mixture was centrifuged a t  

10 thousand rpn. (16,300 x g) fo r 45 minutes a t  4 C in  a Sorvall RC2-B 

cen trifuge . The supernatant was adjusted  to  pH 8 .0  with 2N NaOH and 

autoclaved fo r  15 minutes a t  121 C. The yeast e x tra c t was again  

centrifuged as before , and the  n o n -s te r ile  supernatant was dispensed
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in to  50 n i  p la s tio  containers and sto red  frozen a t  -20 C. The 25 

percen t fresh  y east e x tra c t was thawed and added to  medium, p r io r  to  

autoclaving.

Reagents

D ilution b u ffer. D ilution b u ffe r consisted  o f 0.9  percen t N ad 

p lus 0.02 M T ris b u ffe r , pH 8.0 in  doubly d i s t i l l e d  w ater. The d ilu tio n  

bu ffer was s te r i l iz e d  and supplemented with 10*̂  un its/m l o f  potassium 

p e n ic i l l in  G.

Tris-m aleate (TM) b u ffe r. TM buffer (1) consisted  o f the  

following in  g / l ;  T ris  H d , 6 .10; maleic ac id , 5.80; (NH| )̂2S0j^, 1 .00; 

NgSO '̂THgO, 9.10; Ca(NOg)2.4HgO, 5.0  x 10”*̂ ; FeSO^.yHgO, 2 .5  x 10'***’.

The pH was adjusted to  6 .0  w ith NaOH before autoclaving.

Rifampin (R if) and rifam ycin SV (Rif SV) so lu tio n s . In order 

to  add rifam pin to  cu ltu re  media, so lu tions o f rifam pin were prepared 

by one o f th ree  methods: 1 ) r i f  was prepared as a £ mg/ml so lu tio n  in

complete medium p lus 10 percent ethanol (v/w) by d isso lv ing  th e  r i f  f i r s t  

in  95 percent ethanol (10 mg/ml), then  adding complete medium to  make 

th e  ethanol 10 percen t (v /v ); 2) d isso lv ing  r i f  in  DMSO in  apy

concentration  desired  up to  100 mg/ml; 3 ) fo r  agar media, th e  desired  

to t a l  amount of r i f  was dissolved in  95 percent e thanol, which was 

added d ire c tly  to  the  medium. When r if -e th a n o l so lu tions were added, 

the  e thanol cooy>rised not more than  a f in a l  concentration o f O.5  percen t 

in  the  media. The f in a l  concentration  o f DMSO never exceeded 1.0 percen t. 

The so lu tions were prepared a t  a concentration such th a t ,  when added to  

th e  c u ltu re  m edia,^the desired  f in a l  concentration o f the  rifam pin in  

th e  c u ltu re  was a tta in e d .
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Other a n tib io tie  so lu tions. The follow ing a n tib io tic s  and 

agents were purchased from Sigma Chonical Co.» S t. Louis» Mo.» and 

were dissolved in  dim ethylsulfoxide (DMSO) : gramicidins J  and S»

poljmyxin B» bacitracin»  iqycostatin, and m e llit in . Valinomycin» 

2-4-dinitrophenol (DNP) and 2-heptyl-4-dydro%y-quinoline-N-oxide 

(HHQO)» a lso  purchased from Sigma» were added as s lu r r ie s  o f acetone 

to  liq u id  bro th  medium. "Die RNA ^ n th e s is  in h ib ito rs  s trep to ly d ig in  

(stign)» s tre p to v a ric in  (strvn)» steffim ycin ( s te f f )  and lomofungin 

(lomo) were kindly donated by Dr. G. B, W hitfield o f the  Upjohn Co. » 

Kalamazoo» Mich.» and were dissolved in  DMSO. Actinooycin D (Aet.D)» 

generously provided by Dr. Mary Carpenter» was from Merck» Sharpe and 

Dohme» Rahway, N. J . Amphotericin B» purchased as Fungizone from 

Gibco, East S t. Louis, 111.» was in  the  form o f a s te r i le  aqueous 

so lu tion  o f 250 yig/ml Amphotericin B.

F inal concentration o f  so lven ts. The maximum f in a l  concen­

tra t io n s  o f solvents in  th e  medium were: e thanol, 0 .5  percen t;

DMSO, 1.0 percen t; acetone, 0.1 percent; KCI» O.OI5 M.

Growth o f Mycoplasma Cultures 

Culture Conditions 

Culturing o f  mycoplasma was in i t ia te d  by adding two ml o f 

thawed stock cu ltu re  to  the  growth medium. When log  phase c e l ls  were 

required , fo r  inoculum, growing c e l ls  ware tran sfe red  to  f re sh  medium. 

Broth cu ltu res  for growth e:q>eriments u sua lly  consisted o f 5 o r 10 a l- lH  

screw cap tubes of 15 ml capacity . A lterna tive ly  » Roux b o tt le s  were 

used which allowed fo r  cu ltu res o f la rg e r  volumes. Incubation was a t  

37 C in  a s ta tio n a ry  water bath. When diange in  color o f  phenol red
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o r change In  tu rb id ity  were c r i t e r i a  fo r  growth (Tables 1 and 2), 

tubes o f uninoculated broth were a lso  incubated and served as the  

standard fo r  comparison of growth. Fhonol red bleached upon pro­

longed incubation. At the  conclusion o f experiments involving growth 

o f  mycoplasma, cu ltu res were streaked on NIH agar and on Sabouraud 

agar to  check fo r b a c te r ia l  and fungal contamination.

WLable Counts

The number of colony forming u n its  (CFD) was determined by 

counting th e  number o f  colonies following app lica tion  to  the  agar o f 

0.02 ml o f appropriate d ilu tio n s  o f th e  sample to  be t i te re d .  The 

method i s  e s se n tia lly  th a t o f Butler and lOiight (8a). An a liq u o t 

(0.1 ml) was withdrawn with a 0 .2  ml g la s s , long-tipped, s t e r i l e  

p ip e t te  a f te r  th e  p ip e tte  had been rin sed  5 times w ith the  sample.

The a liq u o t was then added to  0 .9  ml o f s t e r i l e  d ilu tio n  buffer con­

ta ined  in  a Wasserman tuba with c lo su re , and the  p ip e tte  rin sed  5 tim es 

again w ith th e  d ilu tio n  bu ffer. The add ition  of the  0.1 ml o f sample to  

0 .9  ml d ilu tio n  i s  the  f i r s t  o f a  se r ie s  10-fold s e r ia l  d ilu tio n s . 

T ransfer o f  c e l l  suspensions during d ilu tio n  was always accompanied 

by 5 r in se s  o f the p ip e tte .

Four d ilu tio n s  o f a sample were chosen to  be p la ted , depending . 

upon th e  estim ated t i t e r  range o f  the  sanple. Each d ilu tio n  was added 

a s  th ree  0.02 ml c irc u la r  spots to  one quadrant o f an agar medium con* 

ta in ed  in  a 100 mm x 15 im p la s t ic  p e tr i  p la te . The four quadrants 

o f  a p la te ,  therefo re  contained th e  four d ilu tio n s  spotted in  t r ip l i c a te .  

Usually 2 p la te s  were used, the  second p la te  serving to  increase  th e  

number o f  spots o f each d ilu tio n  from t r ip l i c a te  to  sex tu p liea te .
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A lternatively» 50 x  12 mm p e tr i  d ishes were used which allowed a p p li­

cation  o f only one 0.02 klL qpot per quadrant. In cases where an estim ate

o f the  t i t e r  range was in  doubt, th e  second p la te  could be used to  p la te

d ilu tio n s  not spotted on the  f i r s t  p la te .

The app lica tion  o f  the  0,02 ml drops to  the  p la te  requ ires 

a tte n tio n  to  several procedural p o in ts . F ir s t ly ,  the  p ip e tte s  were pre­

rinsed  5 tim es with the  d ilu tio n  o f sample to  be p la ted . Secondly, the  

i n i t i a l  0.02 blL drop was discarded onto an agar surface to  elim inate any 

s l i ^ t  d ifference  th a t  might e x is t  between the  f i r s t  drop out o f the  

p ip e tte  and those th a t  follow. When applying the  0.02 ml drop, care  

was taken to  toudi th e  agar vary l ig h t ly  so as to  avoid damage to  th e

surface. The drop was spread with th e  p ip e tte  t ip  over a c irc u la r

area o f approximately 5 mm diam eter. iM s d is tr ib u te s  the  c e l l  sus­

pension th in ly  over the  agar su rface , allowing th e  liq u id  to  be 

absorbed quickly in to  th e  agar, thereby immobilising the  nycoplasmas 

before they  can reproduce in  suspension. Moreover, spreading th in ly  

prevents the  0.02 ml drop ffom running over the  surface o f the  agar.

After th e  spot was absorbed, th e  p la te s  were placed in  an incubator 

se t a t  57 C* Colonies grew enough in  48 hours to  be seen w ith the  a id  

o f a low power le n s . However, u su a lly  4 days incubation were allowed 

before th e  colonies were counted. The colony forming u n i ts  were u su a lly  

expressed per b lL  o f the  o rig in a l sample by m ultiplying th e  number o f 

CPU counted in  a 0.02 ml drop by 50 and then by th e  d i lu t io n  fa c to r .

Total CFO count. The t i t e r  o f the  to ta l  population o f a 

cu ltu re  was determined by {dating on medium containing no se lec tiv e  

agents and counting th e  CFO a f te r  4 days o f incubation.
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T ite r  of r i f - r e a i s ta n t  v a ria n ts . The sama procedure fo r 

determining v iab le  counts was followed except th a t  r i f  was included 

in  the  medium on which the  c e l ls  were p la ted . Concentrations o f r i f  

in  th e  medium varied and are  ind ica ted  in  each experiment.

T ite r  of r i f - in h ib ite d  c e l ls .  The same procedure was followed 

as  fo r th e  t i t e r  o f r i f - r e s i s t a n t  v a ria n ts  except th a t th e  agar contained 

r i f  and th e  incubation time allowed was 2 weeks. R if-sen sitiv e  c e l ls  

grow ou t on PPLO agar in  the  presence o f r i f  in  a two-week period.

Contamination Controls.

Saiqiles (0.1 ml) were streaked on NIH and Sabaraud agar and 

incubated 1 week a t  37 C in  order to  d e te c t th e  presence o f  any b a c te r ia l  

o r fungal contamination. Lo esqieriments presented in  Tables 1 and 2, 

uninoculated broth was incubated as a  check fo r  contaminating organisms.

Isotope Incorporation Measurements 

Standard Pulsing Procedure 

Cultures were prepared fo r  pulsing  by inoculation  o f 2 ml 

thawed A. la id la w ii. A, stock c u ltu re  in to   ̂ v£L o t  fre sh , prewarmed,

PPLO b ro th . After incubating fo r  24 hours a t  37 C, th is  7 ml cu ltu re  

was inoculated  into 150 ml of fre sh  prewarmed medium (an approximate 1:20

d ilu tio n )  and incubated f o r  3 or 5 hours to  y ie ld  a t i t e r  o f  approxi-
8 8mately 2 x 10 or 4 x 10 CFU/ml, ( la te  log  phase) respec tive ly . A 

small sample was withdrawn fo r  determining the  presence o f contaminants 

and CFU/ml. Five ml saiiQîles were p ip e tted  from the  5 hour cu ltu re  in to  

13ms Wasserman tubes. A ll eiqieriments w«*e designed to  provide r e s u l ts  

in  t r ip l i c a te  or quadruplicate. Each pulse consisted o f rap id ly  adding 

0.1 ml u rid in e -5 - H ( f in a l  concentration o f  10 y*c/ml) to  th e  5 ml c u ltu re .
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in v ertin g  th e  p a ra fila -se a led  tubes tw ice fo r mixing, and incubating 

fo r  2-8 minutes to  allow incorporation  o f u rid ine  in to  RNA. Incorpora­

t io n  was stopped by the  add ition  o f 10 o r 20y*g/ml ( f in a l  concentration) 

o f  Actinonycin D. The samples were mixed immediately fo r  2 seconds on 

a Vortex mixer and placed in  an ice  ba th  fo r  a t  l e a s t  30 m inutes.

Zero time incorporation  was a tta in ed  by simultaneous add ition  o f 

uridine-5-^H  and Actinotqycin D. E ffects o f various a n tib io tic s  

on incorpora tion  were measured by pre-incubating the  5 ml sample 

w ith  the  a n tib io tic  (added as a 0.1 ml so lu tion  in  DliSO o r ethanol) 

p r io r  to  the  u rid in e  pu lse . The concentration o f a n tib io tic  and th e  

leng th  of th e  pre-incubation period v aried  and a re  described fo r 

each experiment in  the R esults sec tion .

Thbes containing the  samples were centrifuged in  the  k C room 

in  a Sorvall type A angle tab le to p  cen trifu g e  a t  a s e ttin g  of 90 (approx­

im ately 6700 xpm) fo r  25 m inutes. Supernatants were decanted and the  

tubes allowed to  d ra in . The p e l le t  was resuspended in  0 .5  ml cold  

d i s t i l l e d  w ater and 0.1 ml o f  a 1.0 mg/ml so lu tion  o f yeast RNA added 

as  c a r r ie r .  The sample was trea te d  w ith  4 ml ic e  cold 10 percen t TCA, 

vortexed b r ie f ly ,  poured onto a Whatman f i l t e r  paper d isc  (GF/C g lass  

f ib e r  paper) in  a m illipore  f i l t e r  box, and the f i l t r a t e  washed th ree  

tim es w ith  5 ml 5 percent TCA. The f i r s t  5 ml were a lso  used to  r in se  

th e  sample tube . In  experiments involving a n tib io tic s , a l l  f i l t e r s  

received  two ad d itio n a l washes o f  5 ml o f  cold e thano l. F i l te r s  were 

then  d ried  and placed in to  p la s t ic  counting v ia ls  to  which were added 

15 ml Aqua-sol (a sqrlene-based s c in t i l la t io n  so lu tion  purchased from 

New Ehgland Nuclear, Boston, Mass.). Samples were cooled and the
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t r it iu m  a c t iv i ty  counted on a Nuclear Chicago Mark I  liq u id  s c in t i l l a ­

t io n  counter. The e ffic ien cy  o f counting was 29 percen t.

A v a ria tio n  in  th e  procedure was enqiloyed occasionally  in  

measuring in h ib itio n  ty  rifam pin o f RNA synthesis. This v a ria tio n  

consisted  o f  washing the TCA p re c ip ita b le  m ateria l by 3 cycles o f 

resuspension in  5 5 percen t TCA and cen trifu g a tio n . The p e l le t  from

the  f in a l  cep trifu g a tio n  was dissolved in  0.5  ml HgO and tran sfe rred  to  

a s c in t i l la t io n  v ia l  and s c in t i l la t io n  so lu tion  was added as described 

above. This wash procedure in  one eiq>eriment reduced counts from 

2h7»605 cpm fo r  th e  supernatant from the  f i r s t  wash» to  110 cpm fo r  

the  supernatant fo r  the  th i rd  wash,

Preparation o f Labeled Uridine Solution fo r  Pulsing 

Stock so lu tion  o f uridine-5-^H  was d ilu te d  w ith s t e r i l e  PPLO 

broth  to  give a concentration o f  500yXCi/ml, and a sp ec ific  ra d io a c tiv ity  

o f approximately 25 Ci/mM,
3K inetics o f  Incorporation of U ridine-5- H by 

Log Phase C ells o f A. la id la w ii. A 

The time allowed fo r  incorporation  o f  u rid in e  varied  w ith in  the  

l in e a r  ranges shown in  Figures 1»A and 1»B. The experiments depicted in  

t h i s  Figure were performed as  described above and th e  time allowed fo r  

incorporation  was varied . Figure 1»A rep resen ts conditions fo r  eager- 

iments dealing w ith nycoplasma s e n s i t iv i ty  to  rifam pin in  which cu ltu res
Q

o f  approximately 2 x 10 CFU/ml were used. The r e s u l ts  in d ica te  th a t

incorporation  o f  u rid ine  in to  cold TCA-precipitable m ateria l i s  l in e a r
8fo r  a t  le a s t  10 minutes. Cultures o f approximately 4 x 10 CFU/ml, 

used in  the  e]q>eriments involving a n tib io tic s  o ther than rifam pin, show
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Figure 1. Incorporation of Uridine-5-^H by Log Hiase 
Cells o f A. la id la w ii. A, as a Function o f Time,
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th e  incorporation  k in e tic s  presented in  Figure 1,B, I t  vas found th a t
O

incorporation o f  u rid in e  by a c e l l  population o f approximately 4  % 10 

CFQ/edL i s  l in e a r  fo r  a t  le a s t  5 minutes.

Mutagenesis Rrocedures 

U.V. I r ra d ia tio n  

A. la id la w ii .  A» c e l ls  were thawed from frozen stock c u ltu re  

and 2 ml inoculated  in to  5 =1 casitone bro th . A fter incubation  fb r  24 

hours a t  37 C. a  tu rb id  c u ltu re  re su lted  and 1 .0  ml was inoculated  in to  

30 ml o f  fresh  casitone  broth -  a  1:50 d ilu tio n  o f th e  inoculum. A fter 

12 hours o f  incubation , th i s  50 n l  cu ltu re  served as an inoculum fo r  

1.0 1 o f  pre-warmed casitone b ro th  -  a  1:20 d ilu tio n  o f th e  inoculum. 

The cu ltu re  was allowed to  incubate fo r  3 hours, in  o rder to  ensure log 

phase c e l l s .  The c e l ls  wwe co llec ted  by cen trifugation  fo r 10 minutes 

a t  5f000 rpm (3020 x  g) in  th e  small head o f a Sorvall RC-B cen trifu g e  

a t  25 C. The c e l l  p e lle ts  were resuapended in  50 ml o f d ilu t io n  bu ffer 

(0 .9  percent N ad + 0.02M t r i s .  pH 8 .0 ) . and allowed to  rw iain fo r  5 

hours. The purposes o f t h i s  treatm ent wwe to : 1) allow  c e l l  dumps 

to  d isp e rse . 2) in h ib i t  (by s ta rv a tio n ) p ro te in  qynthesis-dependent DNA 

re p a ir  processes th a t  may e x is t  in  th e  c e l ls  ( lU ). and 3) reduce th e  

DNA content to  i t s  minimal amount per c e l l .  A ten  ml a liq u o t o f  a 

1 :10 d ilu tio n  o f  t h i s  c a l l  suspension was placed in  a  g lass  p e t r i  d ish  

on a  ro ta t in g  platform  40 cm beneath an u ltra -v io le t  lamp fo r  various 

time in te rv a ls . The esqposure to  ir ra d ia t io n  was ended q u id ü y  by 

covering th e  p e t r i  d ish  a f te r  th e  desired  time in te rv a l and removing i t  

from th e  platform . Aliquots o f  1 oQ. each were withdrawn from th e  

ir ra d ia te d  c e l l  suspension, inoculated  in to  9 ml of casitone b ro th , and
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incubated u n t i l  th e  cu ltu re  m s  v is ib ly  tu rb id . A liquots o t  appro» 

p r ia te  d ilu tio n s  o f  th i s  c u ltu re  (0.2 ml) were spread on p la te s  con­

ta in in g  se lec tiv e  media. Reduction o f the  shoulder on th e  in ac tiv a tio n  

curve and the  dosage wfaidi gave approximately 95 percen t k i l l  served 

as th e  c r i te r ia  in  se lec tin g  th e  d ilu tio n  and U.V. exposure time fo r 

m utagenesis. Figure 2 shows th a t  there i s  no d e tec tab le  shoulder fo r  

a 1:10 d ilu tio n  o f  the  c e l l  suspension and th a t  a  95 percent k i l l  

r e s u l ts  frca  10 seconds o f  U.V. Ir ra d ia tio n  under th ese  conditions.

I t  m s  a lso  assumed, although not estab lished , th a t  th e  5 hour period 

in  d ilu t io n  b u ffer would a lso  decrease clumping and th ere fo re  th e  

shoulder in  th e  U.V. in ac tiv a tio n  curve.

Nitrosoguanidine (NIG) Mutagenesis 

The c e l ls  o f  a  5 ml sample of a l a t e  log {duise A. la id la w ii. 

