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.00 5o. l b S  L ’ n  0. ’t - i / n f l  0 . - I , ’ . t ’ i m t I ,  l owe r 1 0’ ! ;’”  ‘ r a t  I ’ S , ’ o f  11 ‘0/i 0 5 1 1, 1 ,,‘( 1 5 , —

- . e ’ ) ’ i k - I : ( . l y  too l i t  - 1 1 1 , 1 1  i on : ;  ‘ ‘ I  t i  p 1 1 0 / I i t t  I ’ ’  I l l  ‘ - 1 5 0~ ‘; ;  ot  l asma I t I n

4 : ’  1 ’ -  1 1 1 1 1 , 5 ’ .

I - 01  l I l l y f i l l t  III ! 1 i  n i t  ‘ - i  t o l l ’  O t t o ’ ’ I ’ i .’ T o ’  i t ’ ’ ’  I S  50 . ’ ’  d o l ; t  m o s
n’, m - l ( -  OI l  f -h e  p i ~~I ti 1 5 , 1  ( I ’ l l - n I l  50 n n ; v , 1 V e ’  I i~~’ - , , , - n ’ - , ,’ 1 ’  d a t  1’ 1 .  15 ( s r I ’- W l ; ; i l o T O

0 - , s - 1 , a s n n , I / n n l  n i / I d i O m  I t ’  c uj o l  - u  ~ ‘ . : ; l ’ f  t o  11 . 1 t S ‘ H I ’ ’ ‘ 11/01 ‘ O :,uO , ,’
1 , 1 , 1 1 I C r I l O h I f ’ ’ 1 1 , 1 , 1  I

- 1’ 9- a - .



: 1,0 1 ’ . t o t - f  o f  t ’  ~~- ‘L O B w h i c h  ‘ I n ’ W I l l ’ S  ‘ - >g - ’ - ’  I f r ’ ’ n n  I I ’  1 I ’ t / n ’ i l / 1 , 1 1 , 1 ,

t n t -  f l  i f  ol  t F U I  ~~i j  lo t  m ’  i n ;  f t u e  1 . 1  pq/ n tt l  , , s  . t r s d , m r d  ‘ ‘ i O ’ : t I l / t-; the K1 t t

15 ; ’ l i i , ,  .1 ’ ( 5 . 01 . 1  ml 1 , m : o s , m .  ‘ I l : ’ ’ t I - f , ’ o o - , u e n c I ’ l i t  r a t i o n : :  of antifolote r. car

0 . 1  , , I ;/ r ’ i should I t -  ; ‘a l c u i , m t  t I l l  I r n :  1, ) ; . -  0 .1 , ;c/mI  s t a n d a r d . At ; the C O r , C O r , —

t n ; ’ L u : -  o f  a n i t i f c l a 5 0 ’  I n  t b ’ ’  f i n - I n  ‘ t r I j ’  1 . - l w I i ’  0 .1  pg/mi level la rger

amount:  ‘:1 pi~~~~~i nT , u : lt  is-  0 P i . ’ I i  t o  I he  t o t  , ‘ ‘O ,irl d I h e r ’ ,  is ar i nc reas ino

ci  f e ct  of : 1  a: ;oi , s . This; is 1 e c O t m o e -  at  t h ’  - higher concentrations , p11-i ;;r na i , ,ic ;

I ct J i  a g r o w t h ,  inhibitory - m d  a d r ug  , s n t o ( f C I n i Z i f l ’ ;  e f f e c t .  For the detailed

11010c r]  p t  1 11; of t bse ’ : ; e  e l f  e ’ct : ,; t oe  I n t e r i m  1511- 1-c r t  No . 1 . T h e r e f o r e , at con-

c e n t r a t i o n s  of antifolate at 0.1 pg/mi and below an unknown sample mus t  be

compared w i t  F a :t ar ,U ,;r d close to i t s  own c o n c e n t r a t i o n s .

The results obtained with t h e .- unknown saniples are plotted in the sante

way as the standards. ‘l’hpnt’ are shown in Figure 2. Tt can be seen t h a t

ham~.1er; A , B and C f a l l  j r / t o  t i m e ’  h igh c o n c e n t r a t i o n s  ~1f a n t i f o l a t e  qr n u ~

w h i c h  when act;ayed I I I -  d i l u te d  h — v o n / i  ( i i ’ point where plasma itself exerts

any c’S f e c t .  The n ,,‘ f , r . - , l ’ s  these  campic ’s; the c o n c ent r a t i o n,  of dru(s in the

pla sma is obtairt ed b’1’ - -/  Ir’n - -  i r I 104  t i . ’- Pu i i tt  where the curve of t i l l  - unknown

c r ’ ) ; I I l - c  the t ’ le t t  150 l in e  ( 1 C 5 ( I )  and t h e  i ’~ in t . where the curve of the

‘, t O r i ( l , l l  ‘ - ( c o o l ’ ’ , • 1 I 0  0 1 1 , 1 ’  i l l / I ’  I I : t i ng t h e  fo l lowing  equation s

l.’on mce nt r , t t  ion of s tandard  1C5() unknown
/ ‘r u m c , ’ n i t r a tj on  I t  unknown 1C50 standar d

‘t b ’  1 ’ l I l f ’ O r t  1 4 11 i n - I n ;  t n t - n  ;t  u n / I ’  ‘ 111 ( 11 ’ the 1,ir ’;er t i l l ’  number  of ml of plasma

r • - ~~t m i  red I or I I i . ’ I ( ’’ , ( s  t :1I ( ’ smal i t ’ s  t he concen it r at .  ions u t drug w i l l  f t

— .
~~
i.. . a

~~
- . -  ‘

~ 
- ‘ - a . - .  “

~~~~~~~~~~~~~~~~
‘ ‘ ‘



For Sample A t h e  F ’ l e t t  150 POint  (I C’ - ’ ’ )  ‘ ‘ . ‘ ‘ ~~ ‘ i  I n~1 1 , 1 0 1 0 , 1 . ‘l” ’ i

i n  c a l c u lat e d  a g a in n t  the n ,e ,Ji’ t ’ I ;t s t a n d a r d  ( I t ;  ;, ‘ ,/n n l — 0 . 0 ;0h 7) in I f , ’ ’-

t’ o llowin g  manner .

10 I ’ . 0001 3
X 0 .00057

10 x 0. 00057 “ .0057 -

0.00013 
= 4 3 . o , , i ~/n .I

Thus f lamp le  A exer t s  a growth i nh ib i t i ng  e f f e c t  equal to

43.8  pg/m i a n t i fo l a t e,

For Sample B the 1C50 [Joint is at 0. 00094 . ‘ h u e  c alcu la t ions  are

s imi la r  to A .

10 0.00004
X 0.00057

i s . 0057
0.0ó094 

6.1 pg/mI

Thus the value fo r  sample B is 6 .1 pg/mi ant i fo 1a te~

For Sample C the 1C50 is 0. 00 37 .  This curve is  nearer  the 1 . ‘t / n l

standard which crosses at 0.0050. The calculations are :

1 
— 

0.0037
X 0 .00 58

= = 1.6
0.0037

Thus ,; i, m I r i f - I ’ ’  C has  i . t pg/ mi  ant i .  fo]  ~ t e

5;a mb ‘ I t ”  1) Whose ’ I ( ‘511 i n  1) .  1 ‘1 ml p1 at ;md I s I I I  are s~ I t h e  0. 1 p g/m i  control

standard which  on 15:11 ’:, a t  ( J ~~( ‘/4 ‘l’tie cal cul  ,;t I C / I / t i  - i s ’ ’ :

I . I ( 1~ 0-1
X (1 .074

x = = 0 . 10  pq/ml

Thus :;anng ’ Ia - i.  i i , ,  11 . 1 1  pg/mi antifolate ,

- - 
,
~~~~~~~

‘ 
- ‘  . - -~~ - -~~ - --‘I ’- ‘ ‘. --. - - - -~~ 

- . -‘ -.
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4
5011 ( 1-11 ’  0 1;; 1 h~ l i t  ‘ 1 1 :1’  w h I c h  ‘ ‘ i n ,  he comf ’a r t .’ lf (Iirectly w ith a

S t a n , ; i , ,1Id .it K l et  t r, 1 ,  ‘1’I~t ’ en t i m a t i o n ;  of the level of a n t i f c , l at c ’  in

1 ’ , ‘ 0 , 1 1 !  - il w j  :;,t ln~ l ’ s  i ; ;  made by compar ing  the posi t  ion of the ‘ fr a f  -t ,

0;’ t i l t ’ :01( 4 I t -  w i t h  t h at  ( ‘ I  th e’ r i e a l . ’o t .  ; : tart dard . The l i n es  of the

-
- 

l I t  a n ,d , j r ’ d;; f ; , m v t :  h& ’~’ i ,  ‘ , , t . t , 1-d in t o  Fig u r .‘ I~’ I show the relationships.

n , ; n t i ’ l t .’ I ’ is  es~t imat . cd to have 0.08 pq/ml ; Sample F , 0.06 pg/ m i ;  Sang-ic

C , 0 .03 i q/ml and 11 , 0. 01:5 pg/ m i .  ‘I’hese calculations are summarized is,

‘1 ,11 11’ 4

‘ne- ( t i l e r  aspect of this method deserves docunientatior, and that is

S t  i ,‘
~ 

s ‘“ Inc  ib i l  i t  y 01 the assay d at a .  Our s tudies  on plasma levels of

l~f~-l 58 , l.’2 and Wk— ’et , ,~10 provided the op p o r t u n i t y  t . o eva lua te  r er - l i cat e

- ‘  : ; l y ; :  i ’o thi w i t h  and w i t h o u t  plasma . Similarly over a 5—year period t- ’e

have n v — i  100 au t n a y : ;  of ~‘yr imet l i amine .  These data have been l i s ted in

- d I e  5 which in ’ ’ lude ; ;  irean , t ; , D . , S .F . ,  i r ’.d r a n g e  of n or  r e j . l i c a t e  a ;;na vs .

SUMMARY

A dt ’’  a iled d e s c r ip t i o n  . f  the methods used to c a l n ; i l , i t  ,‘ t b ’  4 1  , l nma

l t - v e l  ‘o o t  an a n t it o l , .ite compound front data ob ta i n ed w i t h  t he  - 
‘ ‘ ; ,  1 S O —

1~~~~~ ~ , ‘ 
~~~~~~ ;U i  , i ; i :  a’,,’ iS  4 - ~~(’ - e n i t  .‘d . Data , graphs and calc~i l i i  1 1 - n , : .  o n~ ’

~~r ’ .”s er it ed  I Or 13 samp le ’s ; r ang i no; in a n t i  foLd e con t i  n t  f rom .1 5 • 1- t o  0. ~05

tig/mi .

______________ _________-  

,‘.. - - - -* r”  • .  . — ,, — ________



‘I ’ahl(’ 1

l , ’o u l t ; ;  1) 1 a Typical l’r e l i nn i n a r y  Assay 
_____

Sample 

b ’Iett reading of growth

~~ ~
‘ ,

- .*-~~
‘
_ _ _ _ _  ‘

I’ I’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H

l ) .1 0 0 5 50 150 190 250 290

0.0 1 0 2 60 270 300 300 300 300

0.001 0 140 260 300 300 300 300 300

‘ ‘ -S-- , ,  - r r-  ‘:, - . -- -r - .—~~
-‘  “ “  ‘ ‘

~~~~~~~~~~‘ 
.- 

‘ ‘ “~~~~~- _T -__— .



Tab le 2

Res u l t s ;  I I  a ‘l’yj’ic~’.il Printc j; .~ f l :~;a ’/

Sampleml
- plasma K lett . reading of growth

per tube A B C I) E F G H

1.0 102 135 161 215

0.5 0 105 135 170 253

0.25 10 115 140 215 274

0.1 50 150 195 250

0.05 0 125 200 250 290

0 .025  10 200 255 29 1)

0.01 0 55 275 290

0. 05 0 120 300

0.0025 5 190

0.001 0 143 265

0.0005 0 220 295

0.00025 8 275

0.0001 208 295

0.00005 275

0.000025 2’)S

0.00001 300

-‘re ~~~~~~~~ ~~~~~~~~~~~~~~~~ — - -  -~~ ~~~~~~~~~~ 
~-~~
:‘ - ‘ . —-.  - ________
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Table 4

Summary of C ’i l c u l , i t  lo r i s  of Concen t ,r a t  i ’ l l : ;  of  Jo, t i fo lat e
i n 8 Sang_ iI ’s of 1’lasma

Sample Standard t’ nknow~
Conc . l (” ~~ rC5~) Conc.
pg/mi ‘n / r i

A 10 0. ;00 57 0.000 13 ‘33 .8

F 10 0.00057 0. (00 4 1 .1

C 1 0.00 58 0 .0037 1. ’-

1) 0.1 0 .074 0. 14 0. 1’ .)