A ., c u ltu re  in  PPLO broth were p e lle ted  by cen trifu g a tio n  (20 minutes 

cen trifu g a tio n  a t  a s e ttin g  o f  100 on a ta b le  top c l in ic a l  cen trifuge) 

and resuapended in  1 .0  ml TM bu ffer. Mutagenesis was in i t ia te d  by 

adding 1 ml o f a  f re sh  NIG so lu tio n  to  th e  1 ml o f  c e l l  TM buffer 

suspension and incubating a t  37 C. The NTG so lu tion  consisted of 

NTG d isso lved  in  TM buffer to  a concentration tw ice th a t  desired fo r  

mutagenic cond itions. The MTG-eell suspension m s  incubated 

m inutes a t  37 C. To term inate the  mutagenesis 0 .5  ml sanquLes o f  th e  

tr e a te d  c e l ls  were p ip e tted  in to  4.5 ml o f  bu ffer composed o f  0.01 M 

KHgPOî  + 1 percent (v/v) PPLO broth , centrifuged to  p e l le t  the c e l l s ,  

and resuspended in  1.0 ml o f  th e  same b u ffe r . In  o rder to  segregate 

th e  presumed mutant c e l ls ,  th e  1 ml suspension o f c e l ls  m s  inoculated 

in to  9 ml PPLO bro th  and incubated fo r  15 hours. Sasqples from th e
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Figura 2. Survival o f  A. la id la w ii. A, as a function o f U.V. dosage.
One hundred percen t su rv ival o f  the  undilu ted c e l l  suspension rep resen ts  
3.7 X 10 CFO/ml, C ircles rep resen t the und ilu ted  c e l ls ,  squares th e  
1:10 d ilu tio n  o f th e  c e l ls .  Viable counts were performed on PPLO agar.
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ra s ttl ta n t tu rb id  cu ltu re  were p la ted  on se lee tlv e  media.

Spontaneous Mutation 

Aliquots (0 .2  ml) from a log phase cu ltu re  in  PPLO broth  were 

spread onto 100 mm x 15 m  agar p la te s  containing se le o tiv e  media. The 

p la te s  were incubated fo r 4 days a t  37 C.

The F luctuation  Test 

Two ulL thawed stock cu ltu re  were inoculated in to  5 *1 casitone 

bro th  and incubated 24 hours. FYom th is  cu ltu re , 0 .5  ml were inoculated  

in to  50 ml o f fresh  casitone broth and incubated 24 hours. A sample of 

th e  re s u lta n t  cu ltu re  was d ilu te d  1:10^ w ith d ilu tio n  b u ffe r , and 0 .5  ml 

o f th i s  d ilu ted  c e l l  suspension was added to  50 ml o f  fre sh  casitone 

bro th  to  give a 1:10^ d ilu tio n  o f the  24 hour broth c u ltu re . To each 

o f 20 15 ml screw cap tubes were p ipetted  1.1 ml o f  th e  A?esh casitone 

broth c u ltu re . The remaining 28 ml served as the  batch  cu ltu re  con tro l 

fo r  th e  f lu c tu a tio n  t e s t .  The 20 t e s t  cu ltu res  and th e  con tro l batch 

cu ltu re  were incubated 24 hours a t  37 C in  a water b a th . One ml from 

each o f  the  20 t e s t  cu ltu res was plated  on PPLO agar containing 100 ^g/ml 

r ifa o ^ in  by adding 0,05 ml o f  th e  cu ltu re  to  agar in  each quadrant o f 

f iv e  100 mm X 15 mm p la s t ic  p e t r i  d ishes. From th e  batch cu ltu re  20 

1 ml sa sÿ le s  %iere p la ted  in  th e  same manner. A ll cu ltu res  were t i t e r e d  

fo r  t o t a l  c e l l  y ie ld  a t  th e  w d  o f  th e  24 hour incubation and only 

cu ltu res  w ith  a  y ie ld  o f  between 5 x 10^ and 2 .5  x  10^ CFO/ml were 

used fo r  t e s t  cu ltu res in  th e  f lu c tu a tio n  t e s t .  The purpose o f  th is  

procedure was to  e lim inate c e l l  density  as a va riab le  fa c to r  in  

determining the  flu c tu a tio n s  in  mutant populations.



CHAPTER I I I  

RESULTS

In v as tlg a tio n  of the  b a s is  fo r  th e  cap ab ility  o f  mycoplasmas fo r  

developing re s is ta n c e  to  various a n tib io tic s  was approached by allowing a 

eonfkentation o f  two a lte rn a te  p o s s ib il i t ie s ^  Can the source o f nyeoplasma»' 

res is tan ce  to  an a n tib io tic  be a ttr ib u te d  p rin c ip a lly  to  rap id  se lec tio n  of 

r e s is ta n t  c lones; o r ,  on the o ther hand, does the  e n tire  nycoplaana popula­

tio n  become r e s is ta n t?  C r itic a l  considerations i n ^ l i c i t  in  th i s  question  

are  the  na tu re  o f th e  a n tib io tic  in  question and the  cu ltu re  cond itions. For 

the  purposes o f much o f th is  research , a standard , r ic h  serum-containing 

medium was chosen th a t  would allow various mycoplasmes to  be cougared under 

very s im ila r cond itions. Moreover, such a  medium more nearly  sim ulates, in  

many cases, environments where mycoplasmes* re s is tan ce  to  a n tib io tic s  i s  most 

troublesome ( e .g . ,  t is s u e  cu ltu re , animal h o s ts ) . The RNA syn thesis in h ib i­

to rs  serving as a n tib io tic s  in  th is  p ro jec t were usually  employed a t  concen­

tra t io n s  o f  100y<g/ml o r le s s  in  expectation th a t  the  r e s u l ts  observed would 

r e f le c t  th e  s p e c if ic i ty  o f an a g e n t 's  ac tio n .

Response o f Mycoplasma to  th e  Presence 
o f  Rifampin

A. la id la w ii .  A, and M. o ra le . I ,  were th e  s t r a in s  used in  the  

following experiments in  order to  compare organisms of b a s ic a lly  d if fe re n t  

monbrane s tru c tu re . M. orale  req u ires  ch o le s te ro l fo r growth and incorporates

y*
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i t  d i r e c tly  in to  i t s  manlxrana» whereas ^  la id la w ii does not req u ire  i t  fo r  

growth b u t w i l l  incorporate  the  s te r o l ,  i f  p resen t, in  th e  medium. Also A. 

la id law ii apparently  incorporates carotenoids in to  i t s  membrane in s tea d  o f 

ch o le s te ro l.

Response o f iu la id la w ii .  A, to  Rifao^in:
QrowÛi and RNA Synthesis

Q ualita tive  Observations. One o f  th e  c r i t i c a l  considera tions bear­

ing on th e  general problmn o f nycoplasmas* re s is ta n c e  to  a n tib io tic s  i s  the  

a n tib io tic  involved. Two prelim inary q u a li ta t iv e  experiments were performed 

to  determine whether rifaoqiin a f f e c ts  th e  growth o f la id la w ii .  A. Di the  

f i r s t ,  c e l l s  were inoculated in to  th ree  tubes containing PPLO broth  w ith 

phenol red . TVo o f th e  tubes a lso  contained rifam pin a t  concentrations of 

25 and lOOyfg/ml. The re s u l ts  a re  shown in  Table 1. The cu ltu re  w ithout 

rifam pin showed s ig n if ic a n t tu rb id ity  acconpanied by a change in  th e  co lor 

o f the  dye from red to  yellow a f te r  16 hours o f incubation. Cultures con­

ta in in g  rifam pin  a re  le s s  amenable to  observation of sm all co lo r and tu rb id -  

i l y  changes due to  the  dark red co lo r imparted to  th e  medium by th e  rifam pin. 

However, s ig n if ic a n t  growth was d e tec tab le  w ith c e r ta in ty . The presence of 

25 o r 100yfg/m l o f rifam pin delayed considerably the  growth o f c u ltu re s  to  the 

approximate degree a tta in e d  in  th e  absence o f rifam pin. I t  was concluded from 

th is  experiment th a t  onset or r a te  o f  growth of A. la id la w ii. A, i s  in h ib ited  

s ig n if ic a n tly  by rifam pin a t  concentrations o f 25 and 100y*g/ml.

Since the growth o f c u ltu re s  in  th e  presence o f rifam pin required 

extensive incubation periods, i t  was possib le  th a t  in s ta b i l i ty  o f  th e  rifam ­

p in  or changes in  the  co n stitu en ts  o f  th e  medium allowed eventual growth of 

the  c u ltu re . % ere fo re , the  c u ltu re s  represented in  Table 1 were used as 

sources o f  inoculum, a f te r  96 hours o f incubation , to  determine nAether r i f -
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TABLB 1

delayed growth OF A. la id la w ii . A, IN PPLO 
BROTH CÔÎTAINING RIF^ .

R if Concentration Time Required to
Observe Growth

(yg/mL) (Hours)

None 16

25 60

100 96

*Rif was added from an etfaanol-PPLO broth  stock so lu tion  as 
described in  M aterials and Methods. C ultures were 10 ml each, contained 
0.002^ phenol re d . and were inoculated w ith  0.05  ml o f a tu rb id , u n tite red  
suspension o f c e l ls  in  PPLO b ro th . Growth was determined q u a li ta t iv e ly  as 
tu rb id ity  and co lo r changes v is ib le  to  the  unaided eye.
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c u ltiv a ted  c a l ls  would again, show delayed growth in  fresh  rifaa^ in -co n ta in in g  

medium. Each o f the  two r i f  c u ltu res  served as the  inoculum source fo r  two 

p a ra l le l  c u ltu re s  w ithout and w ith correspondit^ concentrations of rifan^tin . 

The c e l ls  grown in  the  absence o f rifam pin were subcultured in to  th ree  p a ra l­

l e l  c u ltu re s  containing 0, 25» and 10(^g/m l r i f .  The r e s u l ts  o f th is  experi­

ment a re  shown in  Table 2. The cu ltu res  previously grown w ithout rifam pin 

showed growth a f te r  4 )  hours Incubation only in  Arash medium w ith no rifaagtin  

but not in  th e  presence o f  25 and lOOyfg/nil rifanqpin even a f t e r  hours incu­

bation . The two p a irs  o f cu ltu res  previously cu ltiva ted  w ith  25 and lOOy/g/ial 

rifampin» respectively» showed growth a f te r  43 hours A e th e r  o r not rifam pin 

was in  th e  medium.

We conclude th a t  eventual growth o f A. la id la w ii. A, in  medium con­

ta in ing  rifam pin i s  no t due to  decay o f rifanqpln a c t iv i ty  or to  changes in  the 

cu ltu re  medium which occur during th e  long incubation period . The re s u l ts  

a lso  i l l u s t r a t e  th a t  a n tib io tic  res is tan ce  need not depend upon the presence 

o f a h o st organism in  which the mycoplasma sequesters i t s e l f  fo r  p ro tec tion  

from th e  d e le te rio u s  agent.

Growth curve in  v iab le  u n its . In  order to  delve deeper in to  th e  

nature o f th e  garowth response o f mycoplasma to  a n tib io tic s , th e  accuracy and 

v a lid ity  o f growth measurements were increased by determining colony forming 

u n its  per ml (CFU/ml}. The normal growth of A. la id la w ii. A. as a function 

o f  incubation  time in  PPLO broth  i s  presented in  Figures 3» 4 and 5* In  a l l  

th ree  eaqaeriments th e  doubling time was approximately 90 minutes during the  

eaqponential phase o f growth. This r a te  appears to  be m aintained u n t i l  the
D

cu ltu re  a t t a in s  a  t i t e r  o f approximately 2.0 x 10 CFU/ml (Figure 3) a t  which 

po in t th e  growth ra te  decreases u n t i l  a y ie ld  of e s se n tia lly  10^ CFU/ml i s  

a tta in e d . Growth ra te s  and y ie ld s  tend to  vary with d i f fe re n t  batches o f
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TABLE 2

UNINHIBITED GROWTH OP RIP-CULTORED CELLS 
FOLLOWING TRANSFER TO FRESH MEDIUM CONTAINING RIP

R if Concentration in R if Concentration Growth
Previous Medium * in  F^esh Medium (Presence o f

(pglvH) ^ g /m l) V isib le T urb id ity )
^ _______

None None +

None 25 -

None 100 -

25 None +

25 25 +

100 None + ,

100 100 +

* Inoculum (0.1 ml) was takœi trom th e  corresponding c u ltu re s  
described in  Table 1 . These cu ltu res  were 4 days old when used a s  inocu la .

^  Growth was measured q u a li ta t iv e ly , fay the  presence (+) o r  
absence ( - )  o f marked tu rb id ity  a f te r  4 ) and 72 hours incubation. Other 
conditions a re  as described fo r  Table 1.
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Figure 4 . Growth o f A. la td la w ii .  A in  PFLO b ro th  in  th e  presence 
(+ r i f  ) and absence ( -  r i f  ) o f 5 /< g /n l rifam pin. The inoculum was in  log 
phase in  PPLO broth no t containing r i f .  Rifampin was added from a  DMSO 
stock so lu tio n .
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Figure 5* Growth response o f A. la id la w ii .  A* to  varying con­
cen tra tio n s o f rifam pin in  PPLO b ro th . The inoculum was taken from cu l­
tu re s  o f  log  phase c e l ls  in  the  corresponding medium. The designations 
0 r i f ,  5 r i f  and 10 r i f  rep resen t the  concentrations ^ / m l )  o f rifam pin 
p resen t in  each c u ltu re . The rifam pin was added as  a DMSO so lu tion .
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serua and fre sh  yeast e x trac t.

A fter reaching a peak o f  approximately 10^ CFU/ml, the  c u ltu re  re ­

ta ined  th i s  t i t e r  fo r  va riab le  periods o f tim e. Figure 5 shows th a t  th e  

peak t i t e r  was re ta ined  fo r 20 hours, from 30 hours of incubation to  $0 

hours, a t  which time th e  eagwriment was concluded. The growth depicted  in  

Figure 4 , however, began declin ing  a f t e r  reaching a peak o f 1.3 x 10^ CFU/ml. 

This d iffe ren ce  in  p o s t-s ta tio n a ry  phase behavior could be due to  th e  d i f ­

ference in  s iz e  o f th e  i n i t i a l  inocu la  in  the  two cu ltu res . The beginning 

t i t e r  in  Figure 4  i s  1 .4  x 10^ CFO/bH, whereas th a t  in  Figure 5 i s  2 .0  x  

10 CFU, a d ifference  o f over 100-fold, Other than a co rre la tio n , o f  t h i s  

phenomenon w ith inoculum s ize , and th e  ever presen t th re a t o f d iffe ren ces  

in  the  medium, no explanation i s  apparent fo r  vhy the  one cu ltu re  s ta b i l iz e s  

i t s  t i t e r  a t  the  peak o f  growth fo r  20 hours whereas the o ther c u ltu re  p ro­

ceeds in to  a death phase sh o rtly  a f t e r  reaching i t s  peak. Fhrther considera­

t io n  o f th i s  problem w il l  be d e a lt  w ith in  Chapter IV. The lag  phase seen 

in  Figure 3 i s  presumably due to  th e  use of fre sh ly  thawed c e l ls  fo r  inoculum. 

The s ig n if ic a n t, i f  any, lag phases o f  Figures 4 and 5 presumably r e f l e c t  the  

use o f f re s h , exponentially-growing c e l ls  fo r  inoculum.

Growth response to  rifam pin . The r e s u l ts  presented in  Tables 1 

and 2 estab lished  th a t  A. la id la w ii. A, i s  indeed sen sitiv e  to  25 and iOO^g/ml 

o f  rifam pin. For a q u a n tita tiv e  determ ination o f the s e n s i t iv i ty  of A. 

la id la w ii. A, to  rifanq)in, an e3q>eriment was designed to  measure the  t i t e r  

a tta in ed  a f t e r  24 hours incubation ty  cu ltu res  containing varying concentra­

tio n s  of rifagg)in. The re s u lts  a re  shown in  Figure 6. Each po in t rep resen ts  

the  growth a tta in ed  by a cu ltu re  containing th e  indicated concentration  o f 

rifam pin 24 hours a f t e r  receiving an inoculum th a t  gave a zero time t i t e r  

o f 2 .2  X 10^ CFU/ml, As in  th e  q u a li ta t iv e  e3q>eriments o f  Table 1 and 2 , -Uhe
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Figure 6. Growth in h ib itio n  o f A. la id la w ii. A, in  PPLO broth  
a f te r  24 hours a s  a function  of rifam pin concentration. The inoculum 
source was a s ta tio n a ry  phase cu ltu re , and th e  i n i t i a l  t i t e r  a f t e r  inocu­
la t io n  i s  denoted by an open c irc le  on the o rd ina te . R if was added as an 
ethanol medium so lu tio n .
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Inoealua source was a  cu ltu re  th a t  had reached sta tionary  phase. Rifampin 

a t  concentrations up to  10(^g /m l, I s  eixtremely e ffec tive  In  reducing th e  

number of CFO observed a f te r  24 hours. Di the  absence o f rifam pin, the  

cu ltu re  reached a t i t e r  of 1.7 x  10^ CFU/ml, whmreas in  the  presence o f
O

rifam pin i t  a tta in e d  only 1.6 x  10 CFO/ml. This value rep resen ts  

90 percent In h ib itio n . The e3q>erlment a lso  shows th a t a f t e r  approximately 

95 percent in h ib itio n  o f  growth was reached (by 10y*g/ml o f  rifa iqp in ), in ­

creasing concentrations o f rifampin fa i le d  to  susta in  the  steep  in h ib itio n  

slope. The slope o f  in h ib itio n  appeared to  decrease in  an asymptotic fashion 

w ith regard to  th e  i n i t i a l  t i t e r  o f 2 .2  x  10^ CFU/ml. Rifampin a t  a  con­

cen tra tion  o f lOO^yg/ml prevented any s ig n if ic a n t growth above the  i n i t i a l  

number o f c e l ls  provided by the  inoculum. When 2 0 ^ g /m l o f  rifam pin was 

present in  th e  c u ltu re , a decrease in  th e  t i t e r  below th a t  provided by the  

inoculum occurred, which indicated  th a t  k i l l in g  had taken p lace.

The ch ie f conclusion from th e  data represented in  Figure 6 i s  th a t  

growth o f A. la id la w ii . A, i s  in h ib ite d  e ffe c tiv e ly  by low concentrations o f 

rifam pin in  serum-containing medium during th e  growth period  o f 24 hours.

This s e n s i t iv i ty  i s  w ell represented by the 90 percent in h ib itio n  o f  growth 

by 5^g /m l rifam pin. Another conclusion i s  th a t  the response of mycoplasma 

to  rifam pin tends to  be of a mycoplasma-static nature, ra th e r  than mycoplas- 

maeidal. This conclusion i s  based on th e  in a b i l i ty  of rifam pin a t  concen­

tra tio n s  up to  100y(g/ml to  reduce the  number o f CFU below th a t  o f th e  inocu­

lum, However, a  rifam pin concentration o f 200yyg/ml d id  reduce the  t i t e r  of 

the  cu ltu re  below th e  inoculum le v e l.  This ind ica tion  o f k i l l in g  by high 

concentrations o f  rifam pin i s  l ik e ly  to  r e f le c t  a non-specific  a c t iv i ty  o f 

rifam pin, and was n o t investigated  fb r th e r .

The s ig n if ic a n t  s e n s i t iv i ty  o f X  la id law ii. A, to  lev e ls  o f
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r i f  ampin below ^ygg/ml in  24 hours (Figure 6) and, on th e  o ther band, th e  

eventual outgrowth o f th e  cu ltu re  even in  the  presence o f a s  mudi as 

lOOy/g/ml o f  rifam pin (Tables 1 and 2) a re  two phenomena which were para­

doxical and upon which the next experiment was based. In  o rder to  analyze 

the  k in e tic s  o f in h ib itio n  and outgrowth, samples from c u ltu re s  containing 

low concentrations of rifampin were t i t e r e d  a t  su itab le  in te rv a ls  fo r  a  )6 

hour period .

Figure 7 shows the dos» response curves. Rifampin e l i c i t s  a b i -  

phasic. growth response. There i s  a tra n s ie n t phase of slow growth followed 

by a phase o f fa s te r  growth. This can be seen most c le a r ly  perhaps fo r  the 

cu ltu re  containing ^ g / m l  rifam pin. Growth a f te r  7*5» 12 and 18 hours of 

incubation i s  n eg lig ib le . However, a f te r  24 and 36 hours, recovery and out­

growth ensues. Cultures containing 1 .5  and 2 . ^ g / n l  o f rifam pin a lso  show 

th e  b iphasic  growth p a tte rn , whereas th e  cu ltu re  containing 2 ^ g /m l  rifam pin 

shows a s t a t i c  growth response throughout the  36 hour incubation  period . The 

observation th a t  c e l l  t i t e r s  generally  appear to  increase above the  inoculum 

lev e ls  before  the  onset o f in h ib itio n  i s  not e a s ily  explained and w i l l  be 

discussed in  Chapter IF.