1. 0 .07 — - 0.08

F 0 .05 — — 0.06

G 0 .025 — — 0 .03

H 0. 1) 1 — — ;s .005

*1c50 — ml plasma oxer inlg a 50% growth inhibitory ~ l S e c t  on test  or ’;,~n i n r ’ .

V—______ i ‘—w -i -—- — “' ‘-.——
~ ~~~~~~~~ 
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— I 0 —

i’i~ ‘i  ‘ n i ’ l  i x  1\

~“ r ,  n - f 1 .  I ’ ’ - ’ i i c ’ i I  A t o ’i~i’j t c ’ r
1 — ( .  , 4 , /’0_ t r _ i c l~i ] , , ~’ ( , i , i , ) . n _ i , , x f } , y I ,i~ ,~lo x y ) ..
l ,2—di iI- ,’ f n / - - t ,.I--dimc-th y l— ’In rl,i.’i n ’ ’

1 . - i ’ - ‘ ‘~ , 2 ],0) m t  1 ’ l - i o m , ’l

Tot ’  1’ i c r~~’f 1 1  ‘ ii ’ ,’ , i l  , t ’ ~~~- , i ’~’ t o t  i — ( 2 , -l , 5— t r L c I i I ,’ro ~~f i e n o x y p r o p yi o x y )_
I 4 - 1 1 1 0 0  ( W I  — “‘ , ‘ l ) )  i s  c ar r i e d  o i t  as f o l —

l , - w n , . ‘ t , t ’  t I s t  ‘ ‘ r ’ n , i r ~ 1c n n , I 0 r . - ~ t o T  ()CCUI; ~,~ ec ium (ATCC 0 04 3 ) ,  is m a i n —
I L I u ’ O  ‘ f l  ‘:‘edS t ex r o t  I - n t  - i n , , , I t r a n s fer r e d  t w i ce  i n  1-’lynn  m e d i u m .

1 0 ( 0  , ‘ I , - t r, t r o  - I , i  is s’ t .h~~- c I and ;u n ;p e n d e d  in s ter  i Ia ’ s a l i ne  te form
,i t u r f ’ i i i i t ’ 1’ of 5” m l  I f i t ’  F 1 e I  I , l ’h ( t o el ec t ric  colorim( ’t .er . 0.1 ml of
t hi s  su o} ’( ’r ~’; i o n ,  i s  o i ’ ;e , f  , 1 : :  i n , C / c ’ I , l  urn f o r  each tube .

Th i -  medium un - ’ f 1 , - i  ‘ t ’s i r ,’~ is tha t  of I ” iy n n  et a l.  , ( 1) except  t ha t
f’ lic ac el and ‘; lu c i ’- ;t ,’ 1 , , - St I- r il iZ ed separately and added asepticall y at
‘he ‘am,:- of the t o o t . ‘1110 med i um 11/ tubed in 8 ml quan t i t i e s  and s t e r i —
l i z e d . ‘ nt , m l C e t 1 t , i i n , i r - ~ 0 . 0 2  I l  fo lic  ac id  in 2 5 %  q iu c o s e  s o l u t i o n  is
added ~ n eoch t Wo ’  i t  t I e  t i me  of tt ’stir ,Il . Stock drug solutions i t  not

re~1ar ’I d  in a ‘o ’ l f - - C ” r i l l zi n g  so lven t  Ir e s te r i l i z e d  by membrane  f i l —
t ro t i on , . Si J 1asrn ~l ‘I ;ar_ i~~l k ’ 1 ’; have a n y  c on s i d e r a b l e  a m o u n t s  of t u rb idit o ’
s’ er i l il 5, o f ,e ’ .’~o ; are  made 1 ‘,‘ so b i n o cu l a t i ny  in to  n u t r i e n t  broth , f~’,’
gram st -t i n s  , j : , ’ f  1 , -

,
- ct . a i n ~ in ’,g f o r  oil d rople(o . ‘rhe a d d i t i o n  of one ml

t’j,jnt i t  l e O  ol druq or p lasma d i l u t i o n s  in water Irings the total volumc’
t 10, m l .  The ‘ uben t i r e  in c uL at ~~d at 37°c for 22 hour:’~ and the growth
is nne ,is~’r , ’”f i t o  t u r i . i d i f ’ i  in the Y l e t t . photoelectric color imeter .

I n ” r - J e r  ~o l - ~ ”’~’1’~~’ r e la t iv e  c C , 0 0 l - n l t , r , I t i o n , s  1 , 1  ( i n  ‘i ’i  and p l a s ma  ( 1 - a - C u r , )

~o ‘ ; r t ’ ;  the  r i n i ’ n - t h at  i s  e n , , ’ o i i i t , t r t ’O i n  ‘I ty !  i c , t i  as s a y ,  S O 1U t I C ’ 1i1- I
o f  U t ’  ‘ir i o c ’ o n t d i n i I , ’I  0. 001 , ( 1 .01, 0. 1 and 330 . ‘t / n U  ~f the d ru g i n n — l a s r ’  -

j r ’  n - r t ’ r ,art’ Ii . ‘I’h ,’~,e m a t r i x  - , I , J r I d , I n ’ f s  are  d i lu t  t I  f ,i assay in the same
n _ i , , t , n , ’  C- ‘411 Un , ‘I  f I t  t ip -  unknown - I 0/SI t ( se rum ) samp les.  A prel  i m il m a r y  , I I I 0 , 1

i s  r u n  u s i n g  I t , ’n t o i ’ i  d i l u t i o n s  of the  t oct  saloj  I t ’ ’ to establish the ron/ Inc
of a~ Livity of the drug I’ret;ent. Is q u a n t i t a t ive 0 5 1  n’, with twofold d i—
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independence , r i f ampin  r e s i s t a n c e  and FM res i s tance, i t  is p o s tu l a t e d  tha t  the
F/lAs induce muta t  Ions by calls i t t ; ’ , t h iy ~mt n e  d e p r i v a t i o n  m i  th e  fo l  Ic ac Id -  requiring
hos t .
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I NTRO IMJ C~1’ ION

Compounds which c o m p - t e  w i t h  folic acid have been used extensivel y in

the treatment of malaria and leukemia , and in combina t ion  w i t h  s u l f o n a m i d e s ,

in the treatment of bacterial intections (5 , 14 , 2 9 ) .  R e s i s t a n c e  to these

foli c ac id antagonists (FAAs) is known to develop readil y (18 , 23) .