In order to  id en tify  th e  e a r ly  phase o f growth in h ib itio n  by 

rifam pin observed in  Figure 7 , th e  term , " tran sien t in h ib itio n "  was i n s t i ­

tu te d . T ransient in h ib itio n  i s  defined as the  growth in h ib it io n  delineated  

by po in ts represen ting  t i t e r s  taken a t  7» 5, 12 and 18 hours incubation 

(Figure 7 ) .  The tra n s ie n t in h ib itio n , th ere fo re , was ca lcu la ted  from doubU 

ing times derived from these th ree  p o in ts . The doubling tim es during tran ­

s ie n t in h ib it io n  a re  shown fo r a l l  th e  cu ltu res in  Table 3 . The rec ip ro ca ls  

o f  these growth ra te s  were converted to  percent in h ib itio n  by se ttin g  the  

value obtained in  th e  absence of rifam pin equal to  zero. For the  c u ltu res
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Figure 7. Biphasic growth response of A. la id la w ii. A to  con­
cen tra tio n s o f  rifampin in  PPLO b ro th . The inocula were taken from a 
fresh ly  thawed stock c u ltu re . Rifampin was added from an ethanol-medium 
so lu tion . The various curves a re  designated according to  th e  number o f 

^ g /m l o f  rifam pin in  the  cu ltu re  ( e .g . ,  5 %"if rep resen ts ^ g / m l  rifam pin).
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TABLE 3

TRANSIENT INHIBITION BÏ RIFAMPIN OF GROWTH 
OF A. la id la w ii. A, IN PPLO BROTH

Rifanq)in*
(jig/ml)

Doubling Times During 
T ransient In h ib itio n  

(minutes)

Transient Inh ib ition^  
(percent)

0 120 0
0.1 165® 28
0.2 180 ® 34
0.5 240 50
1.5 510 76
2.5 1,800 93
5.0 10,800 100

20.0 no growth 100

^Rif was added from a stock so lu tio n  of ethanol-medium as 
described in  M aterials and Methods.

^Ihe rec ip ro ca l o f th e  doubling time during th e  tra n s ie n t 
period o f growth in h ib itio n  was converted to  percent in h ib itio n  by 
se ttin g  th e  value obtained in  the  absence o f  rifampin equal to  zero.

*^Calculated from o v e ra ll growth r a te .
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containing 0 .1 , 0.2 and 0.^y(g/ml o f  rifam pin, a tra n s ie n t jAase o f  in h ib i­

t io n  vas no t v e i l  d istinguished , so th a t  a  doubling time th a t  corresponded 

to  the  o v e ra ll  growth ra te  was used. In h ib itio n  i s  a function  o f  r ifa n p in  

concentration. Growth i s  tra n s ie n tly  in h ib ited  by r e la t iv e ly  low concen­

tra t io n s  o f rifam pin. As l i t t l e  as O.lyfg/ml in h ib its  growth (28 percent 

in h ib it io n ) . A concentration o f O .^ g /m l  causes 50 percen t in h ib itio n , 

whereas causes percent in h ib itio n . One hundred percent

tra n s ie n t  in h ib itio n  i s  a tta ined  by ^ g / m l  o f  r ifan p in . Doubling tim es 

fo r  the  second growth phases o f  c u ltu re s  containing 1 .5 , 2 .5  and ^ 'g / m l  

rifam pin were 25^ minutes, 3^2 minutes and 600 minutes, re sp ec tiv e ly . Since 

the  corresponding doubling tim es fo r  these  cu ltu res  during tra n s ie n t  in h ib i­

t io n  was 510 minutes, 1,800 minutes and 10,800 minutes (Table 3 ) , th e  biphasic 

nature of the  growth i s  w ell demonstrated.

I t  was concluded Arom the  r e s u l ts  represented in  Figure 7 and 

Table 3 th a t  the presence o f rifam pin in  cu ltu res  inoculated w ith fre sh ly  

thawed c e l l s  e l i c i t s  a biphasic growth response consisting  o f a period o f  

tra n s ie n t in h ib itio n  followed by a  period o f recovery and outgrowth. R if- 

anpin does no t appear to  be nycoplasmaeidal since there  i s  no reduction in  

t i t e r  below th a t  of th e  i n i t i a l  inoculum (Figs. 5 , 6 , 7) In  the  presence o f 

up to  lOOywg/ml rifam pin.

The importance o f the  inoculum size  in  the response to  rifam pin 

o f A. la id la w ii .  A, i s  suggested by comparing the  percent in h ib itio n  a f te r  

24 hours incubation in  the  presence o f 5^g /m l rifam pin observed in  Figure 

4 and Figure 5* Ih Figure 5, th e  i n i t i a l  number o f CFU was approximately 

100-fold h igher (2,0 x  10^ CFU/ml) than  th a t in  Fig, 4 (2 x 10^ CFO/ml). 

Approximately 90 percent in h ib itio n  was produced by ^ g / m l  rifam pin, 

whereas fo r  the  lower inoculum, the  in h ib itio n  was over 99 percen t. Since
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th is  d iffe ren ce  was observed by comparing r e s u l ts  of two d if fe re n t  experi­

ments, a  s in g le  experiment was designed to  measure the e f fe c t  of inoculum 

size  on th e  growth response to  rifam pin. Three 20 ml po rtions o f  PPIX) 

broth  were inoculated with fre sh ly  thawed stock culture c e l l s ,  the s ize  

o f the inoculum varying ten -fo ld  among each c u ltu re . A fter inocu lation , 

each 20 ml po rtion  was mixed and divided in to  a p a ir  of 10 ml po rtions, 

and rifam pin was added to  one o f each p a ir  to  give a f in a l  concentration 

of j^ g /m l.  Growth o f the  s ix  cu ltu re s  was followed by determining CPU/ml 

a t  in te rv a ls  throughout a 23-hour incubation period in  o rder to  measure 

the  v a ria tio n  in  leng th  of the period o f tra n s ie n t in h ib itio n  as a function  

o f  inoculum s iz e . The resu lting  growth curves a re  depicted in  figu re  8. 

Growth in  th e  absence o f r i f  was approximately the  same fo r  a l l  inoculum 

s iz e s , as ind icated  by the lag tim es (6-8 hours) and the doubling tim es 

(DT) which were 1.5 -  2.0 hours. Thus, n e ith e r lag  times nor growth ra te s  

appear to  be a function of inoculum s iz e . Rifarq)in (5/6g/ml) in  the  medium 

caused delays in  growth of 13, 22 and 28 hours fo r  inoculum sizes of 1.6 x 

10^, 1.9  X 10^ and 2,1 x 10^ CFU/ml, resp ec tiv e ly . Rif d id  no t delay growth 

fo r  the  h ighest inoculum size  c u ltu re  even though i t  s ig n if ic a n tly  decreased 

the  growth r a te .  However, fo r inoculum sizes o f 1.9 x 10^ and 2,1 x 10^, 

growth in  th e  presence of r i f  was delayed by 12 and l6  hours, respec tive ly , 

beyond th e  nonnal la g . Reduction by rifam pin o f t i t e r  below the  lowest 

inoculum s iz e  o f 2 .2  x  10^ CFO/ml cannot be a ttr ib u te d  to  k i l l in g  by the 

a n tib io tic ,  since a l l  the  contro l cu ltu res  without rifam pin showed a simi­

l a r  reduction  in  t i t e r  before exponential growth began. Inoculation  in to  

medium th a t  was not pre-warmed may have contributed to  th e  la g  phase in  th is  

e^qperiment. The main conclusion gained from th is  ejqperiment i s  th a t  de­

creasing inoculum sizes lead to  increased duration  of the  tra n s ie n t



Figure 8, T ransient in h ib itio n  by rifam pin of growth of 
A. la id la w ii. A, in  PPLO broth as a function o f  inoculum s iz e . The 
broken l in e s  designate the  growth o f cu ltu res containing ^/(g/m l o f 
rifam pin; th e  corresponding so lid  l in e s  rep resen t the  growth of the 
con tro l cu ltu re  without rifang)in. iSÿmbols a re  id e n tif ie d  h7 the  CFU/ml 
designated a t  zero tim e, which rep resen t th e  inoculum size  fo r th e ir  
respective  cu ltu res . The inoculum source was fre sh ly  thawed stock 
cu ltu re . Rifampin ( f in a l  concentration, ^ ^ g /m l)  was added from an 
ethanol-medium so lu tio n .
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in h ib itio n  by rifanq>in. I t  should a lso  be pointed out th a t  of

r ifa n p in  a re  unabls to  k i l l  ^  la id la w ii even when th e  c e l ls  a re  in  th e  

poor physiologic condition assumed to  be associated  w ith la g  phase.

Resistance o f in d iv id u a l CFU. The f a c t  th a t th e re  i s  no d e te c t­

ab le  k i l l in g  by rifam pin in  bro th  (Figs. 6 & 7) suggests th a t  e s se n tia lly  

a l l  the  c e l ls  of the  c u ltu re  a re  re s is ta n t  to  a c w ta in  degree o r th a t  

c e l l  growth and death proceeded a t  the  same r a te .  Mareover. i t  seems th a t  

th e  denser th e  c e l l  population i s  before exposure to  rifam pin , the  more 

r e s is ta n t  i s  the  cu ltu re  to  the  ac tion  o f rifam pin. The issu e  thus pre­

sen ts  i t s e l f  as to  whether each c e l l  i s  ab le to  adapt and grow in  th e  

presence o f  rifam pin. The experiment designed to  reso lve th is  question 

involved measuring the  proportion o f r i f - r e s i s ta n t  c e l ls  in  a  population 

which had not been previously  exposed to  rifam pin. Samples o f c e l ls  grow­

ing in  th e  absence o f rifaoq>in were withdrawn a t  su itab le  in te rv a ls  and 

p la ted  on both rifam pln-and non-r i f  ampin-containing agar. Comparison o f 

th e  t i t e r s  from both types of p la te s  should rev ea l th e  ex ten t to  which in ­

d iv id u a l colony forming u n its  a re  r ifam p in -re s is tan t. The re s u l ts  a re  shown 

in  Table 4 . As in d ica ted , samples taken Arom th ree  d if fe re n t  growth stages 

o f the  cu ltu re  were compared. Early and l a t e  log phase c e l ls  appear to  be  

b e s t ab le  to  demonstrate rifam p in -resistance . w ith $Z percen t and 88 p ercen t, 

re sp ec tiv e ly , able to  grow on p la te s  containing l ^ g / m l  r ifa o ^ in . However, 

only 73 percent o f the  l a t e  s ta tio n a ry  phase c e l l s  survived th e  rifam pin 

p la tin g  conditions. I t  i s  concluded th a t  the absence o f  measurable k i l l in g  

in  b ro th  (F igs. 6 & 7) presumably re f le c ts  the  a b i l i ty  o f approximately 90 

percent o f  the  ind iv idua l CFU to  r e s i s t  the  ac tio n  o f rifam pin . In o ther 

words, approximately 90 percent o f log phase c e l ls  survive rifam pin t r e a t ­

ment and eventually  grow. However, th i s  percentage apparen tly  decreases 

a s  the  cu ltu re  ages.
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TABLE 4

PROPORTION OP POPULATION ÜNEXPOSSD TO 
RIFAMPIN THAT ARS ABLE TO GROW ON 

RIFAMPIN-CONTAINING AGAR

Growth Stage* CFU/ml Percent o f Popu­
la tio n  Able to  
Grow on R if AgarR if Agar'* Non-Rif Agar

Sarly log (3) 3.6x10* 3.9x10® 92

Late log (26) 7.6x10® 8.6x10® 88

Late sta tio n ary  (44) 6.4x10® 8.7x10® 74

^Samples were a l l  taken from th e  same PPLO broth c u ltu re  without 
r i f .  The numbers in  parentheses are  th e  hours o f incubation p r io r  to  
p la tin g . The zero tim e t i t e r  was 1.4 x  10° CFU/ml.

^ ^ e  concentration  o f r ifa s^ in  in  th e  agar was 10 ag /m l. These 
p la te s  were incubated fo r  2 weeks (see M aterials and Methods).

°lhe percen t o f th e  mycoplasmal population able to  grow on r i f -  
containing agar was calcu lated  by d ividing th e  number o f CFU/ml counted on 
unsupplanented p la te s  and m ultiplying by 100.
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Inh ib ition  o f in  vivo RNA synthesis. The a b i l i ty  of rifam pin 

to  in h ib i t  RNA polymerase a c t iv i ty  in  prokaryotes i s  w ell documented 

( re fs . 124, 124a). To determine the effectiveness o f rifam pin in  in h ib i­

t in g  ^  vivo RNA synthesis o f A. la id la w ii. A, we measured the  amount of
*»

u rid in e -5 - H incorporated in to  the  cold TCA-precipitable m ateria l o f growing 

log phase cu ltu re  in  the  presence of increasing concentrations o f rifan ^ in .

Log phase c e l ls  were prepared fo r the  pulse experiment by inocu­

la t in g  500 ml PPLO medium w ith 2 ml fresh ly  thawed stock and incubating 

fo r  17 hours a t  37C. Samples (10 ml) were p ipetted  in to  screw-capped 

tubes and incubated fo r  an ad d itio n a l hour before rifam pin o r actinomycin 

were added. A fter a 15 minute preincubation with the a n tib io tic ,  labeled 

u rid in e  was introduced and th e  pulsing procedure followed as described in  

Chapter I I .  The percentage o f u rid ine incorporated in to  a n tib io tic - tre a te d  

c e l ls  was calcu lated  by se ttin g  the corresponding value fo r un trea ted  c e lls  

equal to  100. The r e s u l ts ,  expressed as percent in h ib itio n  as a function 

o f rifam pin concentration , a re  shown in  Figure 9» The re s u l ts  in d ica te  

th a t  in  vivo incorporation o f t r i t i a t e d  urid ine in to  cold TCA-precipitable 

m ate ria l (RNA) i s  in h ib ited  50 percent hy 0 .2 ^ g /m l  rifam pin, and 8? per­

cent by concentrations o f 10 to  50^g/m l rifam pin. I t  i s  concluded th a t 

RNA synthesis i s  sen s itiv e  to  low concentrations o f rifam pin u n t i l  60-?0 

percen t in h ib itio n  i s  reached (approximately ^ g / m l ) ;  increasing  amounts 

o f rifam pin slowly ra is e  the  percent in h ib itio n  to  approximately 8? percent 

( l ( ^ g /m l) .  Concentrations between 1 0 -2 ^ g /ra l  rifam pin do no t e levate  

in h ib itio n  above 8? percen t. Hence, in h ib itio n  by rifam pin o f RNA syn­

th e s is  appears to  reach a p la teau  a t  approximately 8? percent o f the  to ta l  

RNA synthesis in  the  c e l l .  Iforeover, the  res id u a l 13 percent incorporation 

allowed by 1 0 -5 ^ g /m l rifam pin i s  e s se n tia lly  not observed when the  c e lls
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3
Figure 9# S M b itio n  o f u rid in e -5 - H incorporation  in to  TCA-

inso lub le  m ateria l in  PFLO broth  cu ltu res o f  A. la id la w ii .  A, by varying 
concentrations o f rifam pin. C ells were preincubated w ith rifam pin or 
actinonqrcin D fo r  15 minutes a t  37°C p rio r  to  add ition  o f  labeled u rid ine . 
The pulse la s te d  8 minutes. 100$ incorporation equaled 4 .6  x  10^ dpm/109 
CFU. Rifampin was added as an ethanol-medium so lu tio n . Actinomycin D 
was added from a 1 mg/ml so lu tion  of 1 .5  M K d .
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a re  tre a te d  w ith l ( ^ g / in l  actlnonycin  D (Figure 9 ) , suggesting th a t  th ere  

I s  a fra c tio n  o f  RNA synthesis which i s  re s is ta n t  to  rifam pin, but no t 

Actinomycin D.

The da ta  appear to  be consisten t w ith the  view th a t  the  tnyeoplas- 

m asta tic  e ffe c t o f  rifam pin i s  associated  w ith i t s  known a c t iv i ty  as an in ­

h ib i to r  of RNA eynthesis.

Growth response to  rifam pin of exponentially m ultiplying c e l ls .  

In h ib itio n  o f RNA synthesis was determined by add ition  o f rifam pin to  ex­

p o n en tia lly  growing cu ltu res  (Fig. 9 ) . Therefore experiments were designed 

to  measure in h ib itio n  of growth by add ition  o f the  a n tib io tic  to  log  phase 

(F igs. 4 and 5 )r ra th e r  than to  fre sh ly  thawed (Figs. 7 and 8) o r s ta tio n a ry  

phase (Fig. 6) c e l l s .  For these  experiments pre-warmed PPLO broth without 

and w ith  rifam pin was inoculated w ith c e l ls  from a growing c u ltu re . The 

growth response to  j^ g /m l o f rifam pin of a very low beginning t i t e r  o f

2 .0  X 10^ log phase CFO per ml i s  shown in  Figure 4 . There i s  some suggestion 

o f  th e  b iphasic growth p a tte rn  observed previously (Fig. 7 ) . However, even 

w ith  such a low inoculum s iz e , j^ g /m l  cannot produce 100 percent tra n s ie n t 

in h ib it io n  as was observed w ith  a higher inoculum of thawed c e l ls  in  Figure 7 . 

The po rtion  of th e  growth curve corresponding to  tra n s ie n t  in h ib itio n  r e f le c t s  

a doubling time o f 29 hours (Fig. 4 ) . This value rep resen ts 93 percent in h i­

b i t io n  o f the  uninhibited  generation  time o f 2 hours. The second phase 

doubling time which ensues following th e  onset o f recovery from tra n s ie n t 

in h ib it io n  was a lso  markedly longer (14 hours) than th e  u n ix d ij^ lt^  tim e. !Dfo 

conclusions were drawn from the  r e s u l ts  shown in  Figure 4: 1) exponentially- 

growing c ^ l s  o f A. la id la w ii . A, appear to  be more r e s is ta n t  to  rifam pin than  

lag  phase c a l ls  and, 2) th e  growth ra te  following recovery from tra n s ie n t 

in h ib itio n  by rifam pin remains su b s ta n tia lly  slower than  th a t  o f the  co n tro l
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cu ltu re  containing no rifam pin.

The r e s u l ts  o f th e  experiment depicted in  Figure 4 suggested 

another, s im ila r experiment to  in v es tig a te  two hypotheses: 1) th e  p o ss ib il i ty

th a t  a higher inoculum size  would e lim inate the tra n s ie n t  phase o f  in h ib itio n  

by rifam pin and, 2) th e  slower o v e ra ll growth ra te  o f A. la id la w ii . A, cu ltu res 

induced by rifam pin would produce lower c e l l  y ie ld s  a t  th e ir  peak o f growth. 

Pre-warmed PPLO b ro th  in  th ree  tubes containing 0, 5 and l ^ g / m l  o f rifam pin, 

resp ec tiv e ly , were each inoculated  w ith exponentially growing c e l l s  to  give 

i n i t i a l  t i t e r s  o f approximately 2.0 x 10^ CFU/ml. The r e s u l ts  presented in  

Figure 5 show th a t  th e  growth ra te  i s  decreased in  the  presence o f  rifam pin, 

but th e re  i s  no evidence o f  a biphasic response to  the  a n tib io tic .  Doubling 

tim es of the  cu ltu re s  in  th e  presence of rifam pin are  approximately 5*5 hours 

w ith  ^ g / m l  and 8 .5  hours fo r  l ( ^ g /m l rifam pin. In  ad d itio n , th e  growth 

y ie ld  obtained w ith 5 ^g /m l rifam pin was one log le s s  than th a t  o f the  contro l 

c u ltu re , whereas th a t  obtained with 10yfg/m l rifam pin i s  approximately 1.5 

logs lower. I t  i s  concluded th a t  rifam pin, in  concentrations o f  5 and 10 

^ g / r a l ,  reduces s ig n if ic a n tly  the  growth y ie ld  below th a t  of the  uninhibited  

cu ltu re  under the  conditions o f  th is  experiment. Whereas the  lower inoculum 

s iz e  o f 2 X 10^ CFU/ral shows tra n s ie n t in h ib itio n  (F ig . 4 ) , th e  100-fold 

higher inoculum s iz e  o f 2 x 10^ CFU/ml shows no such b iphasic  growth (Fig. 5)* 

Therefore, i t  appears th a t  tra n s ie n t in h ib itio n  i s  overcome as th e  inoculum 

siz e  o f c e l ls  in  log  phase increases. A sim ila r conclusion was reached with 

regard to  the e f fe c t  o f inoculum size  on tra n s ie n t In h ib itio n  when fresh ly  

thawed c e l ls  were used (Fig. 7 ) . On th e  o ther hand, u rid ine  incorporation 

was in h ib ited  s ig n i f ic w t ly  by ^ g / m l  rifam pin in  a rap id ly  growing cu ltu re  

o f high t i t e r  (1.1 x 10® CFO/ml) as seen in  Figure 9.