Al though da ta consistent with a mutagenic role for these compounds have

been repor ted , this development of FAA resistance has generall y been

ascribed to the selec t ion of spont aneously occurring resistant organisms

(25). Hemmerl y and Demerec (12) and Iyer and Sy ba lski (19) hav e reported

low g rade mut agen ici ty of ame thop te r in  and pyrimethamine for the str ,

pro-i and trp- 6 b e t  of Escherichia colt. Prop hage induc t ion by aminop-

te rm and amethopterin (11), chromosome abnormalit ies (16 , 22 , 24) and

tera togen ic e f f e c ts (2 , 28) have also been described . The p lanar poly-

cyclic structure of some of the compounds appe ars similar to that of

known DNA interc~ Iating agents , and some of these structures may be

sub je ct to epoxide fo rma t ion . It was dec ided to investigate further the

mutagenic potential of these compounds. The systems used were the

Salmonella typhimurium hi stidine auxotrop h reversion assay developed by

B. N . Ame s (1), and mutat ion studies of a folic acid-requiring micro-

organism , Streptococcus faecium var. durans.

MAT ER I M , S  AND MET HODS

A , S a l m o n e l l a  typ himuriur n . The mutagen indicator strains were supp l ied

b y I)r . B. N. Ames , University of California at Berkeley . They consisted of

a mi8sense mutant , TA 1535 , two frameshift mutants , TA1537 and TA1538 , and

strains TA98 (TA1538/pKN1O1) and TA100 (TA1535/p KMlOl); pKMlOl is an R
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fac tor p lasmid which makes these host strains particularl y susceptible to

the effects of certain muta gcnms (21). All of the  s t r ain s  are  de f i c i e nt  in

both cell wall synthesis and DNA repair . Stocks were maintained in

dimethylsulfoxide ci t -70°C and were used as descri bed by Ames , et al, (1).

Livers for mtcrosome preparations were obtained LLom 150 g male

Sprague-Dawley rats which had been pretreated by i.p. Injection of 50 mg/kg

Arocbor 1254 for 5 days and then starved 24 hrs and killed . Homogenate

supernatant S-9 fractions were prepared , maintained and app lied in act iva-

tion assays essentially according to the methods described by Ames (1).

Livers were homogenized in 0.15 M KCL, 0.05 N Tris HC1, ph 7.4, and the

homogenate was then centrifuged 20 mm at 9000 g.

B. Streptococcus faecium var. durans.  This  is Streptococcus faecalis

(ATCC 8043) which has been reclassified as S. faeciurn var , durans  (7) .

It is one of the lactic acid bacteria which requires folic acid and is

widely used for folic acid and FAA assay (15 , 2 7 ) .  A f a s t id ious  organism

requ i r ing  a r e l a t i v e ly comp lex medium (9) , it cannot  syn thes ize  fo l i c  ac id

from simp le precursors. The requirement for folic acid also cant be met

by providing pteroic acid , a reduced folate or the products of the ~olate

pathway (20). The organism is a microaerophilic coccus (27) growing in

di p bo or shor t chain form in the l i qu id  tes t  medium.  Counts  of colony

forming cen te r s  are equated with cell count in this stud y. The strain

was maintained by weekly passa ge on yeast extract  agar .

The medium used was the standard folic acid assay medium as described

by Fl ynn et al ., (9) with the exception th at .  glucose and folic acid were

sterilized separatel y and added asep tica ll y at li n e t ime of test . This  is

a semisynthetic medium containing acid-hydrolyzed casein , a vitamin

_______  
__ 4 _

~
__ 
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mixture and p u r i n e s . For preparation of 10 ml t n  u t h i  c u l tu r e s , ~ ni l

quant it ies of basal m e d i u m  were st t r  ii t oed  i t  tubes by au t  oc lavi nii ~ at

121 °C f o r  10 m i n u te s .  S tock  s o l u t i o n s  of t o l i c  a c i d  wer e  s t e r t 1 [ c ~ed b y

membrane f i l t r a t i o n  and were s tored  in sma fl q u a n t i t ie s  at - 15°C.

Dilutions were prepared in sterile 25/ glucose solution arid were added in

1 ml quantities to y ield final concentrations of 2 rig folic acid per ml.

This q uantity of folic acid allows growth to proceed to approxim atel y

7 x 108 cell s/ml in medium without drug . Stock solutions of the FAA s or

other test drugs , prepared either in self-sterilizing solution or

sterilized by membrane filtration , were dil uted in water and added to the

t ubes in 1 ml quantities to give the final volume .

Solid medium was prepared by adding 27 Bacto agar to the medium

described above ; as 30 ml gave no advantage , 15 ml in s tandard 100 imu

petri dishes were used routinely. Folic acid , glucose and test drug

were added to the s t e r i l e  agar medium jus t  before  pouring .

(;rowth conditions. The test inoculum for Streptococcus faecium

was prepared as follows . The strain was subcultured (1/100) twice in

s tandard medium, and incubated at 37°C in loosely capped 18 mm tes t tubes

without shaking , the first for 24 hours and the second for 18-20 hours.

The resulting culture was centrifuged , washed twice and resuspended in

sterile saline to form a suspension with turbidity measuring 50 on tine

Kle tt-Sunnnerson photoelectric colorimeter (660 nm filter), 0.1, ml samples

of this susp ension , contain ing approximately IO~ cells , ei ther we re added

to 10 ml culture volumes or were plated . Plating procedures used included

s tandard pour p lates , spread p lates , or top agar p lating In 2 ml of ) , h ”