Based on th e  hypothesis th a t  high concentrations o f rifam pin



63

could evoke a b iphasic  growth response even from high t i t e r s  o f  exponen­

t i a l l y  growing c e l ls ,  samples were t i te re d  a t  short time in te rv a ls  to  in ­

crease the  re so lu tio n  o f measurements during tra n s ie n t in h ib itio n . The 

r e s u l ts ,  shown in  Figure 10, allow a c lose  look a t  the  i n i t i a l  events in  

th e  growth response to  rifanqiin o f a log phase c u ltu re . The high inoculum 

o f 8 .5  X 10^ CFU/ml responded to  the add ition  of lOO^g/ml rifam pin by giv­

ing evidence fo r  tra n s ie n t in h ib itio n . However, th e  evidence i s  based upon
ft

one p o in t, taken a t  th ree  hours, th a t gave a t i t e r  o f 1.5 x 10 CFU/ml.

We conclude th a t  tra n s ie n t growth in h ib itio n  o f A. la id la w ii . A, 

appears to  be .a  general c h a ra c te r is tic  o f the  organism 's growth response to  

rifam pin.

Release o f in h ib itio n  by rifam pin of labeled  u rid ine  incorpora- 

t io n  in  log phase cu ltu res o f A. la id la w ii. A. Therefore, i t  seemed reason­

ab le  to  ask whether the  in h ib itio n  by 5^g /m l rifam pin of RNA syn thesis in  a 

log phase cu ltu re  o f high t i t e r  (Fig. 9) i s  tra n s ie n t o r i s  p e rs is te n t  fo r  a 

s ig n if ic a n t period of tim e. To help solve the  question , u rid ine  incorpora­

t io n  in to  acid -inso lub le  m ateria l o f a high t i t e r ,  log phase cu ltu re  o f A. 

la id la w ii . A, was measured. Arior to  add ition  of the  labe led  u rid in e , the  

c e lls  were allowed to  incubate fo r  various leng ths o f tim e in  the presence 

o f  ̂ ^ g /m l  rifam pin. The re s u l ts  a re  given in  Table 5»

Inh ib ition  by 3^g /in l o f rifampin remains q u ite  constant through­

out 20 minutes o f incubation w ith the  a n tib io tic  giving 72-77 percent in ­

h ib itio n . After 30 and 45 minutes, however, the  in h ib itio n  i s  l e s s ,  a t  53 

and 55 pe rcen t, resp ec tiv e ly .

FYom Table 5 we concluded th a t  3 ^ g /n l  rifam pin s ig n if ic a n tly  re ­

duces RNA synthesis in  a log phase cu ltu re  a t  high t i t e r  and th a t  a t  30 

and 45 minutes o f incubation recovery appears to  begin.
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Figure 10, I n i t i a l  growth response to  rifam pin (10 (^g /in l) o f A. la id la w ii. 
A, in  PPLO broth  inoculated  with a high t i t e r  o f log phase c e l ls .  Rifampin 
VAS added from a DMSO solu tion . The broken l in e  rep resen ts growth o f the  
cu ltu re  containing no rifam pin, and the so lid  l in e  rep resen ts  growth o f the  
cu ltu re  in  the  presence o f iOO^g/ml of rifam pin.
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TABLE 5

RELEASE OP INHIBITION BÏ RIFAMPIN OF URIDINE-W^ 
INCORPORATION IN LOG PHASE» CULTURES OF 

A. la ld la w ii. A

Rifampin
(;ig /n l)^

Pre-incubation
Time

(minutes)

Mean
cpm9

Percent
In h ib itio n

3 5 707 77
None 5 2954

3 10 791 72
None 10 2760

3 15 673 72
None 15 2388

3 20 666 72
None 20 2304

3 30 506 53
None 30 1080

3 45 566 55
None 45 1241

»TLters fo r  th e  experiment were taken from th e  cu ltu re  w ithout 
rifam pin from lA ieh th e  samples fo r  pulsing were taken. One t i t e r  was 
taken a t  th e  beginning and another a t  the  end o f  the e x p o r te n t  th a t  
la s ted  1 ,5  hours. The t i t e r  a t  the beginning was 3.1 x  10° CFU/ml, the  
t i t e r  a t  th e  end was 6 .0  x  10° CFU/mL. T ite rs  in  the  Table rep resen t the  
average o f  two d if f e r e n t  samples taken immediately p r io r  to  pu lsing .

^Rifampin was added as an ethanol-medium so lu tion .

°Average cpm values were ca lcu la ted  by averaging two determ inations, 
than su b trac tin g  th e  average zero time incorporation  as described in  
M aterials and Methods, The tim e allowed fo r  incorporation  o f la b e l  was 
5 m inutes.



67

Growth Response of M. o ra le  to  Rifarg)ln 

Since the  requirements fo r  ch o leste ro l th a t  d is tin g u ish  c lasses 

o f  nycoplasmas may be re f le c te d  in  membrane structure»  the e ffe c t  o f r i f ­

ampin on the  growth o f N« o ra le , a  cho lestero l-requ iring  mycoplasma» was 

measured. PPLO broth  cu ltu res were inoculated w ith  c e l ls  growing loga­

rith m ica lly . Growth was followed throughout an extended incubation time 

by measuring CFU a f te r  12» 26» )8» 60» and 89 hours o f incubation. The 

r e s u l ts  a re  shown in  Figure 11. Arom an inoculum le v e l  o f 2 .0  x 10^ CFU/ml» 

the  un inh ib ited  cu ltu re  increased by 1.5 logarithm s to  approximately 3 .5  x
D

10 CFU/ml befo re  decreasing in  t i t e r  w ith prolonged incubation. An im­

p o rtan t observation i s  th a t  ^  orale  grew in  the  presence o f  up to  lOO^g/ml 

rifampin» ju s t  as d id  A. la id la w ii. A, (Fig. 10). Additionally» the  re ­

s u l ts  in  Figure i l  in d ica te  th a t  the  peak growth y ie ld s  a tta in e d  by the  cu l­

tu re s  in  the  presence of rifam pin are  generally  decreased a s  the  concentra­

t io n  of rifam pin i s  increased . I t  should be kept in  mind» fo r  purposes of 

comparison» th a t  the  PPLO medium fo r ^  o ra le  contains 20 percen t serum 

compared w ith 10 percent used in  PPLO medium fo r  cu ltu res  o f A. la id la w ii.

A. Although th e  membrane o f A. la id la w ii. A» i s  s tru c tu ra lly  d if fe re n t from 

th a t  o f M. o ra le , both s tra in s  show reduced c e l l  y ie ld s  w ith up to  lOOy^/ml 

rifam pin. Therefore» the  e ffe c t of rifam pin on c e l l  y ie ld s  appears to  be 

unrela ted  to  th e  d ifferences in  membrane s tru c tu re .

Environmental fac to rs  influencing the  response of 
A. la id law ii. A» to  rifhmpin

Chrowth Response in  Enriched Medium and a t  Lower Temperatures

la n c in i  e t  a l  (59) observed th a t  upon methionine s ta rv a tio n  E. c o l i  

underwent a re v e rsa l  o f in h ib itio n  of RNA synthesis due to  rifam pin . This 

rev e rsa l was assoc ia ted  w ith a reversa l o f the  c id a l e ffe c t  o f rifam pin. A
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Figure 11. Growth reaponee to  various concentrations of rifam pin 
o f H. o rale  in  PPLO broth (20^ serum). The curves a re  id e n tif ie d  
bgr 5 ie  number o f^ g /a l  o f rifaiq>in. Rifampin was added from a 
DM30 so lu tion . Dwculum source was a log phase cu ltu re .
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possib le  explanation fo r  the  s ta tic*  ra th e r  than cidal* e f fe c t  o f  rifam pin 

on growth o f A. la id la w ii . A* i s  th a t  i f  the  amino acid  requirem ents o f the  

organism were not fu lly  met by th e  growth medium* a slowdown in  RNA syn thesis 

might r e s u l t  in  a fashion sim ilar to  the  s tringen t con tro l o f  RNA synthesis 

in  2. c o li and reduce the  organism 's se n s it iv ity  to  in h ib itio n  o f RNA syn­

th e s is .  The experiment designed to  investiga te  th is  p o s s ib i l i ty  consisted 

o f  reducing th e  drain  on the amino acid  pool in  two ways: 1) add ition  of

more amino acids* espec ia lly  methionine* in to  the  gro\^h medium; and 2) r e ­

duction o f th e  metabolic ra te  o f th e  cu ltu re  by incubation a t  a lower tem­

pera tu re  (30°C ra th e r than 37^C). The purpose o f th e  experiment was to  de­

term ine i f  rifam pin could k i l l  th e  c e l ls  under the  following conditions:

1) PPLO bro th  medium supplemented w ith 1 percent (w/v) NZ-case amino ac id s;

2) PPLO b ro th  medium supplemented w ith 1 percent NZ-case amino ac ids p lus 

20Cy^g/mI methionine; and 3) the  usua l PPLO broth  medium but incubation o f 

the  cu ltu re  a t  30°C. A fourth  cu ltu re  in  PPLO bro th  incubated a t  37°C served 

as the  co n tro l. AH four cu ltu res  contained 5 ^ g /n l  rifam pin. Cultures were 

inoculated w ith log phase organisms and t i t e r s  taken a f te r  2* 9 and 21.5 hours. 

The re s u l ts  (Fig. 12) show th a t  under none of th e  conditions in  the  e]qperiment 

were t i t e r s  reduced below the  inoculum size  which would in d ic a te  k i l l in g  by 

rifangiin. However* an e ffe c t on rifam pin -inh ib ition  o f growth was observed. 

The th ree  cu ltu res  containing supplements to  the PPLO broth  medium allowed 

increased in h ib itio n  by rifam pin w ith increasing add itions to  the  medium.

A fter 8 hours of incubation* in h ib ited  growth o f the  cu ltu re  containing

no add itions to  the  medium reached a t i t e r  approximately 1 logarithm  

above the  inoculum level* the  cu ltu re  containing the  add ition  o f  1 percent 

NZ-case amino acid  yielded an increase  o f 0.5  logarithm  above inoculum 

level* and th e  r ic h e s t medium, containing PPLO broth  supplemented with
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Figure 12. l i ia b l l l ty  o f rifam pin to  become nqrcoplasmacidal fo r  A. la id la w ii . 
A, under a lte re d  cu ltu re  conditions in  PPLO broth. The four conditions as 
designated in  th e  fig u re  a re : none, PPLO broth  incubated a t  37C; 30C,
PPLO b rc th  incubated a t  30C; A.A., PPLO b ro th  supplemented w ith 1 percen t 
N-Z case amino a c id s , incubated a t  37C; and A.A. + met, PPLO broth  supple­
mented w ith  1 percen t N-Z case amino acids p lus 200jUg/ml m ethionine, incu­
bated a t  37 C. A ll four cu ltu res  contain 5^ g /m l rifanqpin added from an 
ethanol-medium so lu tio n .
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NZ-case amino acids p lus 200JisfmL methionine, allowed v ir tu a lly  no growth 

compared to  the  t i t e r  taken a f t e r  2 hours o f incubation. The l a t t e r  cu l­

tu re  did show an i n i t i a l  increase  in  t i t e r  w ith in  the f i r s t  2 hours o f in ­

cubation, however. This find ing  i s  another instance o f an i n i t i a l  increase  

in  t i t e r  in  a  c u ltu re  in  the  presence o f rifam pin, the  meaning o f which i s  

unclear. I t  i s  concluded th a t  add ition  of amino acids to  PPLO b ro th  medium 

increased the  s e n s i t iv i ty  o f A. la id la w ii. A, to  growth in h ib itio n  by 

rifam pin. Moreover, lowering the  metabolic r a te  o f the organism by reduc­

ing the  incubation temperature to  30C, o r  supplementing with 1.0 percen t 

(w/v) o f NZ-case amino acids w ith  or w ithout add itional methionine d id  not 

provide conditions allowing rifam pin to  e x e r t a  c id a l e ffe c t on A. la id la w ii , 

A. Methionine added in  overabundance a lso  ru le s  out methionine s ta rv a tio n  as 

th e  cause o f a mycoplasmastatic e ffe c t due to  possib le requirements o f 

methionine as a methyl group donor fo r  m odification of DNA or RNA.

Response o f Growth to  Rifampin in  Serum-less Media 

In order to  in v es tig a te  the  na tu re  o f mycoplasma's a b i l i ty  to  

r e s i s t  k i l l ^  by rifam pin, A. la id la w ii . A, was grown in  medium th a t  was 

more defined than the  PPLO b ro th  required fo r  most mycoplasma s t r a in s .

Casitone medium. Casitone medium (described fu lly  in  Chapter I I )  

containing 2 percen t casitone and 1 percen t dehydrated commercial y east 

e x tra c t requ ires no serum supplement to  support growth o f  A. la id la w ii . A. 

Glucose was added (0.5 parcen t, f in a l  concentration) to  casitone medium as 

a carbon source. Growth o f A. la id la w ii . A, in  casitone broth  i s  s im ila r  

to  th a t  in  PPLO bro th  in  th a t  the  doubling time i s  90-120 minutes, the  

maximum y ie ld  o f c e l l s  i s  approximately 10^ CPU/ml, and the  t i t e r  remains 

s tab le  fo r  severa l hours before declin ing .

Information regarding the  response o f A. la id la w ii. A, growth
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to  the  presence o f rifam pin in  casitone medium was needed, since the  ex­

periment depicted  in  Figure 12 ind icated  n u trien ts  influenced the  cells*  

response to  th e  a n tib io tic . Casitone broth d if fe rs  s ig n if ic a n tly  in  

n u tr it iv e  content (Chapter I I )  from PPLO broth , one major d iffe rence  being 

the  lack o f serum in  casitone b ro th . An experiment was performed to  measure 

the  t i t e r s  o f A. la id la w ii. A, cu ltu res  throughout a 24 hour incubation period 

in  rifam pin-containing casitone b ro th . The e ffe c t of ion ic  streng th  on in h i­

b itio n  by rifam pin was te s te d  by varying the concentrations o f N ad . Rifampin 

was used a t  a concentration o f 10(^g /m l in  order to  e l i c i t  a s  d e f in it iv e  a 

r e s u l t  as p oss ib le . The re su lts  of th is  experiment are recorded in  Table 6. 

The re s u lt  o f  major significance i s  th a t ,  a f t e r  incubation fo r  24 hours, 

cu ltu res containing rifam pin were found to  be reduced in  t i t e r  by severa l or­

ders of magnitude below the inoculum lev e l o f 3*1 % 10^CFJ/ml. These d ras­

t ic a l ly  reduced t i t e r s  are evidence fo r  a mycoplasmacidal e f fe c t  by rifam pin 

and are  underlined in  Table 6. Whereas growth ensued more rap id ly  in  the  

presence o f 0.30 and 0.55)6 added N ad , k ill in g  was s lig h tly  le s s  e f f ic ie n t  

than a t  0.075)6 added N ad. The c id a l e ffe c t was evident fo r  a l l  the  

varia tions in  ion ic  streng th  te s te d . Control cu ltu res w ithout rifam pin 

showed the  maximum growth e:qpected, a tta in in g  t i t e r s  of around 10^ CFU/ml 

a f te r  24 hours incubation. The t i t e r s  of the  cu ltu res a f te r  8 hours 

incubation o f fe r  add itional information about the growth response of 

A. la id la w ii. A, to  rifam pin. There i s  no reduction by rifam pin in  

CFU bftLow the  inoculum le v e l of 3.1 x 10^ CFU/ml a f te r  3 hours o f incu­

bation . . The value th a t  does decrease below inoculum le v e l in  a rifam pin- 

containing c u ltu re , 2.2  X 10^ CFU/ml fo r  the  cu ltu re  containing 0.075 per­

cent N ad, cannot be a ttr ib u te d  to  rifam pin a c t iv i ty  since th e  con tro l
n

cu ltu re  w ithout rifam pin also  showed a sim ila r decrease, to  2 .8  x 10'
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TABLE 6

MYCOPLASMACIDAL ACTIVITY OF RIFAMPIN ON A. la id la w ii .  A, IN 
CASITONE BROTH CONTAINING VARYING NaCâ CONCENTRATIONS

Supplements CFO/ml

Rifampin* Added Nad** Hours o f Incubation
(lOOytg/ml) Percent ( Ib la r i ty ) 0 8 24

- 0.075 (6.1 mM) 3.1 X 10? 2.8 X 10? 9.1 X 10®

+ 0.075 (6.1 mM) 3.1 X 10? 2.2 X 10? 7 .4  X 10^

“ 0.15 (1.7 mM) 3.1 X 10? 4 .9  X 10? 1.0 X 10^

+ 0.15 (1.7 mM) 3.1 X 10? 4.7 X  10? 3.7 X 10*̂

- 0.30 (3.3 mM) 3.1 X 10? 1.9 X 10® 1.3 X  10^

+ 0.30 (3.3 mM) 3.1 X 10? 5.0 X  10? 3.1 X  10*̂

- 0.55 (6.1 mM) 3.1 X 10? 2.8 X  10® 1.6 X 10^

+ 0.55 (6.1 mM) 3.1 X 10? 4 .4  X 10? 2.4  X 10*̂

^Rif was added from a stock so lu tion  disso lved  in  DMSO.

o f th e  e igh t cu ltu re s  (10 ml) was inocu lated  by adding
1.0 ml o f  log phase c e l ls  from casitone broth cu ltu re  containing 0 .5  
percent MaCl to  9 ml o f  fresh  casitone broth to  give the  f in a l  added 
concentrations of NaCl indicated .
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CFU/ml, a f t e r  8 hours incubation. T ite rs  of th e  cu ltu res  without rifam pin 

a f te r  8 hours o f incubation are increasing ly  higher as th e  percent o f N ad  

i s  increased . Since th e  cu ltu re  used fo r  the  inoculum source fo r  th is  ex­

periment contained 0 .5  percent N ad , the  lack o f growth ind icated  by the  

t i t e r s  a f t e r  8 hours in  cu ltu res o f lower concentration o f N ad , (0.075 and 

0.15 percent) probably rep resen ts a la g  phase induced by change in  io n ic  

s treng th . The occurrence o f  such a lag  phase allows another observation to  

be made: even c e l ls  pu t in to  lag  phase by th e  shock o f a sudden decrease in  

io n ic  environment from a high (0 .5  percent N ad) to  a 6 .7 -fo ld  lower (0,075 

percent N ad) ion ic  stren g th  are  apparently not suscep tib le  to  s ig n if ic a n t  

c id a l a c t iv i ty  by rifam pin during th e  i n i t i a l  8 hours. Conclusions made 

from the  data  in  TaKLe 6 a re : 1) r i fa s ^ in  has a very d e f in i te  mycoplasma­

c id a l a c tio n  ag a in st A. la id la w ii. A, in  casitone broth a f t e r  2h hours o f  

incubation; 2) rifam pin does no t, however, k i l l  the organisms a f te r  ex­

posure to  th e  a n tib io tic  fo r  8 hours in  casitone medium; 3) even organisms 

in  lag  phase growth due to  th e ir  in troduction  in to  medium o f lower io n ic  

s treng th  a re  no t su scep tib le  to  k i l l in g  by rifam pin.

Response o f the  c e l ls  to  th e  presence o f rifam pin in  casitone 

medium supplemented w ith 10 percent serum i s  recorded in  Table ?• The cu l­

tu re s  w ithout serum supplement, showing the mycoplasmacidal e ffe c t o f r i f ­

ampin, a re  th e  same ones a s  are  represented in  Table 6 . As seen by th e  

t i t e r s  a t  th e  2h-hour tim e fo r  th e  cu ltu res containing serum, lOO^g/ml o f 

rifam pin d id  no t reduce the  t i t e r  below the  inoculum le v e l  (Table 7 ) . The 

t i t e r s  o f th e  cu ltu re  containing both serum and rifam pin were lower than 

those o f  th e  serum-containing c u ltu re  without rifam pin a f te r  8 and 24 hours 

o f incubation. These t i t e r s  ind ica ted  th a t , although c e l ls  were not k i l le d .
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TABLE 7

PROTECTION SÎ SERUM AGAINST MICOPUSMACIDAL 
ACTIVITY OF RIFAMPIN IN CASITONE BROTH

Supplements CFU/ml

Rifampin Serum Incubation Time (hrs)
( 1 0 0  |ig/ffll) ( 1 0 * ) 0 8 24

- - 3.1 X  10? 1 . 9  X  1 0 ® 1 . 3  X  1 0 ?

+ - 3 . 1  X  1 0 ? 5 . 0  X  1 0 ? 3 . 1  X  1 0 *

- + 3 . 1  X  1 0 ? 2 . 9  X  1 0 ® 9 . 0  X  1 0 ®

+ + 3 . 1  X  1 0 ? 5.3 X  10? 1 . 6  X  1 0 ®

NOTEx The conditions fo r  th is  experiment a re  exactly  as described fo r  
Table 6 except fo r  the  add ition  o f  serum; the  NaCl concentration 
used fo r  the  casitone broth  in  th is  experiment was 0.30 percent 
( f in a l ,  added amount).
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th e i r  growth ra te  was slower in  th e  presence than in  the  absence o f rifam pin . 

Therefore, i t  i s  concluded th a t  serum antagonizes the mycoplasmacidal a c tiv ­

i t y  o f rifargxin in  casitone b ro th .

SP-YS medium. Another sw um -less medium th a t  supports growth o f  A. 

la id la w ii. A, i s  SP-YE broth (Q iapter H ) .  Information concerning th e  response 

o f A. la id la w ii .  A, to  rifam pin in  a serum-less medium, o ther than c a s ito n e , 

was desired  in  determining the  uniqueness of serum as an an tagon ist o f  th e  

mycoplasmacidal action  of rifam pin. Data were obtained by measuring t i t e r s  

a tta in ed  in  24 hours o f incubation in  SP-Y2 cu ltu res  containing lOOywg/ml 

rifamqxin. The inoculation  o f th e  c u ltu re s  consisted  of adding 1.0 ml o f a 

la te  log phase cu ltu re  in  SP-YE b ro th  to  9 ml o f  fresh  SP-YS medium. The 

d a ta , c o llec ted  from four d if fe re n t  experiments, a re  diown in  Table 8 . The 

experiments a re  shown in  order o f increasing  inoculum s iz e  which re su lte d  ffom 

use o f c u ltu re s  o f d if fe re n t t i t e r s  fo r  inocula. Cultures show a s t a t i c  growth 

response to  rifam pin since th e i r  t i t e r s  were no t reduced to  below the  inoculum 

le v e l a f t e r  24-hour incubation. The very s l ig h t  decrease in  th e  rifam pin- 

containing cu ltu re  of Experiment 2 was considered in s ig n if ic a n t. The conclu­

sion made from these data  i s  th a t  components o f growth media o ther than  serum 

antagonize th e  c ida l a c t iv i ty  o f  rifam pin toward A. la id la w ii. A.

Agents which P o ten tia te  Rifampin 
K illing  in  SP-YS Madium

Membrane function  should be included a s  a  poss ib le  fa c to r  respon­

s ib le  fo r  th e  d ifference  between th e  c id a l and s ta t i c  response to  rifam pin 

by mycoplasma. Exqxeriments were th e re fo re  designed to  d e te c t a p o ten tia ­

t in g  e f f e c t ,  i f  any, o f  the  c jJ a l  e f fe c t  of rifam pin due to  add ition  to  

SP-YE medium of agents l ik e ly  to  increase  perm eability  o f rifam pin in to  

the  mycoplasmal c e l l .  Agents were se lec ted  on th e  basis  of th e i r  presumed
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TABLE 8

GROWTH RESPONSE TO 100 >(g/nl RIFAMPIN OF A. la id la w ii .  A,
IN SP-YE MQ)IUM

Experiment
T ite r  (CFO/ml)

iCLiainpin 
(100 ||g /m l) Zero Time 24 Hr. Incubation

1 2.7 X 10^ 6 .8  X 10®

+ 2.7 X 10^ 8 .0  X 10^

2 - 3.3 X 10*̂ 1 .3  X 10*

+ 3.3  X 10^ 3.1 X 10*̂

3 - 8.8 X 10^ 5.3  X 10®

+ 8.8  X 10? 9 .4  X lo7

4 - 1.0 X 10® 2.3 X 10®

+ 1.0 X 10® 2.0 X 10®

fRifanqpin was added from a DMSO stock so lu tion .
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o r known e ffe c ts  upon membrane o r tran sp o rt systems, o r, a lte rn a t iv e ly , th e i r  

capacity to  increase th e  so lu b ili ty  of rifam pin in  the growth medium. The 

ra tio n a le  o f th e  experiment i s  based upon th e  re s u lts  depicted in  Table 8 . 

Since r ifa o ^ in  has a s t a t i c  ra th e r than c id a l e ffe c t on A. la id la w ii .  A, 

in  SB-YE broth , an agent th a t  could p o ten tia te  the  c id a l a c t iv i ty  of r i f -  

aspin should be e a s ily  detected  fay a t i t e r  s ig n if ic a n tly  reduced below in ­

oculum le v e ls  in  cu ltu res  containing both rifam pin and the  agen t. Poten- 

t ia t io n  by agents th a t  themselves cause k i l l in g  would show th e i r  p o ten tia tin g  

e ffe c t fay increased k i l l in g  when combined w ith rifam pin. The r e s u l ts ,  ex- ' 

pressed as CFU/ml before and a f te r  24 hours incubation, can be seen in  

Table 9« The e ffe c ts  o f  added agents on th e  s ta te  o f a c u ltu re , both in  

the  presence and the  absence of rifam pin, can be generally catagorized  as 

follow s: 1) allowing growth or no growth in  the  absence of rifam pin and 

producing s ig n if ic a n t k i l l in g  in  th e  presence of rifampin; 2) producing 

k ill in g  in  the  absence o f rifam pin, faut increased k illin g  in  th e  presence 

o f rifam pin; 3) allowing growth in  the  absence of rifam pin, and no growth 

in  the  presence o f rifam pin . The f i r s t  two categories would suggest th a t  the  

agent acted as a p o ten tia tin g  agent fo r  the  c id a l a c tiv ity  o f  rifam pin. The 

th ird  category suggests th e  reverse , th a t  th e  agent did not help  rifam pin 

I r i ll  the  ta rg e t  organism. According to  the re s u l ts  in  Table 9» agents e f ­

fec ting  th e  r e s u l ts  considered to  belong in  th e  f i r s t  two ca tego ries  a re  

Gramicidins J and S, DMSO a t  concentrations o f  7*5 &nd 10 p e rcen t. T ris , 

pH 8.0, a t  0.06 M, Tween 80, m elle tin , and, possib ly , m ycostatin . Since these  

po ten tia ting  agents a re  known to  a c t  on membranes and, since DMSO probably 

makes c e l ls  more permeable to  rifam pin, impermeability o f c e l l s  to  rifam pin 

i s  suggested a s  the b a s is  fo r absence o f k i l l in g  in  SP-YE b ro th .
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TABLE 9

POTENTIATION OF RIFAMPIN KILLING BY VARIOUS AGENTS
IN SP-YE BROTH

Added Agent Amount Rifampin* 
(100 ^g/m l)

T ite r (CFU/ml)
Zéro Time ^4 Hours

Experiment 1

None 2.7 X 10^ 6 .8  X 10®

None + 2.7 X 10^ 8.0  X 10?

T ris ,pH 8.0 0.02 M — 2.7 X 10^ 8 .6  X 10®

Tris.pH 8 .0 0.02 M + II 1.0 X 10®

Ttis.pH 8 .0 O.Ot M — II 2.7 X 10®

Tris.pH 8.0 0.04 M + II 9 .5  X 10?

Tris.pH 8 .0 0.06 M — II 2.7 X 10®

T ris ,pH 8.0 0.06 M + n 5.9 X lo5

DMSO 5H> C ^r) — II 6 ,6  X 10®

DMSO 5* (  " ) + II 4 .4  X 10?

DMSO 7.5^  (  " )  - II 4 .0  X 10®

DMSO 7.5$  ( " ) + II 3 .3  X 10®

DMSO 10.0$ ( " )
II 6,1 X 10®

DMSO 10.0$ ( " )  +
II 1.9  X 10®

Experiment 2

None — 3.3 X 10^ 1.3 X 10*

None + 3.3 X 10^ 3.1 X 10?

Amphotericin B 50 jig/m l — 3.3 X 10? 4 .3  X 10®

Amphotericin B 50 " + II 2.7  X 10?

"Rifampin was added from a DMSO so lu tion  o f  10 mg/uO.
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TABLE 9 (Continued)

Added Agent Amount Rifampin* T ite r  (CFO/ml)
(100 jlg/ml) Zero Time 24 Hours

None

Experiment 3

8 .8  X 10^ 5.3  X 10®

None . + 8 ,8  X 10^ 9 .4  X 10^

I^rcostatin 1 .0  ^g/m l — 8,8  X 10^ 3 .4  X  10®

Myco s t a t in 1 .0  " + ft 9 .0  X 10^

Mycostatin 10 " — II 4 ,4  X 10®

Mycostatin 10 " + II 3 ,2  X 10^

M elllten 1 .0  " M 2,7 X  10?

M elliten 1 .0  " + II 1 ,4  X 10^

M elllten 10 " II 1,7 X 10®

M elllten 10 " + II 4 .5  X 10?

None

E}q)eriment 4

1.0  X  10® 2,3  X 10®

None + 1.0 X  10® 2,0  X 10®

Q ranlcldln J 0.1 jig/m l — 1.0 X  10® 1.6  X 10®

Gramicidin J 0.1 " + II 1 .4  X  10^

Gramicidin S 0.1  " — II 7 .7  X  1(P

Gramicidin 3 0.1 •• + II 5.0  X 10^

POlymlxim B 1.0  " II 9 .9  X 10®

Poljm ixln B 1 .0  « + II 1 .4  X 10®

Vallnomycln 1 .0  " 3 .6  X 10®

Valinonorein 1.0  " + II 1.8  X 10®

*Rifaag>in was added Arom a DMSO so lu tio n  o f 10 mg/ml



82

TABLE 9 (Continued)

Added Agent Amount Rifampin * 
(100 jig/ml)

T ite r CFD/ml)
Zero Time 24 Hours

Eq)eriment 4 (Contin aed)

B acitracin l.O ^ g /m l — 1.0 X 10® 9.2  X 10®

B acitracin 1.0 " + It 1.3 X 10®

HHQO 1.0 " — M 9.5 X 10®

HHQO 1.0 ” + It 1.2 X 10®

DNP 1,0 « — II 1.1 X 10^

DNP 1.0 " + II 2.0 X 10®

Tween 80 1:500 d ilu tio n  — II <5.0 X 10^

Tween 80 1:1000 " — II 2.8 X 10^

Tween 80 1:5000 " — II 4.1 X  10^

Tween 80 1:5000 " + II <5.0 X 10^

*Rifampin was added from a DMSO so lu tion  o f 10 mg/ml
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Genetic Factors Involved in  Resistance of 
A. la id la w ii. A, to  Rifampin

Are-exlstence o f Rifampin-Resistant (Rif-R) c e l ls  in  Cultures 
Onexposed to  Rifampin: The F luctuation Test

The nature and source o f occurrence o f r ifa n ç in -re s is ta n t v a ria n ts  

was fu r th e r  investiga ted  by use o f th e  c la s s ic a l  Luria-Delbruck f lu c tu a tio n  

t e s t  (66). This s t a t i s t i c a l  t e s t  i s  designed to  answer th e  following ques­

t io n : a re  th e  observed varian ts  due to  an adaptive response o f a constant 

proportion o f  the  population, o r a re  they the  r e s u l t  of random, spontane­

ous. genetic  events? I f  the l a t t e r  i s  tru e , then the  number o f v a rian ts  

measured in  indiv idual p a ra l le l  c u ltu re s , each growing from an inoculum o f 

a  very few c e l ls ,  should flu c tu a te  widely. I f .  however, an adaptive re ­

sponse causes the  rifam pin -resistance . then the  number o f v a rian ts  in  a 

s e r ie s  o f p a ra l le l  cu ltu res  should flu c tu a te  no more than th a t  found in  a 

s e r ie s  o f samples taken from the same bulk c u ltu re . Table 10 shows th a t  the  

variance (th e  f lu c tu a tio n  measurement) in  the  number of rifam p in -re s is tan t 

CFO i s  much g rea te r (11.245)' fo r  the 10 samples from the p a ra l le l  cu ltu res  

than  th a t  (693) fo r the  17 samples from the  same bulk c u ltu re . Hence, the  

r ifam p in -re s is tan t v a rian ts  in  population o f  A, la id la w ii. A. f lu c tu a te  

widely from cu ltu re  to  cu ltu re . The re s u lts  strongly  suggest th a t th e  b a s is  

o f  these  v a ria n ts  i s  a random, spontaneous mutagenic event and th a t  the 

mycoplasmal population i s  not homogeneous. This conclusion cannot be held 

s t r i c t l y ,  however, due to  th e o re tic a l assumptions required in  the app lica­

t io n  o f th e  f lu c tu a tio n  t e s t  th a t  cannot be assured in  the  case o f A. la id ­

la w ii. A. whose reproductive cycle i s  not w ell charac terised . I t  i s  a lso  

possib le  to  ca lcu la te  the  mutation frequency fo r  the  sing le  bulk cu ltu re  

(con tro l) and the p a ra l le l  t e s t  samples. The mutation frequency fo r  the
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TABLE 10

RANDOM NATURE OF EVENTS LEADING TO 
RIF-RESISTANT CFU: THE FLUCTUATION TEST

Control Sanqples Test Sanqples

210 53
201 363
197 15^
234 143
227 164
211 119
195 84
213 14
231 13

I? ,
232 
199
147
173

1
Sum 3,388 1,162
Mean (x) 199 I I 6
2(x-x)2 11,093 101,209
Variance 693 11,245

Note: The formula by which variance was calcu lated  i s :

Variance -  Z(x-x)^ 
n-1

X  = mean o f  th e  observed numbers o f  r i f - r e s i s t a n t  CPU 
X  = observed number number o f r i f - r e s i s ta n t  CFU 
n = number o f observations (samples)
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n
con tro l i s  3.3  x 10" , and the  average mutation frequency fo r  th e  ten  p a ra l le l

•7cu ltu res  i s  8.1 x  10 Also, th e  m utation r a te ,  calcu lated  from th e  formula 

r  = aNt log(aNtC) i s  2.5x10"^. In  th is  equation (66) r  = the  average number 

o f  mutants per sample, C i s  the number o f cu ltu res  o r samples (10 in  t h i s  

case ), a i s  the  mutation r a te ,  and Nt equals the  number o f b a c te ria  per sanq>le. 

Selection by Rifampin fo r  Pre-Existing Rif-R Population 

We asked whether outgrowth from rifam pin in h ib itio n  i s  due to  

se lec tio n  fo r  a p re -e x is tin g  population o f Rif-R c e lls  in  the  predominantly 

Rif-R population which had not been exposed previously to  th e  a n t ib io t ic ,  

cells were cu ltiv a ted  in  PPLO b ro th  w ith lOjUgJvtÛL r ifa iq iin . At su itab le  

in te rv a ls , samples were p la ted  on PPLO agar w ithout and w ith  lO ^g/m l a n t i ­

b io tic .  The re s u lts  a re  presented in  Figure 13. Ihe v iab le  c e l l  count 

found on agar without rifam pin i s  a measure o f the  to ta l  number o f c e l l s .

The count observed on agar containing rifam pin re f le c ts  th e  number o f Rif-R 

c e l ls  in  the  to ta l  population. The to ta l  number of c e l ls  in  th e  i n i t i a l  

inoculum was approximately 1.5 x  10 . Of th e se , 3 x  10 CFU/ml, or 0 .2^  

were Rif-R. In the  presence o f lO^g/nQ. rifam pin, the t o t a l  population shows 

a b iphasic growth p a tte rn . The i n i t i a l  doubling time o f th e  t o t a l  population, 

re f le c tin g  the  predominantly R if-S component, i s  approximately 8-9 hours. The

t i t e r  declines s l ig h tly  before resuming rap id  growth and eventually  a t ta in s  a
Q

t i t e r  o f approximately 5 x 10 CFU/ml. The doubling time o f the  un inh ib ited  

Rif-R component i s  approximately h hours during the slow i n i t i a l  growth o f the  

t o t a l  population. Eventually, th e  f a s te r  growing Rif-R c e l l s  outgrow th e  

R if-S  c e l l s ,  take over th e  c u ltu re , and comprise the  to ta l  population. Ihe 

t i t e r s  a t  96 and 122 hoprs suggest th a t  much o f the  Rif-R population may 

ac tu a lly  be rifampin-dependent since  t i t e r s  measured on agar containing 

rifam pin were s l ig h tly  higher than  those measured on agar w ithout rifam pin.
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Figure 13. Selection fo r  a r i f - r e s i s t a n t  population in  a PPLO 
broth  c u ltu re  of A, la id la w ii . A, containing 10jltg/ml of rifam pin. 
Inoculum consisted  o f log phase c e l ls .  Viable counts were performed 
on PPLO agar without and w ith lOyig/ml rifam pin. P la tes were incubated 
fo r  e igh t days. Rifampin was added as a D14S0 so lu tion . C irc les  rep re­
sen t the  t o t a l  c a l l  population; squares rep resen t the  R if - re s is ta n t  
population.
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88

Therefore, we conclude th a t  recovery and outgrowth from rifam pin in ­

h ib itio n  i s  due to  se lec tio n  by th e  a n tib io tic  fo r a p re -ex is tin g  population 

of Rif-R m utants.

S ta b ili ty  o f  Outgrown Rif-R Population 

We observed th a t  rifam pin (lOO^g/ml) has a s t a t i c  e f fe c t  on log phase 

A. la id la w ii . A, in  serum-containing SP-YE medium; the  period  of in h ib itio n  i s
Q

followed ty  outgrowth which reaches a peak t i t e r  of approximately 1,9 x  10 

CFU/ml a f te r  60-70 hours o f incubation (data  not presented h e re ). These fin d ­

ings a re  e s se n tia lly  sim ilar to  those fo r  PPLO broth. Demonstration o f s ta b le  

res is tan ce  to  rifam pin would im plicate  a genetic  o rig in  fo r  the r e s i s ta n t  char- 

a c tw is t ic .  Therefore, a cu ltu re  o f A. la id la w ii. A, grown in  SP-YS medium 

containing lOCy/g/ml rifam pin fo r  97 hours was subcultured th ree  tim es fo r  a 

to ta l  o f 24 doublings (62 hours) in  the  same medium in  th e  absence o f  r ifan p in . 

Hence, th e  re su ltin g  cu ltu re  could contain  a maximum o f only 4 .5  x 10”^ percent 

o f the  o r ig in a l  inoculum from th e  f i r s t  outgrown cu ltu re . Upon renewed ex­

posure to  r ifa n p in , c e l ls  from th i s  cu ltu re  should show s t a t i c  growth i f  the 

r i f - r e s is ta n c e  o f  the  o rig in a l cu ltu re  was due to  a re v e rs ib le  "adaptation". 

However, i f  th e  re s is ta n c e  was due to  a s ta b le  genetic change, the  r e s is ta n t  

phenotype should express i t s e l f  by undelayed growth upon re -in tro d u c tio n  in to  

rifam pin-containing medium. The re s u l ts  a re  shown in  Figure 14.

The undelayed growth i s  evidenced by an exponential increase  in  

CFU of over one logarithm  in  12 hours o f incubation in  medium containing 

10(^g /m l rifam pin. The s im ila r growth r a te  (doubling tim e, 2 h rs) o f  the 

c e l ls  in  non-rifasqpin mediisn fu r th e r  i l l u s t r a te s  the in te g r i ty  o f the  

rifam pin r e s i s ta n t  character o f th e  o r ig in a l outgrown c e l l s .  A fter 24 

hours o f incubation , however, the  cu ltu re  containing rifam pin was reduced in  

t i t e r  below th a t  measured a t  12 hours, whereas the  c u ltu re  without rifam pin
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Figure 1^. Retention ty  outgrown cu ltu re  o f r i f - r e e is ta n t  
phenotjrpe a f te r  subculturing in  eerun-containing SP-YE medium 
in  the  absence o f rifampin fo r  24 generations. Inoculum c e l ls  
vere  in  log phase and the  rifan p in  was added as a IXGO so lu tion . 
ViaUe counts were performed on PPLO agar. P la tes were incu­
bated fo r  4 days.
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continued to  increase between 12 and 24 hours o f  incubation. I t  was con­

cluded Arom th i s  experiment th a t  th e  rifam pin-resistance  o f outgrown c e l l s  

i s  s tab le  and h e rita b le . However, upon approaching s ta tio n ary  phase the  

rifampin-grown cu ltu re  appears to  become vulnerable to  rifam pin. This ex­

periment a lso  re in fo rces th e  conclusion made based on the  data  in  T&ble 2, 

th a t  rifam p in -re s is tan t outgrowth cannot be a ttr ib u te d  to  changes in  th e  

medium o r th e  rifam pin during incubation.

Mutagen-Induced Rif-R Mutants

Mutagenic events a re  obvious p o s s ib i l i t ie s  fo r explaining the  

development o f a r i f - r e s i s ta n t  population. Demonstration th a t  common 

mutagens induce a frequency o f r i f - r e s i s t a n t  v a rian ts  th a t  i s  s ig n if ic a n tly  

higher than th e  spontaneous frequency would provide evidence o f  the  

organism 's c ap ab ility  fo r  undergoing genotypic a lte ra t io n s . Frequencies 

o f  r i f - r e s i s t a n t  v a rian ts  were th e re fo re  measured under spontaneous and 

mutagenic conditions (see tu to r ia ls  and Methods).