molten agar . When spo t p la tes were used , an FAA was added to st t ’ n I l e 

‘—.- . -,~~~-.-- -a- —- - - 
~~~~~~~~~~~~ 
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f i l t e r  paper placed on the center of t h e  i n o c ul a t e d  p l a te .  P la tes  were

incubated in a loosely covered c o n t a i n e r  to r e t a r d  evaporat ion . Growth in

liquid cultures was read as turbidity in the c o l o r i m e t e r  a f t e r  22 hours

incubation . Colony counts on plates were made at 24 hours and at intervals

thereafter up to 14 days. Colonies were not readily visible until after

48 hours incubation . In experiments where the organism was f irst exposed

to FAA in liquid culture and then p~ ated , a l0~ cell inoculum was cultured

overnight in the presence of the drug. These cells were then washed , a

standard inoculum of 1O7 cells was prepared again and was subcultured in

s tandard medium fo r  18-20 hours to allow expression.  S tandard  inocula

were then delivered to selection plates. It was found that approximately

ten times as much FAA was needed in agar plates as in liquid medium for

the same degree of inhibition . All plate counts reported are averages

of a t leas t dup l ica te p lates .

Mutagens and dru&s. Folic acid (FA) was obtained from Lederic

Laborato:ies, American Cyanamid Co ., Pea rl R ive r , N.Y.; chlorguanide

triazine (CGT, cyclog uanil , 1-p- chlorop heny l-l , 2-d ihydro-2 ,2-dimethyl-4 ,

b-d iamino’-s-triazine) from Parke , J)avis and Co., Detroit , t’iich.; amethop-

term (~‘ffX , methotrexate , 2,4-d iatnino-N 10-methylpteroylglutamic acid) was

supp l ied by E)r. James L. Ruegsegger , Lederle Laboratories; pyrimethamine

(PM , 2,4-diamino-5-p-chlorop henyl- 6-ethyl-pyrimidine) , trimc thopri m

(TMP , 2,4-diamino-5-(3’, 4’, 5’ -trimetinoxy benzy l)-pyrimidine) , WR-l58,122

(2 ,4—dia m ino—h— (2’naphn th yl)—sulfony lqumntazoline), WR— 99 ,21() (l—(2’ ,4’ ,5’—

trichlorophenoxyp ropoxy)-1 , 2-diiiy dro-2 ,2-dimc’thyl-4, 6-diamino-s-tri aoint- ) ,

and WR-38,839 (l-(3’ ,4 ’ -dichlorobenzyloxy)-l ,2-d ihiydro-2 ,2-dim ethi y l- -+ ,

6—d iamino— s—tr iazine) were supp lied by the I)ivision of ~1edic m cii fhcrnistrv,



waIter ~~~~~ -\ r o t ’,’ I n st  i t u t & ’  of R e s e a r c h , i 4 a sh i n gt o n i  , D.C . St r u c t u r t ’ s  of

:-
~~~ h A s  a r e  dep icted in I”irure 1.

- ‘ i t  ‘~‘ l n e t  h c i n e s u l F t ;onate (~‘f”1S) was ob ta ined  f rom Eastma n Chemica l

Roches ter , N .Y . ;  2 -aminoan th ir acen e  (2AA) and N-nitro-N-nitrosog inanidine

trom Aldr ich , Milwaukee , Wis .; and 4-nitroquinoline-l-oxide from Koch—Light

Labora tor ies  ,tJ ., Colnbrook , Bucks , England was provided by Dr . Tong Man

OncI of t i n e  ~a tior ia1  In s t i t u t e  of Envi ronmenta l  h e a l t h  Sc iences , R esearch

T r i a n i ~~1c p a r k , N o r t h  Caro l ina . Aroclor  1254 was ob ta ined  f rom Sup€’lco ,

I :nc .,  ‘ ; t l l e f on t e , Pa . ;  b romo deoxyurid ine  and 2 - a m i nop u r in e  f rom Sigma

C t i t ’rn ica l  ;o .,  S t .  Louis , No., proflavine from Nutritional Riochemicals ,

Cl eve land , Ohio , and quinacrine mustard (NS3424) from the Cancer Chemotherapy

N a t i o n a l  Se rv ice  C e n t e r ,

RES ULTS

A . Studies  wi th  S. typh imurium. No FAA tes ted  was found to be mutagen ic

in s7ot t es t s  us ing s t ra ins  TA1535 , TA1537 , TA1538 , TA98 and TA100 w i t h o u t

microsoma l a c t i v a t i o n . Since a l l  were somewhat toxic  at  100 u g/p l at c  in

spot t e s t s , w i t h  narrow zones of inh ib i t ion  indicative of poor d i f f u s i o n

by these compounds , experiments were performed using plate assays incor-

pora ting graded doses of the FAA. Data for tests of TA98 and TA100 with

and without microsoma l activation appear in Table 1. Neither TA0-~ nor

TA100 was reverted to a significa’it extent by P>~, ~~~~ WR-155,122 o r

WR-99,2l0 at the doses indica ted. WR-99,210 arid WR-l58,122 proved to be

toxic at higher doses; thi i~ toxicity was relieved somewhat by the presence

of t h e  microsoina l system. All Ii’AA s tested in pour p lates were toxic for

S. typh f.mu r [urn ti-st t• r strains at 100 cc g/p 1. These same FAA s gave ’ similar
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results using strains TA1535 , TA1537 and TA1538; that is, no significant

mutageniciry occurred in the presence or absenc e of a c t i v a t ion . Fur the r--

more , vary ing the concent rat ion of S—Y over ci r a n t v, e of 25 to i ’ d)  ~ I t a r

plate , or emp loy ing untinduced , or phenobarbi ta 1 , or 3 -n i e t iny i c h o l a n t h i r e n i e —

induced S-9 did not- alter the lack of mutagenicity of th i - FAA s fo r  any

Salmonella strain (Schoeny et al., manuscript in preparation) .

B. Studies with S. faec ium. During the last 3 years we have been using

S. faecium var. durans in microbiologic assays of p lasma samp les for FAA

content . In approximately 20-25’/, of these assays an unpredicted result

was ob tained . In these cases more growth occurred at higher concen-

trations of drug than at one-half these concentrations . For examp le ,

in 62 out of 338 assays (18/ of tests) with WR-158,122 more growth was

obtained at 1 mg/nil than at half the concentration , 0.5 mg/mi (Figure 2).

With WR-99 ,210 such results were obtained in 35 of 132 trials (26-;-’.). Th is

effect had not been recognized in our earlier studies using PM; however ,

in reviewing our data a few such results were found with that compound .

Checks of isolates from the tubes having this unexpected growth

showed that the organisms had the usual characteristics of Streptococcus

faec ium var . durans (7) but were approximately 5 t imes as resistant

to FAA as the stock culture.

Mutation to folic acid independence - spot tests. Typ icali y when

l0~ cells of a s tock c u l t u r e  o f  . faecitnm are p l a t e d  in the  absence of

added folic acid a few folic acid-independent colonies develop . This

suggested that perhaps fo  ic acid independence could he mutagenicall y

induced in this strain ; so spot tests of various concentrat ions of FAA or

of standard mutagens were conducted on p lates lacking fol Ic acid . Rings

I

.“ — ~~~. —I
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of f o l i c  a c i d - i n d e p e n d e n t  colonies  (see F igure  3 )  were obtained with

brornodeoxyuridinc, 2-amiriopurinie , pro ilavinie , qinini acr inne mustard , and -

N -n i t r o - N -n i t r o s o gu a n i c ’ine , and w i t h  each of the 7 FAAs t e s t e d :  I’M ,

TM? , CCT , I’TTX, WR-38,839 , 14R-99,210 and WR-i58,l22 . Rings wer e ’  u f ’ t a i z i e d

with a wide range of concentrations of the FAA s but not every t r i a l  w i t h

the known mutagens or with the FAA s yielded positive results (Table 2).

Mutation to FAA resistance - spot tests. Spot tests of the FAAs were

also made using plates containing folic acid . Rings of FAA-resistant

colonies were formed in the zone of Inhibition around the drug spot

with the 7 FAAs listed above . Again positive results occurred u~ in ti’ a

wide range of concentrations of each drug but were not invariabl y obtained

(Table 2). The position of the ring of mutant8 and the diameter of t h e

area of inhibition varied with the type and amount of FAA used . However ,

for any given FAA , increasing the amount of compound did not increase

the diameter of t h e  r ing  above a certain level. Apparently, FAAs d if f use

too slowly to prevent growth beyond a certain distance .

Mutation to rifamp in resistance in broth cultures. Since both

growth wi thou t  fo l a t~ and res i s tance  to FAA may be related to the

folate pathway , an attempt was made to detect unrelated mutagenic effects .

Mutation to rifamp in resistance was chosen since S. faccium is sensitive

to this antibiotic at 2.5 L~g/ml on agar p lates . Spot tests could not be

used in this case, since the combined app lication of FAA and antibiotic

eliminated all growth; resistance to this drug combination would require

the formation of a double mutant. For this reason a sequentia l test was

employed in which S. [aecium was first grown Lii t he presence’ of partially

i n h i b i t o r y  concentra t ions  of FAA , s u b c ult u r e d  in d r n i c ’ . - f r e e  medium and
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then p lated on cigar for selection for rifamp in resistance- or for t1~ ’

properties ot folic acid independence or FAA resistance . Typ ical results

given in Table 3 show that exposure to FAA increased t i n e  number  o f

r i f a m pin-res is tan -i t colonies 39 to 115-fold . In  other experimenis t h e

number of ri famp in-resistant colonies has increased up to 4500-told .

Two different levels of rifamp in resistance were observed . O f 710

colonies isolated at 5 ug/ml,6l percent were able to grow at 100 )~g /ml.

Others were unable to grow at concentrations above 5 ug/ml .

The possibility was considered that rifamp in resistance arose

spontaneously in these experiments and that the presenc e of the FAA in

some way favored the multiplication of these rifampin-resistant cells.

This was tested in two ways. First , Figure 4 demonstrates that the

parent strain , a rifarnp in-resistant strain , and a strain resistant to

bo th r i fampi n and chioramp henicol have identical growth rates in the

absence of FAA . Secondl y, the double mutant strain was mixed with the

stock sensitive strain in the proportions of l/l0~ and l / l O~~. These

mixtures were cultured in the presence of WR-158,122 , expressed in the

absence of FAA and plated on rifamp in agar . Rifamp in-resistant colonies

were ’ pa tch  checked for  chi oramphenico l  r e s i s t ance , it can be seen in

Table 4 that the ratio of chloramp henicol-resistant to rifamp in-resistant

c o l o n i e s  in the mixed cultures decreased with increasing exposure to FAA.

This would be expected due to the generation of additional t-i famp in-

resistant ccl is from among the  parent , sensit ive p opu la t  iou . Thus , it

does not appear t h a t  the  origina l rifamp in-resistant , clnlorannp hi enicol-

resistant cells ha d a selective advantage in the I”AA medium . It appears ,

rather , that they may not n€-  able to compete successfull y wi th the w ild

- 
—

~~ 
— - .— -



type organ ism in mixed c u l t u r e - . I) i rec t p int  i ng  f o r  t h e  s c o r i n g  of

chlo ramp hen i col  r e s i s t a n c e  was not p o s s i b l e  i n  t i n t s  e x p e r i m e n t  d i n e  to an

apparen t  d i f f u s i o n  of Lh e  chioramp h e n t i c o l  r e s i st a n ce -  e f f e c t  wh ich a l lowed

growth of  s u r r o u n d i ng  ce lLs .

Mutat ion to f ol i c  acid independenc e and FAA r e s i s t a n c e  in b r o t h

c u l t u r e s .  C u l t u r e s  exposed to  FAA in b r o t h  c u l t u re s  ve i n - a l s o  checked  for

numbers  of co lonies  ab le  to grow wi thou t  fo l i c  acid an - id t o n  t i n e  n i u n nb e r s

showing FAA resistance . In the results shown in Table  3 the  numbers of

folic acid-independent colonies per plate ranged from 90-1300 as compared

with 19 on the control .

Scoring fo r  FAA resistance is more d i f f i c u l t  than scoring fo r  t ol i c

acid independence or for  r i famp in resistance because the FAA s are only

bacteriostatic . Comparison of stock and FAA-exposed cultures made at the

same t ime show reproducible increases in numbers of colonies (Table 3) with

resistance to F&A.

I t  would be expected that  under  our c o n d i t i o n s  of FAA exposure

naturally occurring FAA resistance would be selected . However , attempts

to isolate highl y FAA-resistant cells from the untreated stock culture

were unsuccessfu l (,<1040) .

Independence of mutational events. Cross checks by patch test or

rep lica p lating to selective media indicate that the three traits , f ol i c

acid independence , FAA resistance and rifamp in resistance arise indepen-

dentl y. As p r e s en t e d  in Table 5, 6,5°/, of the colonies wh ich were folic

ac id- independent were  r e s i s t a n t  to FAA , and a separa te  I n , SF were

rifamp uui-resista nt. Of t h e  co lonies  which were rifanip in—resistant , IOF

were resistant to FAA and a separate 11/ were folic acid-independent . Of

_______ - ‘~~~~~~ v~~~~~
’_  - . 
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the  colonies resistant to FAA none were rt- s is t aut  to r I fan ip iii cui d onl y

30 . were folic acid-f :c-!ependent .

R e l a t i o n  of gro wth  i n h i b i t i o n  by l-’AA s to m u t a g e n n e s i s .  The d a t a  for

the three types  on. mutants were examined for possible relationshi ps between

the amount of growth i n h i b i t i o n  of S. faecium and the  numb er of mutants

produced . For a l l  th ree  m a r k e r s  i t  was necessa ry  t h a t  g rowth  be i n h i b i t e d

approximately 50F b e f o r e  the  number of mu tan ,,t s  exceeded 10 t imes t i n e  m u t a n t

level of the untreated control.