U.V.-induced mutants. The re s u lts  o f these experiments a re  r e ­

ported in  Table 11. The s ig n if ic an t r e s u l t  o f  Table 11 i s  th a t ,  following 

U.V. i r ra d ia t io n  th a t  produced ?0 percen t k i l l in g ,  the  frequency of 

r i f - r e s i s t a n t  v a rian ts  increased s ig n if ic a n tly  above spontaneous frequencies. 

When casitone  agar lacking serum was used as  th e  se lec tiv e  medium, th e  

induction appeared more pronounced, w ith induced frequencies o f  333 

and 355 fo ld  fo r  re s is tan ce  to  50 and 10 (^g /m l rifam pin, resp ec tiv e ly .

When serum i s  p resen t in  the  se lec tio n  p la te s , the  lower induction , 80 and 

84 fo ld  fo r  re s is tan ce  to  50 and lOO^g/ml, resp ec tiv e ly , appears due mostly 

to  the  higher frequencies o f spontaneous v a ria n ts . The spontaneous frequen­

c ie s  of r ifam p in -re s is tan t v a rian ts  on serum-containing se le c tio n  medium 

a re  5.5 % 10"^ and 5.1 x 10"^ fo r  50 and lOO^g/ml rifam pin, re sp ec tiv e ly .



TABLE 11
INCREASED FREQUENCY OF RIF-RESISTANT VARIANTS OF A. la id la w ii. A. 

FOLLOWING A 70 PERCENT REDUCTION IN CFÜ BY U.V,"IRRADIATION

Mutagenic
Conditions^

SuM)lement8 to  
Selective Agar

Total Number o f 
CFÛ  iq>plied

R if-R esis tan t
CFO®

Frequency of 
R if-R esis tan t

CFO®

Fbld Increase 
o f R if-R esis tan t

Serum 
(10 percent

Rifasqiin 
.) (^g/ml)

to  R if Agar CFU Frequency

Induced
Spontaneous

- 50
50

3.3  X 10^ 
2,2 X 10^

102
246

3.1 X  10"!
1.1 X  lO"'^

333

Induced
Spontaneous

- 100
100

3 .3  X 10  ̂
2,8  X 10^

128
286

3 .9  X 10‘ |  
1.0 X 10''

. 355

Induced - 200 8 ,3  X 10^ 92 1.1 X 10"^

Induced
Spontaneous

+
+

50
50

8 ,3  X 10  ̂
1,7 X 10^

366
923

4 .4  X  lO 'l
5 .4  X  10“'

80

Induced
Spontaneous

+
+

100
100

8,3  X  10^ 
2,8 X  10^

356
1440

4 .3  X 10"!
5.1 X 10"'

84

NO

^Conditions fo r  mutagenesis a re  described in  M aterials and Msthods.
The to ta l  number o f CFU app lied  to  the  r i f  p la te s  was determined ^  t i t e r in g  

on serum -containing casitone agar w ithout rifam pin,
R if - re s is ta n t  CFU a re  defined as CFU having a  " fr ie d  egg" appearance a f te r  

U days incubation on th e  se lec tiv e  medium ind ica ted . Rifampin was added as a DM80 so lu tio n . 
The frequency o f  r i f - r e s i s t a n t  CFU was determined by d iv id ing  th e  number 

o f  r i f - r e s i s t a n t  CFU by the  t o t a l  number o f CFU applied  to  r i f  p la te s ,
®The fo ld  increase  o f r i f - r e s i s t a n t  CFU frequency was ca lcu la ted  hy dividing 

th e  induced frequency by th e  spontaneous frequency o f r i f - r e s i s t a n t  CFU,
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whereas th e  frequencies fo r  the corresponding r i fw p in  ooncw tra tions on 

non-senm casitone  se le c tio n  p la te s  a re  1,1 x 10~^ and 1.0 x  10""^. There­

fo re , th e  spontaneous frequency o f r ifa s^ d n -re s is ta n t v a ria n ts  fo r  both 

concnetrations of rifam pin i s  higher in  the  presence than in  the  absence 

o f  serum hy a fac to r o f approximately f iv e .

NTG-induced mutants. Table 12 shows th a t  NTG, a t  th e  concen­

t ra t io n s  used, i s  not so e ffec tiv e  as U.V. ir ra d ia t io n  in  inducing rifam pin- 

re s is ta n t  v a ria n ts . An NTG concentration of XOjlgfisù. e l i c i t s  a 10 fo ld  

increase in  th e  frequency o f rifaoq> in-resistan t v a rian ts  (5 .9  x 10“^) above 

th a t  of the  spontaneous frequency o f 5*8 x 10~'^. However, since the  f r e ­

quency was no t increased  fay ra is in g  the  concentration to  2 (^ g /m l NTG (the 

frequency drops to  2 .2  x  10**^), NTG cannot be regarded as an e ffe c tiv e  in ­

ducer o f r ifam p in -re s is tan t varian ts  o f A. la id la w ii. A, under these  

conditions.

S ta b il i ty  o f  Spontaneous and fTTG-Diduced Rif-R Mutants

As a t e s t  f o r  the  c r i te r io n  used fo r  the  id e n tif ic a tio n  o f rifam ­

p in - re s is ta n t  v a ria n ts , i . e . ,  growth o f a colony on rifam pin-containing 

agar in  4 days (the  tim e required fo r  colony development on non-rdf ampin 

ag ar), growth curves were compared o f two rifam p in -re s is tan t v a rian ts  de­

rived  from th e  NTG mutagenesis conditions described in  Table 11. One v a r i­

a n t, RV ,̂ arose spontaneously; and th e  o th er, RV8, was se lec ted  following 

treatm ent w ith lO ^g/m l NTG. The curves, represented fay Figure 15, show 

th e  growth o f the  two v a rian ts  subcultured in  both the  presence and absence 

o f  5yfg/ml o f  rifaog>in a f te r  having been c u ltiv a ted  in  the absence o f  rifam ­

p in  fo r  42 hours from low inocula o f thawed stock cu ltu res (also  depicted 

in  Figure 15). Therefore, the two v a rian ts  underwent over 14 doublings in  

th e  absence o f rifam pin before tra n s fe r  in to  th e  rifam pin-containing sub-
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TABLE 12

FREQUENCÏ OF RIF-RESISTANT VARIANTS OF A, la id la w ii . A, 
FOLLOWING TREATMENT WITH NTG

Concentration 
o f NTG 
(pg/ml)

T otal Number 
o f CFU Applied 
to  R if P lates*

Aimber 
o f R if-R esistant 

CFÛ

Frequency 
o f  R if- 

R esis tan t CFÛ

0 4 .3  X 10® 2.5 X 10^ 5 .8  X 10"^

5 2 ,9  X 10® 2.1 X 10^ 7 .2  X 10’ ^

10 9.7 X 10^ 5.7 X 10^ 5.9  X 10“^

20 1.9  X 10® 4.2  X 10^ 2 .2  X 10”®

The to ta l  number o f CFU applied to  the r i f  p la te s  was determined 
by t i t e r in g  on PPLO agar w ithout rifam pin,

^ R if-re s is ta n t CFU are  defined as the a b i l i ty  to  produce a colony 
o f " fr ie d  egg" appearance w ith in  4 days on PPLO agar containing 100 ug/ml 
rifam pin . Rifanpin was added as an ethanol-medium so lu tio n .

*The frequency o f  r i f - r e s i s t a n t  CFU was calcu lated  by div id ing  
the  number o f  r i f - r e s i s t a n t  CFU by th e  to ta l  number o f CFU applied  to  
th e  r i f  p la te s  fo r a given concentration o f NTG.
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Figure 15. S ta b ility  o f r i f - r e s i s ta n t  varian ts o f A. la id la w ii .
A, in  PPLO broth  medium with and without 5J*g/ml rifampin. Rifampin was 
added as a DMSO so lu tio n . Open symbols designate varian t RV8 and so lid  
symbols designate RV4, The subcultures fo r both s tra in s  a re  represen ted  
by tr ia n g le s  when r i f  i s  present in  the medium, by boxes when r i f  i s  absent. 
The growth o f  n o n -r if  cu ltu res serving as the  sources o f inocula fo r  the  
subcultures a re  shown with c irc le s ;  open c irc le s  fo r RV8 and so lid  c ir c le s  
fo r RV4. Viable counts were performed on PPLO agar. P la tes were incubated 
fo r  4 days.
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cu ltu re  medium. Hence, no more than  3 .0  x 10“^ percent o f the  o r ig in a l 

r i f - r e s i s t a n t  c e l ls  could have been p resen t in  the  inoculum tra n s fe rre d  

to  r if-c o n ta in in g  b ro th . P rior to  subcu ltu re , the  doubling tim es fo r  mu­

ta n t  RVU’ and RV8 a re  2 .6  and 2.0 hours, re sp ec tiv e ly . The two r i f - r e s i s t a n t  

v a rian ts  resumed undelayed growth upon inocu lation  in to  th e  r ifa n ^ in  medium 

w ith growth ra te s  very s im ila r to  those obtained in  the  absence o f rifam pin . 

The doubling time fo r  both v a rian ts  i s  approximately 3 hours. Another ob­

servation  concerning th e  growth behavior o f these  v a rian ts  i s  th a t  upon 

reaching s ta tio n a ry  phase, the  t i t e r s  in  rifam pin and non-rifam pin c u ltu re s  

remained s im ila r fo r  both v a rian ts . I t  i s  concluded th a t  th e  Rif-R p roperty  

o f  v a rian ts  o f R #  and RVS i s  s ta b le  and h e r ita b le .

To fu rth e r support the  conclusion th a t  the r i f - r e s i s t a n t  charac­

t e r  of the  v a rian ts  i s  s ta b le , samples o f the  two broth subcultures w ithout 

r i f  (Pig. 15) were t i t e r e d  a t  30 and 46 hours on PPLO agar containing 

lOOjjigfmL rifam pin. Variant RV8 showed 1.4 x 10^ CFU/ml on th e  r i f  p la te s  

a t  30 hours (conçared to  1.8 x 10^ CFU on n o n -r if  p la te s )  and a t i t e r  of
g

7 .0  X  10 CFU/ml on both r i f  and n o n -r if  containing p la te s  a t  46 hours. 

Similar r e s u l ts  were observed fo r  v a ria n t RV3. Hence, e s se n tia lly  a l l  the  

c e l ls  in  th e  population o f  each v a ria n t r e ta in  th e  a b i l i ty  to  grow to  normal 

s iz e  co lon ies in  the  presence o f as much as 100^ gfmIL r i f  even a f te r  ex­

tensive  growth in  i t s  absence.

E ffect o f Various In h ib ito rs  o f RNA Synthesis 
on A. la id la w ii .  A

E ffect on Growth

E ffect o f lomofungin, steffim ycin . s trep to lv d ig in . s tre p to v a ric ln  

and rifam ycin SV on growth in  PPLO b ro th . In h ib ito rs  o f RNA syn thesis  o ther 

than rifam pin were added to  log phase PPLO b ro th  cu ltu res  o f A. la id la w ii . A,
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and t i t e r s  measured a t  various time in te rv a ls . The re s u l ts  a re  shown in  

Figure 16, Both lomofungin and steffim ycin (lOCy/g/ml) k i l l  ^  la id la w ii . 

A. Lomofungin has th e  more e f f ic ie n t  c ida l ac tion  o f the  two, reducing 

rap id ly  the  i n i t i a l  population from 6 x 10^ to  7 x  10^ CFll/ml in  10 hours. 

This rep resen ts  a  k i l l  o f over 99 percent o f the  i n i t i a l  CFO. Steffim ycin 

k i l l s  40-50 percent in  10 hours. Additionally, s trep to ly d ig in  r e s u l ts  in  

s ta t ic  growth and strep to v a ric in  appears to  stim ulate growth a t  these  con­

cen tra tio n s .

Table 13 shows th a t the c id a l a c t iv i ty  of both lomofungin and 

steffim ycin  reduce th e  t i t e r  below detectable le v e ls  a f te r  24 and 72 hours, 

resp ec tiv e ly , and th a t  no outgrowth i s  observed even a f te r  96 o r 192 hours 

o f  incubation.

In another experiment, the re su lts  of which a re  presented in  

Figure 17, rifanye in  SV was shown to in h ib it  the  growth o f A. la id la w ii . A, 

when added to  a log phase cu ltu re  in  PPLO bro th . In  a manner s im ila r to  

rifa irç in  (F ig . 4 ) , rifam ycin SV seems to  cause a period o f tra n s ie n t in h i­

b itio n  w ith a doubling time (DT) equal to  15.4 hours p r io r  to  a recovery 

phase o f f a s te r  (DT = 6 .9  hrs) but not normal (DT = 1.9 h rs)  growth.

E ffec t o f s tre p to v a ric in , lomofungin, steffim ycin and s tre p to lv ­

d ig in  on growth in  casitone b ro th . S trep tovaric in , lomofungin, steffim ycin  

and strep to ly d ig in  were added to  a la te  log phase A. la id la w ii . A, c u ltu re  

in  casitone bro th  w ithout serum and t i t e r s  were followed fo r  24 hours.

Figure 18 shows th a t  s trep to v a ric in  caused th e  most e ffe c tiv e  k i l l in g ,  re -
8 U

ducing the  t i t e r  from 1.5 x 10 CFU/ml to  6 .0  x  10 CFU/ml (g rea ter than

99.9^ reduction) in  3 hours, CFU could not be detected in  th e  cu ltu re

a f te r  6 and 24 hours incubation in  th e  presence of th is  a n tib io tic .  This

ac tion  o f  s tre p to v a ric in  in  serum -less casitone broth i s  q u ite  opposite
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Figura 16. ùTOwth responses o f A. la id la w ii. A. to  various 
RNA synthesis in h ib ito rs  (lOO^g/ml) in  PPLO broth  cu ltu re . A n tib io tics 
were added as DMSO so lu tions. Abbreviations a re  a s  follows; s tv , 
s tre p to v a r ic in ; s t lg , strep to lyd ig in ; s t a f f ,  steffim ycin; lomo, lomo­
fungin. All cu ltu res were inoculated with log phase c e l ls .  Viable 
counts were performed on PPLO agar.
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TABLE 13

MTCOPLASMACIDAL ACTIVITY OF STEFFIMYCIN AND 
LOMOFUNGIN IN PPLO BROTH THROUGHOUT 

EXTENDED INCUBATION PERIODS

A ntib io tic Survival (CFU/rnl)
(100 jig/mL) Incubation Time (hours

Zero Time 24 48 72 96 192

Steffimycin 8 .6  X 10^ 3.0 X 10^ 3.8 X 10^ <5 X 10^ <5 X 10^ <5 X 10̂

lomofungin 8 .6  X 10^ <5 X 10^ <5 X 10^ <5 X 10^ <5 X 10^ <5 X 10̂

>1
A

Inocula ware log phase c e l ls ,  a n tib io tic s  ware added a s  DMSO 
so lu tio n s , and v iab le  counts were performed on PPLO agar p la te s .
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Figure 17, In h ib itio n  bgr rilfanorcin SV o f growth of A. 
la id la w ii. A. in  PPLO broth . Inoculum c e l ls  were in  log  phase. 
The f in a l  concentration of rifam ycin SV was 10 mg/ml. The 
a n tib io tic  was added Arom a ISiSO stock so lu tio n . Viable counts 
were performed on PPLO agar.
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Figure 13. Growth responses of A, la id la w ii. A, to  various HNA 
synthesis in h ib ito rs  (100^ g /m l each) in  casitone  serum -less broth  c u ltu re . 
A ntib io tics were added as so lu tions. A ll cu ltu res  were inoculated 
w ith log phase c e l ls .  Viable counts were performed on PPLO agar.
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the  observation in  Figure l6 , where, in  PPLO broth  c u ltu re , s tre p to v a ric in  

nay have stim ulated an increase in  t i t e r .  Lomofungin and steffim ycin  appear 

to  be e ffe c tiv e  in  casitone broth to  a sim ilar degree as in  PPLO b ro th  

(Figure 16) ,  k i l l in g  99 percent o f th e  CFU in  approximately 5 hours and 

g rea te r than 24 hours, re sp ec tiv e ly . S treptolydigin had d e tec tab le  e f fe c t  

on growth in  these experiments.

Survival in  PPLO broth as a  function o f lomofungin concen tra tion . 

Since lomofungin, a t  a concentration of lOO^g/ml, appeared to  be such an 

e ffec tiv e  nycoplasmacidal agent, we investigated  the  in fluence  o f  d if fe re n t  

concentrations o f th is  a n tib io tic  on the  su rv ival of A. la id la w ii .  A. Mea­

surements consisted  o f performing v iab le  counts a t  various tim e in te rv a ls .  

Results o f th e  experiment are  represented  in  Figure 19. The outstanding 

finding i s  th a t  under these conditions the  organisms rev ea l a re s is ta n c e  to  

the  c id a l a c t iv i ty  of th e  lomofungin u n t i l  a threshold concentra tion  le v e l 

i s  reached, a f te r  which k ill in g  occurs. This threshold l e v ^  appears to  

be between concentrations o f $0 and 6(y/g/m l o f lomofungin.

At concentrations below 50^g/ml* lomofungin shows no k i l l in g
8below the  i n i t i a l  inoculum size  o f  4 x 10 CFU/ml. At concentra tions above 

6 (^ g /m l, th e  a n tib io tic  i s  nycoplasmacidal. During the  f i r s t  6 hours, the  

i n i t i a l  r a te  o f k i ll in g  i s  a  function  o f lomofungin concentra tion . A fter 6 

hours, th e  r a te  o f k i l l in g  i s  r e la t iv e ly  constant and apparen tly  independent 

o f lomofungin concentration. Therefore, we conclude th a t  ^ e r e  i s  an e ffec ­

t iv e  th resho ld  lev e l o f  lomoftmgin between 50 end 60̂ g /m l .

E ffect on Ib  Vivo RNA Synthesis

D ihibition by rifam pin, lomofungin and steffim ycin o f  RNA syn­

th e s is . The b asis  fo r  the d iffe ren ce  in  PPLO broth between th e  s ta t i c  

growth response e l ic i te d  ty  rifam pin and th e  mycoplasmacidal a c tio n  o f
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figu re  19. Survival o f A, la id la w ii . A. in  PPLO broth as a  function  of 
lomofhngin concentration. Inocula were log phase c e l ls .  The numbers 
associated  with each curve rep resen ts ug/ml o f lomofungin in  the cu ltu re . 
Lomofungin was added from a DMSO stock so lu tion . Viable counts were per. 
formed on PPLO agar. P la tes were incubated fo r  4 days.
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lomofungin and steffiogrcin  was sought by measuring the  response to  these 

a n tib io tic s  o f  in  vivo RNA syn thesis . Table 14 shows th e  in h ib itio n  by 

lO ^ g /m l o f  the  th ree  a n tib io tic s  o f u rid in e  5-^H incorporation  in to  

acid  precip itabL e m ate ria l. Uninhibited incorporation fo r  2 minutes 

amounted to  862 cpm above the  zero time incorporation and was s e t  equal 

to  100 percen t. The th ree  a n tib io tic s , when incubated 30 minutes w ith th e  

cu ltu re  p r io r  to  th e  2 minute p u lse , allowed 0 percent, 6 percent and 4 

percent incorporation  fo r  rifam pin, lomofungin and steffim ycin , re sp ec t­

iv e ly . Rifampin, th e  a n tib io tic  which does not k i l l  iqycoplasma, and lomo­

fungin, th e  most c id a l  of the  th ree  te s te d , were equally  e ffe c tiv e  as inhib­

i to r s  o f u rid in e  incorporation . Moreover, in  the  case o f rifam pin, RNA 

synthesis appeared to  be completely in h ib ited  by lO ^ g /m l ,  although th is  

concentration (Figure 11 ) allows growth of log phase c e l l s  in  PPLO bro th .

I t  i s  d i f f i c u l t  to  reconcile  the  e ffectiveness o f  rifam pin (a t  

high concentra tions) in  completely in h ib itin g  RNA syn thesis (Table 14) with 

i t s  lack  o f  k i l l in g  (P ig . 10). However, th e  suggestion o f an eventual re ­

lease  from rifam pin in h ib itio n  o f RNA syn thesis (Table 5) should be taken 

in to  account. A "reversa l"  mechanism may provide the b a s is  fo r  explaining 

the  lack  o f  rifam pin k i l l in g , and may w ell be associated  w ith  recovery and 

outgrowth.