For folic acid independence , the marker for w h i c h  t h e r e  is t h e  m o s t

data , there was a direct relationship between the proportionate increase

in number of mutants and the inhibition of growth by the FAA s. Dat a f o r

PM and WR-158,l22 are shown in Figure 5. The proportionate increase in

number of mutants is p lot ted versus the amount of growth inh ib i t ion

produced by the FAAs; dotted lines represent tine ~~ confidence’ limits

of the  response .  A v a i l a b l e  da ta  for  FAA and r i f a m p in r e s i s t an c e  appear

to follow the same nattern .

DISCUSSION

In most cases it is generall y recognized that tine development of dru g-

r e s i s t a n t  p o p u l a ti o n s  in  l abo ra to ry  clones  is t h e  i e s u l t  n.n l  ‘it ’ i c c . t [on of

spontaneously occurring resistant m u t a n t s  (25) . I t  has been shown

occasional ly ,  however , t h a t  a g r o w t h - i n h i b i t o r y  d r u g  may have mutagenic

properties ( 10)  . ‘ru e data presented in-i this paper  i . n d i c i t  t i c - i t  d r u g s

which  are f o l i c  ac id  a n t a g o n i s t s  have m u t a g eu n i c  ‘ n op er t  it ’s t a r  S. f a ec i u m

but  are negative in tests with S. typh im ur i um .
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Previous s tud ie s  have i n d i c a t e d  low-grade r m n t a g e ’ n n i c i e y  of  t~fi’X and PM for

E. coli (12 , 19) an -id n e g a t i v e  r e s u l t s  w i t h  ~iI’X on S. typ h n i m u r i u m  (13 ) .

When the 5, typ h i m u r iu m  t e s t e r  s t r a i n s  of Ame s we ’r e ’ app l ied  t o  se-ve c FAA s

in our l a b o r a t o r y ,  t i e  FAA s f a i l e d  to r eve r t  t i n e ’  nn l i s se r ns e  n l u t c i n n t  in TAI 5 3 5

and TA100, as wel l  as the  f r a m e s h i f t  m u t a n t s  i i i  TA 1537 , TAIS3S anid I ’A98

when the FAA s were used in spot tests or at any of several conncentrat ions

in pour p la te assays . That the FAA s were delivered to tine bacteria is

ev idenced by their toxicity for one or more strains at high doses

(100 f~g/p1). The toxicity was relieved somewhat by tine presence of S-9

liver mix. This effect could be due to a sparing action of the folic

ac id present in the liver fraction . It is also possible that the l iver

microsomal fraction was able to bind or to metabolize a portion of the

d r u g  to some inactive form. In any case, tine S-9 mix did not a c t i v a t e

the FAAs to a form capable of reverting the Salmonella auxotrop hs. Th is

was true both-i with uninduced or with a wide range of concentrations of

phenobarbital- , 3-mcth ylcholantbrene- or PCJ3 (Aroclor  1254) - induced

microsoma l f r a c t i o n s  (Schoeny , et a l .,  manusc r i p t  in preparation) .

FAAs are fa r  more i n h i b i t o r y  for  the f o l a t e - r e q u i r in g  S. faec ium than

for the S. typhimuriutn (0.01 to 0.10 gg/p late’ for Streptococcus as

opposed to 100 ug/plare for Salmonella). It may be that tine failure to

m u t a t e  the  f o l i c  a c i d - i n d e p e n d e n t  Sa lmone l la  s t r a i n s  is r e l a t ed  to t h e i r

r e l a t ive  i n s e n s i t i v i t y  to these  compounds .

I n it i a l  e v i d e n n c e  for  t h e  m u t a g e n i c i t y  of FAAs f o r  S. f aec ium was

found in tube assays fo r  f A A  hac t er iostas is  i n  which more growth occurred

at hi gher concenit r a t  io is of drin g than at one—half those concentrat b u s .

When S. [aeciunn was used In spot t e s t s  for  convers ion  to fol i c  acid

_ _ _ _ _  - - ‘ - ~~~.- - 
- 
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independence , posit i ve  r e s u l t s  were obtained w i t h  all seven F’AAs tested:

CCT , ~!l’X , [‘N, TMP , WR-3S ,83~), WR-158,122 and WR-~)9,2lO . Rings of folic

acid-independent coloni2s were obtained at f requenc ie s  of 13-54 of trials

with-i various FAAs. Spot tests for FAA resistance were positive’ at rates

of 13-217- . That positive results were not achnieved consistentl y is

probably due to the delicate balance of interactions between tine

metabolism of the organisms as th ey grew on the plate and tine bacterto-

static act ivity of the FAA diffusing from tine test spot . We conclude that

for some trials the bacter iostatic FAA disal lowed expression of f o l a t e

independence or FAA resistance. In-i sequentia l tests fun wh ich S. facc ium

was firs t exposed to par tially inhibitory concentrations of FAA and then

tes ted fo r f olic aci d independence and FAA r e s i s t a n c e , the results were

more consistent .

Since both markers mentioned above involved the fol ic ac id pathway, it

was decided to check the mutagenic effects of FAA s on an unrelated marker .

S. faecium is a relatively fastidious organism requiring at Least 10 amino

acids in addition to other growth factors , so metabolic auxotrop his were

not feasible for study. Resistance to rifamp in was chosen as a marker

since the strain was shown to be quite Sensitive to this drug . In assays

wherein cells were exposed to FAA , expressed in n the absence of FAA , and

then p lated for selection , tine uiumber of rifamp in-resistant colonies was

increased from 39 to 4500 times over the number in the unexposed spontaneous

control. A t least two dif fe rent levels of rifamp in resistance were

observed in m u t ant s  isolated . These r e s u l t s  were obtained  wi t i n  a l l  FAA s

tested: CGT, MIX , TMP, I’M, WR-l58,122 and WR— 11) ,210. Sequential exposure

was necessary to avoid the additiv e- growth-inhibitory effects of these

___________ -- _— ‘
—
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compounds . Thie exper imenit assumes that prey j o ust  v c x  [~; t  in n- n u n !  - n - w i v

a r i s ing  r i famp i n — r e s i s t a n i t  c e - l i  s have no s t - i c c .  t ive ’ - - u owt  , n d v , t ~ - t  - n  - i - f a r

or a f t e r  exposure to an ’  I /on.. Our da ta  m d  i ca t e -  f l u  i s  t n  f i t -  ti n - ca u ~ , - n o r

the following reasons.

In the f i r s t  p lace , p a tch -check ing  and/or  rep lica p l a t i ng  colonies to

selective media showed the proper t ies  of FAA res istance’ , r i f a m p in r e s i s t a n c e ,

and fo l ic  acid independence to be genera l ly independent evenn i s . No colonies

selected on FAA p lates were r i famp i n - r e s i s t a n t, and only  107. of co lonies

growing on r i famp in were res is tant  to FAA . If FAA se lec t ion  were a l lowing

overgrowth of p re-ex is t ing  r i f ampin - re s i s t an t  organisms , t h i s  percentage

would be expected to be hi gher . Interestingly, even folic acid-independent

colonies were gene ra l l y not FAA-res is tant, with o n l y  6.5’ of such cells

hav ing bo th properties. Levels of folic acid biosynthesis were not

examined in these folic acid-independent , FAA-res istatnt cells . Th nat as

many as 307. of the FAA-resistant cells showed folate independence may be

due in part to the double exposure these cells received , first in initial

expos ure for mutagenes is , and second , during isolation as FAA-resistant

colonies.

Secondly , as shown by comparative growth curves , there  appears  to be

no selec t ive growth advantage for r i famp in res i s tance  or s e n sit i v i ty  in

the absence of FAA . The wild type organism , a ritanup in-resistant strain ,

and tine strain doubly resistant to rIfam1nin and ctnlorannp hieu nicol al l show

esse ntially identical growth rates.

T h i r d l y ,  d i r e c t  seeding exper iments  were conduc ted  inn w i n ic i n  ritamp in-

r e s i s t a n t  c e l l s  n ’ e ’ n n e t i c a l ly  tagged w i t h  a chlo r amp h cn lc o l  r e s i s t a n c e

marker were d i l u t e d  w i t h  s ens i t i ve  cel ls  and c a r r ied  t i i r u u i n h  t ine  FAA 

- - 
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treatment . This assay showed no ind ica t ion  of s el e c t i v e  advantage  for

r i famp i n - r e s i s t a n t  organisms ifl t h e  p resence  of FAA . Thus , t ine  increased

incidence of r i famp i n - r e s i s t a n t  ce l ls  is not due to se lec t ive  c o n d i t i o n s

occurr ing  d u r i n g  the FAA t r ea tmen t  p rocedure .

It has been est~~h l i shed  tha t  by i n t e r f e r i n g  in tine fo la te  pathway FAA s

inh ib i t  the p roduc t ion  of th ynnine , pur ines , p ro t e in  arid l i p id ( 2 ) .  For

S. faecium the requirement  for  fo l ic  acid in the growth-i medium used here

can be rep laced by the add i t ion  of th ynn ine (17) . In the  suspens ion  assays

for  FAA mutagenes is  a c e r t a in  level of FAA growth inh ibi t ion was shown

to be necessary . Al though the FAA dose required for b ac t e r i o s t a s i s

and mutagenesis  varied somewhat for  ind iv idua l  assays , a dose- response

re la t ionship could be shown between g rowth l i m i t a t i o n  and numbers of f o l i c .

ac id - independen t  m u t a n t s  produced .

We suggest that  the FAAs , in competing with the fo l i c  acid , p roduce  a

thynnine insufficiency which , wh ile not comple te l y i n h i b i t l u -n- , g r owth ,

does i n t e r f e r e  wi th  DNA metabolism so as to cause muta t ions . Thymine

starva t ion is known to produce muta t ions  in E. coil (4 , ( n , ~f), B. s t n b t i l i s

(3 ) ,  and T4 bac ter iophage ( 2 6 ) .  Besides being unutagenic in i t s e l f ,

th ymine depr iva t ion  could add i t iona l ly  promote mutagenic i n t e r c a l a t i o n

of the plana r pol ycy lic FAAs .

That FAA s can effect mutagenesis is of clinical significance. Since

the  fo l i c  acid pathway is common to a l l  c e l l s , the mecina ruisms operative

wi th  S. f aecium w i l l  p robab ly  be s imi la r  in o the r  type ’s of o rgan isms

s e n s i t i v e  to these compounds . When administered repeatedl y at low doses as

has been common in-i t h e  p reven t ion  and t r e a t m e n t  of ma l a r i a , t ine  F\A s are

capable of s e l e c t i n g  for  c e l l s  r e s i s t a n t  to t inemse lv es . On the  o t h e r  h and ,

- I.. ~~~~~~
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high doses delivered for maximum chemotherapeutic effec t may be capable

of induc ing a variety of mutations .
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STRUCTURES OF FOLIO ACID ANTAGONISTS
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TABLE I. The lack of ccnutagenicity of fo l i c  ac id  a n nt a g o n i st s

for  S. typ h innur tu m in pou r p l a t e  a8says .

a
Muta~ en _jigLplate No .o I  colonnies 

_____

TAYtI TA 100

-S9 +sg b -S9 f - so

None - 15 27 90 83

2-aminoanthracene 5 30 580 31 814

meth y l methanesulfonate  97 ND~ NI) 1710 ND

4-n it roqu inoline - 1-ox ide  0.2 180 ND NI ) ND

pyrmmetiuam ine 100 1d

5 2 0 21 48

1 3 0 20 55

0.5 0 3 16 45

0.1 0 1 37 24

m e t h o t r e x a t e  100 I I I I

10 5 1 . 15 42

5 1 3 15 48

1 7 5 28 36

0.5 0 3 50

0.1 0 0 24 18

WR- 158 , 122 100 I I I I

10 I I I I

S I II 1 1

1 I I I I

0 .5 I 0 1 1,

0. 1 3 0 0 23
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t n F lp I ‘ ont i nued

TABLE I.  The lack of mtitagenicity of f ol i c  ac id  an tagonis t s

fo r  S. typ in mmur ium in p o u r  p l at e  assays .

a
Mutagen ag/p l a t e  ~ o . n ’ t _ c ol o n i e s

TA98 TAIOO

WR-99 ,210 100 1 I I I

11) I I I I

5 I I I 1

1 1 5 10 17

0 .5 5 3 30 55

0.1 3 3 38 32

aBased upon quadrup l icate p la t ings . Values  for spontaneous are averages ,

other values are average minus the spontaneous .

was from pooled PCB- induced rat liver homogenate and was used at a

concentration of 50 al/plate.

CND - not done .

d1 - inhibited growth .
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TABLE 5. Independence of Muta t iona l  Events

Perce nt of co lon ies showi ng

Folic Acid
Phenotype Number Folic Acid Antagonist Rifatnp in
Selec ted Tested Independence Resistance Resistance

Folic  ac id
Independent lbb 100 6.5 6.5

Folic  ac id
An t a g o n i st

~1esis tan t 257 30 100 0

Rifamp in
Resis tant 99 11 10 100

F
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