In  considering the mycoplasmastatic e ffe c t o f  rifam pin a s  com­

pared to  th e  mycoplasmacidal ac tio n  o f lomofungin and s te ffim ycin , i t  should 

be noted th a t  the mechanisms o f  ac tio n  o f th ese  a n tib io tic s  a re  known to  

d i f f e r .  Rifampin binds rev e rsib ly  to  the  beta  subunit o f b a c te r ia l  IWA 

polymerase, in h ib i ts  polymerase a c t iv i ty ,  and prevents in i t i a t io n  o f 

tra n sc r ip tio n  (124a). Lomofungin in h ib its  RNA polymerase and prevents 

chain elongation ra th e r  than in i t i a t io n  (9)* Steffim ycin binds to  the
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TABLE 14

INHIBITION BY SELECTED RNA SYNTHESIS ANTIBIOTICS 
OP URIDINB-5-h3 incorporation IN A. la id la w ii. A, 

IN PPLO BROTH

Antibiotic® Incorporation^
(100 ̂ g /m l) (percent)

None 100
Rifampin 0
Lomofungin 6
Steffimycin 4

^The a n tib io tic s  were added as so lu tions in  DMSO, and incubated 
30 minutes w ith th e  cu ltu re  p rio r  to  pulsing fo r  2 min.

^The zero time incorporation  (Chapter I I )  was equal to  257 cpm; 
un inh ib ited  incorporation  was 1,119 cpm; therefo re  un inh ib ited  incorporation 
was 862 cpa above zero time value o f  257 cpm.
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DNA tem plate and in h ib i ts  RNA synthesis (9%).

Jhhib itipn  o f RNA synthesis as a function  of lomofungin concen»

tra t io n . Because mycoplasmacidal a c tiv ity  req u ires  a c e r ta in  threshold

concentration o f lomofungin, and because th i s  threshold le v e l i s  re la t iv e ly

high (50 -  6 (^ g /m l) , i t  was of in te re s t  to  know whether in h ib itio n  o f  RNA

synthesis would follow  a sim ilar pa tte rn . The in h ib itio n  by a wide range
3

o f lomofungin concentrations o f u rid ine-5 - H incorporation in to  acid  p re- 

c ip ita b le  m ateria l was measured. The re s u l ts  a re  shown in  Figure 20, lA ich 

i s  a composite o f severa l esqperiments. The cpm values were normalized by 

se ttin g  the  uninhib ited  value equal to  100 percent incorporation . The in ­

cubation time o f lomofungin with the  cu ltu res p r io r  to  pulsing was 30 

minutes. Figure 20 shows th a t a threshold concentration of between 50 and 

6 (^ g /m l i s  required before in h ib itio n  of u rid in e  incorporation occurs.

'i7e conclude th a t  in h ib ition ' of RNA synthesis in  cu ltu res of A. 

la id la w ii. A, in  PPLO broth requ ires threshold  concentrations of between 

50 and 60y/g/ml. This concentration range c o rre la te s  c lo se ly  with the  con­

cen tra tion  threshold  o f  lomofungin required fo r  mycoplasmacidal a c t iv i ty .

C orrelation between in h ib itio n  by lomofungin of RNA synthesis and 

of growth. IVe then asked whether the  extensive nycoplasmacidal e ffe c t o f 

lomofbngin could be associated with i t s  known a c t iv i ty  as an in h ib ito r  of 

RNA ^ n th e s is .

The re s u l ts  shown in  Figure 21 are  e3q)ressed as percent su rv iv a l 

and percent u rid ine  incorporation as a function o f lomofungin concentra­

t io n . Percent su rv iva l in  6 hours (Figure 19) and percent u rid ine  inco r­

poration (Figure 20) were calcu lated  by se ttin g  the  corresponding values 

obtained in  the  absence of lomofungin equal to  100 percen t. The i n i t i a l  

inoculum, depicted by th e  broken l in e ,  rep resen ts 40 percent of the  f in a l
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number o f CFU a tta in e d  by the  co n tro l cu ltu re  w ithout lomofungin» mjLLing 

i s  defined as a reduction  in  th e  number o f CFU/ml below th a t  p resen t in  

the  i n i t i a l  inoculum. Therefore, above the  broken l in e  th e re  i s  in h ib it io n  

o f growth bu t no k i l l in g .  B ^ w  th e  broken l in e  there  i s  death .

The data show th a t  no de tec tab le  in h ib itio n  of RNA syn thesis and 

no death occur u n t i l  th e  lomofungin concentration exceeds th e  th resho ld  

le v e l o f approximately 50^g/o il. At concentrations above t h i s  th resh o ld , 

th e re  appears to  be a p a ra l le l  reduction  in  RNA synthesis and in  th e  number 

o f surv ivors.

We conclude th a t  there  i s  an apparent co rre la tio n  between th e  in ­

h ib itio n  by lomofungin o f RNA synthesis and i t s  nycoplasmacidal a c tio n .



CHAPTSa IV

DISCUSSION 

Response of Mycoplasma to  R if ampin

General Consideration 

In  order to  provide a re lev an t context in  which the  r e s u l ts  of 

th is  research  can be presented, a d iscussion  follows o f two a reas  o f 

possib le  influence on the conclusions to  be drawn.

Mechanism o f rifampin ac tio n  in  b a c te r ia . Rifampin i s  a semi- 

syn thetic  a n tib io tic  o f the rifam ycin group which was iso la te d  from the 

ferm entation b ro th  o f  Streptomyces m editerranei (103). Rifampin i s  a lso  

known as rifam picin  and rifanycin  AMP. Chemically, the  rifam ycins a re  

ansa compounds consisting  of a chromophoric naphthohydroquinone ring  

which i s  spanned by a long a lip h a tic  bridge (124). Rifampin a c t iv i ty  

i s  d irec ted  against the  RNA polymerase o f prokaryotes and binds to  th e  JS 

subunit o f  th e  enzyme (124a), thereby preventing the in i t i a t io n  o f  RNA 

syn thesis (123). The action  o f  th i s  a n tib io tic  i s  considered to  be 

b a c te rio c id a l (45,123,59). Lancini e t  a l . ,  (59) based th e i r  conclusion 

th a t  RNA polymerase in h ib itio n  i s  the  rifam pin a c tiv ity  causing c e l l  

death on th e  close co rre la tion  between concentrations o f  th e  a n tib io tic  

which block ^  vivo incorporation o f labeled  u ra c il  and concentrations 

which a re  b a c te rio c id a l. Rifampin ( 0 .5 ^ /m l )  reduced the  v iab le  count 

o f E. c o l i  in  broth  cu ltu re  by over 4 logs w ith in  one hour. There i s

113
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evidence th a t  th e  lo ss  o f v ia b i l i ty  o f the  c e lls  immediately follows 

th e  onset o f  in h ib itio n  o f RNA syn thesis.

Mindlin e t  a l . , (?2a) stud ied  the  basis  fo r  rifam pin r e s is ­

tance in  spontaneous mutants o f E. c o l i . Harodiploid s tra in s  mutated 

spontaneously to  rifampin re s is ta n c e  a t  a  frequenqr of 10"^ whereas 

haploid s tr a in s  showed a frequenqr o f 10~^ to  10"^. These m utants, 

p lu s  60 o th er spontaneously-derived r i f - r e s i s ta n t  mutants, a l l  mapped 

w ith in  th e  RNA polymerase region o f  th e  E. co li chromosome, a t  minute 

78 between argH and t h i .  Moreover, Mindlin ^  aJL. s ta te  th a t  a l l  

th e  rifam p in -re s is tan t mutants iso la te d  in  d iffe re n t labo ra to ries , map 

in  th e  RNA polymerase reg ion . Since mary e ffo r ts  have f a i le d  to  

is o la te  rifam p in -resis tan t mutants th a t  map outside the RNA poly­

merase reg ion , i t  seems u n lik e ly  th a t  perm eability mutants would give 

r i s e  to  high le v e l rlfanqpin re s is tan c e  in  E. c o li . However, mutants 

w ith increased perm eability to  rifam pin have been obtained (78,101). 

Mindlin e t  a l . ,  (72a) obtained, among th e ir  spontaneous m utants to  

rifaiqpin  re s is tan c e , many th a t  were re s is ta n t  to  50- 100^ g /m l o f 

rifam pin only when p la ted  on r ic h  agar; the mutants were sen s itiv e  

to  these  same concentrations o f rifam pin when p lated  on minimal 

medium. A possible explanation fo r  th is  i s  th a t ,  on minimal medium, 

a lte re d  RNA polymerase molecules s l ig h tly  in h ib ited  by the  presence 

o f  rifam pin would not be able to  synthesize enough messenger RNA to  

provide th e  c e l l  w ith the  p ro te in s  necessary fo r  growth (53).

Lancini e t  a l . , (59) showed, however, th a t  growth i s  no t necessary

fo r  rifam pin to  exert i t s  c id a l e f fe c t  on £. c o li .  In o th er stud ies 

concerning the  nature o f the a l l e le s  fo r  RNA polymerase in  E. c o li . i t
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was observed th a t  marodlplold c e l ls  heterozygous fo r  re s is tan ce  to  

rifam pin ceased RNA qynthesid and growth in  the presence o f rifam pin.

This find ing  d«nonstrates th a t  r ifa s ^ in  s e n s i t iv i ty  i s  dominant (55a)«

The mechanism fo r  th is  dominance was suggested to  be th e  a b i l i ty  o f 

the se n s itiv e  enzyme in  the  heterozygous merodiploid to  compete fo r  

promoter s i te s  and thereby block tra n sc r ip tio n  «hen rifaiqpin was p resen t.

Features o f mycoplasma growth and RMA syn thesis . The forms o f 

mycoplasma thus f a r  observed c o n sis t of th e  following morphologies (69): 

1) coccoid c e l ls ;  2) coccoid c e l l s  with membrane tubu les; 3) filam entous 

c e l l s ,  sometimes showing branching; 4) filam entous c a l l s  with term inal 

s tru c tu re s ; and 5) pear-shaped c e l ls  w ith term inal s tru c tu re s .

Both A. la id law ii and ^  o ra le  belong to  th e  c lass w ith filamentous 

morphology th a t  sometimes shows branching (69). f^rcoplasma o f 

the  filam entous type reproduce by both b inary  d iv is io n s and by 

elongation and co n stric tio n  a t  several p o in ts , giving r i s e  to  

severa l viable filamentous c e l ls  (8 ). Survival curves o f  A. 

la id la w ii .  A following U.V. ir ra d ia t io n  show m u ltita rg e t k in e tic s ;

i . e . ,  th e re  i s  an i n i t i a l  shoulder followed by an e:q>onential decrease 

in  CFU. This ind ica tes th a t  th e  c e lls  a re  m ultinucleate , and th a t  the  

number o f  genomes per c e l l  increases as s ta tio n a ry  phase i s  approached 

(27). However, th is  approach cannot d is tin g u ish  between a m ultinucleate 

and a m u ltice llu la r  viable u n i t .  When s ta tio n a ry  c e l ls  of ^  

gallisep ticum  a re  tran sfe rred  to  fresh  medium, there  i s  an exponential 

in crease  in  c e l l  number but a lag  in  corresponding DMA synthesis 

re s u ltin g  in  a decrease in  th e  amount o f DNA per c e l l  during ea rly  

stages o f  growth. Exponential DNA synthesis begins in  mid-log phase
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o f th a  growth curve and continues in to  s ta tio n a ry  phase to  produce a 

r e la t iv e  increase in  the  amount o f  DNA per c e l l .  Smith (110) has 

shown th a t  DNA re p lica tio n  in  A. la id law ii i s  semieonservative and 

proceeds u n id irec tio n a lly  from, a t  most, a few growing p o in ts . A 

small amount o f  non-conservative re p a ir  rep lic a tio n  has been found 

in  norm ally growing A. la id la w ii and i s  a lso  believed to  occur a f t e r  

thymine s ta rv a tio n  ( H I ) .  I t  appears th a t  DNA rep lic a tio n  continues 

throughout the  c e l l  cycle (112). A. la id la w ii was shown to  have both 

l ig h t  and dark re p a ir  mechanisms. The photo re p a ir  mechanism reaches 

i t s  maximal capacity  in  middle to  la te  exponential-phase c e l ls  (27) .  

Dark re p a ir  occurs by an ex c isio n -rep a ir mechanism (2?) and excises 

the  reg ion , estim ated to  be about I 56- 6OO nucleotides in  length  (111), 

on e i th e r  side  o f the  U.V.-induced pyrimidine dimer. Das e t  a l . ,  (2?) 

found th a t  60 percent of th e  breaks were repaired  w ith in  2 hours a f t e r  

i r ra d ia t io n .

Ribonucleic acid  comprises 8-1? percent o f  the c e l l  mass (87) ,  

Pbr M. gallisep ticum . the RNA: DNA ra t io  i s  4 .5  during log phase growth, 

and 2.0 fo r  c e l ls  in  e a rly  s ta tio n a ry  growth (57*74). About 86 percent 

o f  the  t o t a l  RNA o f  ^  gallisep ticum  i s  ribosomal RNA (57). RNA 

species found in  mycoplasma include 22s, l6 s and 5= rRNA, 4s tRNA and 

unstab le  mRNA (69) .  Ribosomal RNA congwsitions a re  sim ila r to  each 

o ther and to  those of E. c o l l  (69) .  Itycoplasma tRNA has been shown 

to  sediment a t  4 s , as does £. c o li  tRNA, and to  have a  therm al déna­

tu ra tio n  curve sim ila r to  th a t  o f E. c o li  tRNA, ind ica ting  s im ila r  

secondary s tru c tu re s  (46). Kirk (56) reported th a t  the  messenger 

RNA o f M. gallisepticum  rep resen ts about 4 .5  percent o f th e  t o t a l  RNA,
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and th a t  I t s  chemical h a l f - l l f o  equals 2 minutes. T ou rteU o tte  (122) 

showed th a t  20 jtgfiaL o f  Aotinomyoin D provided immediate cessation  o f 

a l l  RNA synthesis in  th e  seven myeoi^sma s t r a in s  studied (A. la id la w ii . 

A* was included). He was a lso  able  to  determine th a t  th e  func tiona l 

h a l f - l i f e  o f  th e  messenger RNA was le s s  than k minutes by measuring the  

r a te  o f p ro te in  syn thesis following RNA synthesis in h ib itio n  hy Aotino- 

qycin D. TourteUotte* s  s tu d ies  a lso  Aowed th a t  20^ g /m l o f  Aetinomycin 

D had l i t t l e  e ffe c t on Incorporation o f C-thyoddine in to  DNA. Addi­

t io n a l ly , the  stud ies helped demonstrate th a t  nyooplasmas synthesise RNA 

from a DNA-dependent RNA polymerase (122).

The membranes o f mycoplasma are  composed o f 50 to  59 percent 

p ro te in , 32 to  40 percen t l ip id ,  and 0 .5  to  2 percent carbohydrate. A. 

la id la w ii membranes contain  about 5 percent glucosamine and ga lac to - 

samine (69) ,  Mmmbers of th e  genus Mycoplasma requ ire  ch o le s te ro l fo r  

growth and incorporate i t  in to  the  membrane where i t  composes 12 to  30 

percent o f th e  t o t a l  l ip id .  Aeholeplasma spec ies, when grown in  the  

presence o f ch o les te ro l, a re  able to  Incorporate i t  in to  th e  membrane 

only to  the  extent o f  3 to  4 percent o f  the t o t a l  membrane l ip id  ( I I 3 ) .

A thermal phase t r a n s it io n  in  membranes o f A. la id law ii has been des­

cribed whereby the  l ip id s  in  th e  mycoplasma membrane undergo a  tra n s ­

i t io n  fro a  a h i^ ily  ordered configuration o f  f a t ty  ac ids to  a  liq u id  

p a ra f f in - lik e  s ta te  (118). The teoqw ature  a t  which t h i s  t r a n s it io n  

occurs i s  a function o f  th e  l ip id  composition o f the  membranes which, 

in  tu rn , can be varied  w ith the  growth teng>erature of th e  mycoplasma 

c u ltu re  (71).

ly s is  and death  o f M. mycoides. s t r a in  V5, occurs following



118

in h ib itio n  o f  l ip id  synthesis tgr glycerol# d w le e ta ro l or f a t ^  acid  

deprivation . Since ly a is  does no t occur when p ro te in  and RNA syn thesis 

a re  prevented by addition  o f dxloremphenieol during u racU  deprivation# 

i t  has been suggested th a t g lyceroL -less death and ly s is  a re  th e  r e s u l ts  

o f  unbalanced growth# in  whidi# qrtoplasm io synthesis continues in  the  

absence o f membrane syn thesis. Thus# i t  could be concluded th a t  membrane 

and oytoplammic ^m th esis  a re  uncoordinated (95)* In  another s tra in #  

th e  goat pathogen s t r a in  Y# g lycero l deprivation  prevents U p id  

synthesis# b u t cytoplasmic and DNA syn thesis continues. When DNA 

syn thesis i s  prevented by thymine deprivation# l ip id  and p ro te in  

syn thesis continue, and some c e l ls  produce large  numbers o f  sm all 

enucleate forms, possib ly  analagous to  m in icalls (96) .  Thus# l ip id  

syn thesis i s  no t necessary fo r  DNA rep lica tion#  and DNA syn thesis i s  not 

required  fo r  continuing p ro te in  and l ip id  synthesis or fo r  c e l l  

fragm entation.

The i n i t i a l  q u a li ta t iv e  observations (Tables 1 and Z) o f  

th e  growth response o f A, la id la w ii .  A# to  rifam pin -  th a t  ^ e  organism 

i s  se n s itiv e  to  the  an tib io tic#  and th a t  outgrowth eventually  occurs -  

was re in fo rced  and defined more d e a r ly  by q u an tita tiv e  measurements.

The mycoplasmastatio, ra th e r  than  nycoplasmacidal# a c t iv i ty  o f  rifam pin 

i s  apparent from re s u lts  o f sev era l eiqperiments. R esults dep icted  in  

Figures b# 5 and 6 show th a t  although growth i s  extrmnely se n s itiv e  to  

rifampin# a  reduction  in  CFU cannot be a tta in ed  even by high eoncw itra- 

t io n s  o f  rifaoqain. The most d e f in itiv e  argument fo r  th e  s t a t i c  ac tio n  

o f rifazqxin# however# i s  p resented  in  Table 4# where the  evidence 

c le a r ly  i l l u s t r a te s  th a t  in d iv id u a l CFU have the  capacity  to  grow
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in  the  presence of rifam pin. The small proportion (8-12 percent) o f 

the t o t a l  population o f  log phase c e l ls  of A. la id la w ii. A, th a t  were 

not ab le  to  d e v ^ p  colonies on rifam pin-containing agar i s  no t very 

s ig n if ic a n t and may represen t uhhealtlv  c e l ls .  Such r e s u l ts  argue 

against eiqplanations fo r  s t a t i c  growth th a t invoke an equilibrium  

between dying c e lls  and emerging re s is ta n t  c e l ls .  The reduction  in  

th e  proportion o f c a l ls  able to  form colonies on riSaxxpixi agar as th e  

cu ltu re  ages suggests th a t  changes in  su sc e p tib ility  to  rifam pin 

occur. Increased su s c e p tib ility  may r e f le c t  e ith e r  a change in  

membrane s tru c tu re  and function , o r a lte red  metabolism. Am pointed 

out above. A, la id la w ii. A, i s  thought to  increase  the  amount o f DNA 

per c e l l  as cu ltu res approach s ta tio n a ry  phase growth. Moreover, i f  

th ere  i s  a lack  of coordination between RNA synthesis and o ther 

c e llu la r  functions, in h ib itio n  o f RNA synthesis by rifam pin may not 

r e s u l t  in  c e l l  death even i f  th e  a n tib io tic  were ab le  to  in h ib i t  RNA 

polymerase a c t iv i ty  as e ffe c tiv e ly  in  mycoplasma as i t  does in  & c o lt .  

Since a s ta te  o f polyploidy can probably e x is t  in  A, la id la w ii. 

A, th e re  i s  the  p o s s ib i l i ty  th a t  th e  organism i s  capable o f assuming an 

a lte rn a te  mode o f reproduction when confronted with environmental 

s t r e s s ,  in  th is  case, th e  presence o f rifam pin. The b iphasio  p a tte rn  

o f growth response to  rifam pin by A, la id law ii c e l l s ,  as shown in  

Figure 5* would suggest such an adjustment phenomenon. Another possib le  

mode o f adjustment might occur a t  the  membrane.

The fa c t th a t  mycoplasma a re  able to  a l t e r  the  configuration 

o f l ip id s  in  th e ir  membrane by regu la tion  o f th e  l ip id  components in  

response to  twqaerature suggests an adaptive mechanism. The b i^ ia s io
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response o f growth to  rifam pin suggests th a t c e l l s  a re  very sen sitiv e  

to  rifam pin upon i n i t i a l  con tact, then  become le s s  se n s itiv e , although 

they  are  s t i l l  a ffec ted  by the  presence of rifam pin as seen by th e ir  

slower growth ra te  and reduced c e l l  y ie ld  (Figures 2 and 3)»

Another attem pt to  e;q}lain the growth responses to  rifampin 

depicted in  Figures 2 , 3 and 4 would suggest another type of membrane 

a ffe c t .  Possibly , rifam pin m olecules, unable to  penetra te  the  nyoo- ' 

plasmal membrane, slowly bind to  i t ,  thereby in h ib itin g  i t s  optimum 

function . The long a lip h a tic  component of the  rifam pin molecule adds 

to  the  c re d ib il i ty  o f th is  suggestion.

I t  must be remembered, however, th a t  th e  s e n s i t iv i ty  of 

u rid ine  incorporation  in to  ac id -in so lub le  m ateria l (Figure 9) suggests 

th a t  rifam pin indeed gets in side  the  c e l l  and in h ib its  RNA synthesis 

very e ffe c tiv e ly . Table 5 shows th a t  3^g /m l rifam pin causes 7 0 - 8 0  

percent in h ib itio n  of u rid ine  incorporation fo r  up to  20 minutes a f te r  

which rifam pin in h ib itio n  may be re leased . Therefore, th e re  i s  possib ly  

a period o f tra n s ie n t in h ib itio n  fo r  RNA synthesis as th e re  i s  fo r growth. 

That growth does occur in  the  presence o f rifam pin under conditions very 

sim ilar to  those causing in h ib itio n  o f RNA syn thesis i s  v e rif ie d  in  

Figure 1 0  which shows th a t  the  c u ltu re  grows in  the  presence of

]h considering the  possib le  e ^ la n a tio n s  fo r the  con trast 

seen in  th e  responses o f growth and u rid ine  incorporation  to  rifam pin, 

a most mundane explanation p resen ts i t s e l f .  I f  rifam pin a l te r s  

membrane function  so as to  exclude labeled  u r id in e , incorporation  

of isotope in to  RNA would c e r ta in ly  be reduced, but RNA synthesis
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could a c tu a lly  be unaffected  by th e  d ire c t  ac tion  o f  rifasQ iin. The 

tra n s ie n t phase o f  growth in h ib itio n  could be due to  th e  u n a v a ila b ility  

o f required n u tr ie n ts  due to  the  inqiaired mmabrane function , th e  

resungition o f growth could be the  r e s u l t  o f Induction of pathways 

o r enzymes ab le  to  u t i l i z e  a lte rn a te  but availab le  m etabo lites, and 

th e  reduction  in  growth r a te  an i c e l l  y ie ld  might r e f le c t  th e  in e f f i ­

ciency o f th e  induced neçhanism(s). I f  rifam pin in h ib ited  u rid in e  

Uptake the c e l ls  would need to  switch to  an a lte rn a te  pool fo r  the 

RNA precursor. The supply might be derived from o th e r pyrimidine 

bases in  th e  medium, since A. la id la w ii. A has a minimal requirement 

fo r  nucleic  ac id s o f adenosine, guanosine and cy tid in e  (83). Adenine, 

o r one o f th e  mononucleotide phosphates o f adenine, can rep lace  

adenosine; guanosine and cy tid ine  can be replaced by th e i r  respec tive  

5» mononucleotides, A. la id law ii grows suboptimally in  th e  presence 

o f the  f re e  bases together with ribosc  and deozyribose.

The foregoing mechanism i s  specu la tive , and i t  should not be 

assumed th a t  in h ib itio n  o f  labeled u rid in e  incorporation  i s  due to  any­

th ing  o ther than  in h ib itio n  o f RNA syn thesis. Indeed, an argument a g a in st 

the  involvement o f such an uptake mechanism would seem to  be the  12 per­

cent re s id u a l u rid in e  incorporation in  th e  presence o f rifam pin concentra­

tio n s  of 5 -20^g /m l (Figure 9 ). Although increasing  rifam pin concentra­

tio n s  in  t h i s  range do no t increase in h ib itio n  o f u rid in e  incorpora tion , 

they do cause increased in h ib itio n  o f growth as seen in  Figures 6 and 7 .

The i n i t i a l  increase  in  t i t e r  observed occasionally  (Figures 

7 and 10) has bem  reported  fo r th e  growth response o f  pneumoniae 

to  th e  presence o f  te tra c y c lin e  (60). The b as is  fo r  th is  r i s e  in  CFU



122

immediately a f te r  eontaot with th e  a n tib io tic  i e  no t c le a r . I t  might be 

due to  an i n i t i a l  atim olation o f  sy n th e tic  machinery before  the  involved 

mechaniama become in ac tiv a ted , o r ,  posaib ly , a  lack  o f coordination 

between c e l l  d iv ia io n  and the  a i t e  o f ac tio n  o f th e  a n tib io tic .  Another 

p o a a ib il i ty  la  th a t  th e  a n tib io tic  a l te r a  membrane aurface  chargea and 

thereby eauaea dumpa o f c e lla  to  diaaggregate. The re a u lta  ahown in  

Figure 10 argue againat the  l a t t e r  e^qxlanation ainee th e  t i t e r  inereaaed 

fo r two meaaurementa, 30 minutea and one hour a f te r  con tac t with 

rifam pin . Therefore, th is  increaae  would appear to  be due to  growth 

ainoe disaggregation  by a charge e ffe c t might be expected to  occur 

immediately upon in troduction  o f  th e  a n tib io tic .

I f  ipqaem eab ili^  to  rifam pin were c r i t i c a l  in  th e  s ta t ic  ra th e r  

thaw c id a l  e ffe c t o f rifam pin on lu la id la w ii . A, such impermeability 

i s  no t changed by a growth tem perature o f 30 C (the usua l incubation 

tem perature i s  37 C) whidi might allow fo r  a  a lig h t  (diange in  the  con­

f ig u ra tio n  o f membrane l ip id s  (Figure 1 2 ).

The b a s is  fo r  the p ro tec tio n  from c id a l a c t iv i ty  o f rifam pin 

afforded  A. la id la w ii . A by serum in  casitone  (Table 7 ) broth probably 

involves many fa c to rs . Among them could be s ta b il iz a tio n  o f the c e l l  

membrane by lip o p ro te in s  in  th e  swum, osmotic and buffering  ac tio n , 

p o ss ib le  binding o f  the  a n tib io tic  by serum p ro te in s o r o ther unknown 

p o s s ib i l i t i e s .  The fa c t  th a t  various N ad  concentrations in  the  medium 

do no t appear to  a l t e r  c ida l a c t iv i ty  (Table 6 ) argues against io n ic  

s tren g th  playing a decisive ro le .  Since soy peptone medium also 

p ro te c ts  against th e  c ida l a c t iv i ty  o f rifanqpin (Table 8 ) a ro le  i s  

suggested fo r  th e  types o f p ro te in  p resen t in  th e  medium. Soy peptone
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I s  known to  possess fermentable carbohydrates which may a lso  be a fa c to r .

The outgrowth cu ltu re  shown to  possess a s tab le  rifam pin r e s i s ­

ta n t  property  in  Figure 14, nevertheless becomes vulnerable to  rifam pin 

action  upon reaching sta tionary  phase. Ih is  finding coincides w ith the  

r e s u lts  o f Table 4 , which shows a decrease in  th e  proportion o f rifam pin 

re s is ta n t  CFU, and Table 6 , which shows marked c id a l a c t iv i ty  by rifam pin 

in  populations as s ta tio n ary  phase approaches. These observations, p lus 

th e  r e s u lts  o f esqieriments showing th a t  membrane ac tive  agents can 

p o ten tia te  rifam pin‘s c id a l a c t iv i ty  (Table 9) present a strong case 

fo r  membrane involvement in  the  re s is ta n c e  by A. la id a lw ii. A, to  a 

nycoplasmacidal a c t iv i ty  of rifam pin. ^  o ra le , a mycoplasma possessing 

a membrane th a t  requ ires ch o leste ro l, shows a sim ila r response to  

rifam pin (Figure 11) as does A. la id la w ii, A. thus the  d iffe ren ce  

in  membrane s tru c tu re  between these two organisms i s  not a c r i t i c a l  

fa c to r  in  th e i r  s e n s it iv i ty  to  rifam pin in  PPLO b ro th . However, since 

cardtenoids a re  synthesized by acholeplasmas when grown in  th e  absence 

o f ch o le s te ro l (84) (as in  serum-free casitone  bro th) they may p lay a 

ro le  in  the  d if fe re n t  responses o f A. la id la w ii . A, to  the  presence o f 

s tre p to v a ric in . S trep tovaric in  was markedly c idal in  the  serum -less 

medium (Fig. 18), but not a t  a l l  c id a l in  PPLO broth ^diich contained 

10 percent serum (Fig. l6 ) .

Ihe various in h ib ito rs , o ther than  rifam ycin, th a t  were used in  

th is  study rep resen t a n tib io tic s  th a t  in h ib i t  RNA syn thesis  by various 

mechanisms. Some o f them, steffim ycin  and lomofungin, have n o t, as y e t, 

received d e ta ile d  analysis as to  th e i r  modes of ac tio n .

Lomofungin i s  an a n tib io tic  from Streptonyces lomodensis th a t
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In h ib its  tha  growth o f bacteria»  yeasts and fungi (55) and has been 

shown to  in h ib it  th ree  DNA-dependent RNA polymerases in  c e ll- f fe e  

ex tra c ts  of S. cerev isiae  (9 ). Lomofungin se lec tiv e ly  in h ib its  th e  

syn thesis of rRNA and pblydisperse RNA, while having no e ffe c t on the 

syn thesis of tRNA or 5s RNA in  the yeast Schisosaceharomyces pombe (40),

Ihe s trep to v aric in  used in  the stud ies reported in  th is  paper 
was a complex mixture o f re la te d  s tru c tu re s . The mechanism o f  ac tio n

of th i s  a n tib io tic  i s  s im ila r to  rifam pin in  th a t  i t  binds to  the

beta  subunit o f the  RNA polymerase molecule to  prevent the in i t i a t io n

of RNA synthesis, S trep tovaric in  i s  ac tiv e  a lso  against c e rta in

v iruses (10).

Streptolydigin i s  a re la tiv e ly  strong e n d  acid of a q u ite  

d if fe re n t s tru c tu re  from e ith e r  rifampin or s trep to v aric in . I t  in h ib i ts  

RNA ix>lymerase to  reduce th e  irate of RNA synthesis by acting  on th e  

c a ta ly tic  function o f the enzyme. This a n tib io tic  in h ib its  phospho- 

d ie s to r  bond formation, decreases the a f f in i ty  of the  enzyme fo r  UTP 

and CTP, and also  a ffe c ts  the  pyrophosphate-exchange reaction  c a t­

alyzed by RNA polymerase (10?). The evidence th a t s trep to lyd ig in  

s ta b il iz e s  both the «izyme-DNA complex and the  RNA?enzyme-DNA complex 

led  Cassani e t  d .  (11) to  suggest th a t  the  mechanism o f in h ib itio n  

i s  a  tightening  of the  in te ra c tio n  between th e  enzyme and the  DNA which 

r e s u l ts  in  an in a b il i ty  o f the  enzyme to  form phosphodiester bonds and 

carry  on pyrophosphate exchange. Goneomitantly, the a f f in i ty  o f the  

enzyme fo r  UTP and CTP i s  s l ig h tly  a ffec ted .

Steffimycin in h ib its  RNA synthesis by binding to  the  DNA 

tem plate (92). However, ^  v itro  RNA syn thesis could not be completely
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in h ib ited  even w ith high concentrations (up to  20 (^g /m l) of s te ff in y c in  

in  the  reaction  m ixture. Therefore, i t  has been suggested th a t  the  

a n tib io tic  a c ts  w ith sp e c if ic i ty  toward the  secondary stru c tu re  o f  the 

primer DNA (92).

The responses o f A. la id la w ii. A, to  the  above a n tib io tic s  

showed th a t  only lomofungin and s te ffin y c in  a re  c id a l in  PPLO bro th  

cu ltu res  (Figures 16 and 19). The dose e ffe c ts  o f  lomofungin on 

su rv ival and RNA synthesis suggest th a t  the  a n tib io tic  i s  unable to  

en ter the  c e l l  u n t i l  a thresho ld  concentration o f 50-60^ g/ml i s  

reached. I f  sm all amounts of lomofungin were ab le  to  enter the  c e l l ,  

some in h ib itio n  o f  RNA syn thesis might be expected. This opinion 

i s  based upon th e  assumption th a t  the  polymerase i s  sensitive  to  

lomofungin, which has no t been shown d ire c tly . However, rep o rts  o f 

the  s e n s it iv i ty  o f lomofungin of RNA polymerases from other sources 

suggest th a t  concentrations lower than the  th resho ld  lev e ls  (5O-6O 

jjtgfvù.) should in h ib i t  RNA synthesis, provided th e  a n tib io tic  were able 

to  e s tab lish  con tact w ith the  enzyme. Cano e t  (9) report th a t ,  

in  v i t r o , 5 ^ g /m l o f lomofungin in h ib its  E. c o ll  RNA polymerase by 

45 percent and th a t  20y<g/ml gives 90 to  100 percen t in h ib itio n  of 

the RNA polymerase o f th e  y east Saocharomyces, s t r a in  IOI6 . From 

these  considerations, i t  follows th a t  th e  high th resho ld  concentration 

o f lomofungin required  to  in h ib it  RNA syn thesis in  A. la id la w ii . A, i s  

possibly  a membrane perm eability phenomenon. The observation th a t  

in h ib itio n  o f labeled  u rid in e  incorporation i s  c lo se ly  co rre la ted  with 

lo ss  o f v ia b i l i ty  (Figure 21), suggests th a t  death  i s  associated  with 

in h ib itio n  o f RNA sy n thesis . However, i t  i s  possib le  th a t  the  c id a l
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e f fe c t  o f lomofungin i s  due to  the  accumulation o f th e  drug on the  

membrane re su ltin g  in  i t s  rup tu re  and th e  consequent ly s is  o f th e  c e l l s .  

The fa c t  th a t  the  threshold  le v e ls  -of. lomofungin th a t  cause k i l l in g
3

s t i l l  allow 40-50 percent incorporation  of uridine-5-H  in d ica te s  th a t  a 

f ra c tio n  o f the  RNA th a t  i s  e s se n tia l  to  the  su rv iva l o f the  c e l l  i s  being 

elim inated (Figure 21), This co n tra s ts  w ith the  83 percent in h ib itio n  

by 5-20yzg/ml o f rifam pin o f incorporation  o f uridine-5-H  th a t  never­

th e le s s  allows the  nycoplasma to  continue to  grow (Figures 7 and 9)*



CHAPTER V 

SUMMARY

The growth of A. la id la w ii» A, in  serum-containing b ro th  c u ltu re

i s  q u ite  s e n s itiv e  to  rifam pin. From an inoculum o f 2.2 x  10^ CFU/ml, th e  .

t i t e r  a tta in e d  in  2k hours was reduced by 90 percent with 5y/g/m l rifam pin . 

However, increasing  the  rifam pin concentration  to  100^ g /m l allowed no 

s ig n if ic a n t k i l l in g .  Therefore, rifangiin  i s  mycoplasmastatio, ra th e r  than 

mycoplasma c id a l ,  under these conditions. Outgrowth o f the  c u ltu re  occurred 

in  the  presence of 100-200y*g/ml o f rifanç>in in  the  medium when th e  s t a t i c  

cu ltu re  was allowed to  incubate fo r  prolonged periods. The tim e requ ired

fo r  outgrowth to  occur i s  dependent upon 'vdiether the  c e l ls  a re  in  ex-
\

ponential growth phase when they a re  exposed to  rifam pin, upon the  

inoculum s iz e ,  and upon th e  concentration  o f  rifam pin in  th e  c u ltu re .

The i n i t i a l  response o f th e  c u ltu re  to  rifam pin i s  a  tr a n s ie n t

period o f  in h ib it io n , a f te r  which growth resumes, but a t  a  slower r a te

than th a t  o f  co n tro l cu ltu res  w ithout rifanqpin. The slower growth ra te  

may be accompanied by a reduction i n  the  optimum y ie ld  o f c e l l s  a tta in e d  

by the  c u ltu re .

D idividual colony forming u n its  possess the  capacity  to  r e s i s t  

r ifao ^ in  k i l l in g  and to  adapt and grow in  i t s  presence since  outgrowth 

of A, la id la w ii  cu ltu res  unexposed to  rifainpin occurs on agar p la te s
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containing zdfaapin. Such outgrowth requ ires approximately two weeks, 

and the t i t e r  rep resen ts over 90 percen t o f th e  CFU determined on non- 

rifam pin p la te s .

Uridine-5-H^ incorporation ty  log phase A. la id la w ii . A, cu ltu res  

was in h ib ited  by 50 percent by 0 , 2 ^ g / n l  o f rifam pin. However, th e  percent 

in h ib itio n  could not be increased beyond 8? percent by concentrations o f 

rifançîin o f 5-20y/g/ml. The tra n s ie n t in h ib itio n  o f growth by r ifa o ç in  

i s  co n sis tan t w ith the  s ig n ific an t in h ib itio n  o f incorporation  by 3^ g /m l 

rifam pin which appeared to  be relaxed a f te r  30 to  45 minutes incubation 

with the a n tib io tic .

From tha  reduction in  c e l l  y ie ld , in  growth ra te  and in  u rid ine  

incorporation fo r  extended periods, i t  was concluded th a t  rifanq)ih continues 

to  be a c tiv e  against A. la id la w ii. A, beyond the  period of s t a t i c  growth.

The e ffe c t  o f rifam pin upon the  growth of Mycoplasma o ra le  i s  

s im ila r to  th a t  upon A. la id law ii. A, since the growth ra te  and peak t i t e r s  

a re  reduced by rifam pin.

Casitone broth  medium lacking serum allowed rifam pin to  exert a 

potent nycoplasmacidal e ffe c t on A. la id la w ii . A, and ■Uiis e f f e c t  was 

antagonized when 10 percent serum was added to  the  medium. Soy peptone 

bro th  lacking serum d id  not allow a c id a l e ffe c t by rifam pin.

Ihe impermeability o f the  qycoplasmal membrane to  rifam pin  in  

soy-peptone b ro th  cu ltu res  i s  suggested by the  observation th a t  some 

agents known to  a c t on manbranes (gram icidins J and S, Tween 80 and 

m e llit in )  and DMSO, in  which rifam pin i s  very soluble, are  ab le  to  

p o ten tia te  th e  c id a l ac tion  of rifam pin aga in st A. la id la w ii. A.

A genetic  involvement in  re s is ta n c e  to  a n tib io tic s  was demonstrated
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by tha observation th a t a cu ltu re  o f  A. la id la w ii. A, in  th e  absence o f 

r ifan ^ in  contains a small proportion o f  c e l ls  th a t  are  re s is ta n t  to 

r ifa n ^ in . This su l^ p u la tio n  i s  ra p id ly  selected  when rifam pin i s  added 

to  the  c u ltu re , and, a f t e r  prolonged incubation, predominate in  the to ta l  

c e l l  population . These c e l ls  appear to  a r is e  in  a non-rifampin-containing 

cu ltu re  as a r e s u l t  o f random spontaneous events, since the  variance in  

th e ir  occurrence was very large  according to  the  Luria-Delbruck flu c tu a tio n  

t e s t .

The c ap ab ility  of A. la id la w ii . A, to  undergo mutagenic events 

leading to  r ifam p in -re s is tan t v a ria n ts  was demonstrated fcy the increased 

frequency o f v a rian ts  following treatm ent o f c e l ls  w ith U.V. ir ra d ia tio n . 

Exposure to  U.V, rays re su lted  in  an 80-84 fo ld  increase in  th e  frequency 

of v a rian ts  above the spontaneous frequency. A 10-fold increase  was observed 

following treatm ent w ith KTG. Two v a ria n ts  (spontaneously-occurring and 

NTG-induced), se lected  fo r  rifampin re s is ta n c e , were s tab le  when re-exposed 

to  rifam pin a f te r  suboulturing in  th e  absence o f rifam pin.

Among th e  RNA synthesis in h ib ito rs  (rifam pin, rifam ycin SV, 

s tre p to ly d ig in , s trep to v aric in , steffim ycin  and lomofungin), only 

steffim ycin  and lomofungin were ab le  to  produce a c id a l a c t iv i ty  against 

A. la id la w ii . A, in  serum-containing b ro th  cu ltu re , S trep tovaric in , 

however, showed potent mycoplasmacidal a c tiv i ty  in  non-serum-containing 

b ro th  c u ltu re s .

Lotsofungin dose curves in d ic a te  th a t both v ia b i l i ty  and SNA 

synthesis o f A. la id la w ii . A, are r e s i s ta n t  to  th is  a n tib io tic  u n t i l  

threshold  concentrations o f a re  a tta in e d . Whan higher

concentrations o f lomofungin are p resen t, A. la id la w ii. A, cu ltu res  decrease
3

in  t i t e r  and incorporation o f uridine-5-H  i s  concomitantly in h ib ited .
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