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INTRODUCTION

S trep to zo to c in  i s  a  broad-spectrum  a n t ib io t ic  produced by

S trep toayces achromogenes v a r .  s tre p to z o t ic u s . In  a d d itio n , i t

20 2^ 27 28d isp lay s  mutagenic a c t i v i ty ,  a  marked an ti-leukem ic

a c t i v i t y ^ 5̂  and i s  a  d iabetogenic  agent being  s p e c if ic a l ly  to x ic

12t o  tb e  ^ - c e l l s  o f  th e  i s l e t s  o f  Langerhans.

This a n t ib io t ic  i s  in te r e s t in g  in  th a t  i t  has a deoxyglucose 

m oiety a tta ch ed  t o  N -m ethyl-N -rd trosourea,^^’^  a  known m u tag en .^  

Tetsuo Suami and Tomoya Machinami have p repared  sev e ra l analogs o f  

s tre p to z o to c in  w ith  a l te r e d  carbohydrate m oiety. In  a l l  th e se  

an a lo g s , th e  N -m ethyl-N -nitrosourea group, p o te n t ia l ly  resp o n sib le  

f o r  mutagenic a c t i v i ty ,  remains unchanged. In  th e  p re sen t in ves­

t i g a t io n ,  s tre p to z o to c in  and th e se  analogs have been used to  study 

th e  e f f e c t  o f change in  th e  non-mutagenic p a r t  on th e  mutagenic 

a c t i v i ty  o f  th e  m olecule.

The only rep o rt a v a ila b le  on a study o f s tre p to z o to c in  and i t s

analogs concerns i t s e l f  w ith  t h e i r  a n t ib a c te r ia l ,  d iabetogenic
0

and cy to to x ic  e f f e c t s ; i t  i s  shown th a t  in v e rs io n  o f th e  4-hydroxyl 

group o f s tre p to z o to c in  lead s  t o  complete lo s s  o f  a n t ib a c te r ia l  

a c t i v i t y  ag a in s t th e  t e s t  organism , Pro teus v u lg a r is , as does 

m ethyl g lycoside form ation in  b o th  anomeric co n fig u ra tio n s ; none
g

o f  B a n n is te r 's  analogs o f  s tre p to z o to c in  showed d iabetogenic 

a c t i v i t y  a t  65mg/Kg. in  th e  r a t  a t  which con cen tra tio n  s tre p to z o to c in

1
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causes a  fo u r-fo ld  e le v a tio n  o f  blood sugar co n cen tra tio n ; cy to to x ic

a c t iv i ty  a g a in s t L-1210 c e l l s  in  c u ltu re  showed th a t  oC-methyl

g lycoside i s  tw ice as a c tiv e  as {3-methyl g ly co sid e .

51Rosenkranz has compared b io lo g ic a l and m etabolic e f f e c ts  o f 

N -m ethyl-N -nitrosourea and s tre p to z o to c in  in  b a c te r ia  as w e ll as  in  

mammalian c e l l s ;  he has shown th a t  N -m ethyl-N -nitrosourea i s  more 

to x ic  th an  s tre p to zo to c in  a g a in s t E scherich ia  c o l i  c e l l s  and s t r e p ­

to z o to c in  a f f e c ts  RKA and p ro te in  sy n th es is  much le s s  d r a s t ic a l ly  

in  mammalian c e l l s  th an  does N -m ethyl-N -nitrosourea.

The p re sen t study i s  s ig n if ic a n t  in  t h a t  i t  employs a  

s u b s ta n t ia l  number o f analogs i . e .  n in e , which d i f f e r  from each 

o th e r not only in  a l te r e d  carbohydrate stereochem istry  bu t two of 

them carry  su b s titu e n t carbohydrates th u s  p rov id ing  enough v a r ia t io n s  

in  th e  non-mutagenic carbohydrate m oiety t o  understand  i t s  ro le  in  

mutagenic a c tio n  o f s tre p to z o to c in .
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REVIEW OF LITERATURE

Several hundred p u b lic a tio n s  dea lin g  w ith  d if f e r e n t  a sp ec ts  

o f re sea rch  on s tre p to zo to c in  have appeared s in ce  i t s  d iscovery  

in  i 960 . The d iscovery , i s o la t io n ,  to x ic i ty  and chemical
Q

sy n th es is  o f  s tre p to z o to c in  have been re c e n tly  reviewed by Beyer. 

Inform ation on th e  analogs used in  th e  p re sen t work i s  supp lied  in  

Appendix I .  In  th e  p re sen t review , c e r ta in  p ro p e r tie s  o f s t r e p to ­

zo to c in , methods fo r  d e te c tio n  o f chemical mutagens and n a tu re  o f 

p e rm eab ility  b a r r ie r s  in  b a c te r ia  w i l l  be d e a lt  w ith  b r i e f ly .  A 

se c tio n  dealing  w ith  p re sen t concepts on re la t io n s h ip  o f m utagenesis 

and carcinogenesis o f  n itro so  compounds has a lso  been included in  

t h i s  review .

P ro p e rtie s  And A c tiv i t ie s  o f  S trep to zo to c in  

22G arre tt has rep o rted  on aqueous so lu tio n  degradation  o f

s tre p to z o to c in  and has shown th a t  s tre p to z o to c in  has a  h a l f  l i f e  o f

90 hours a t  30°C a t  pH i t  has a  h a l f  l i f e  o f one hour a t  pH 7 a t

37°C and th e  r a te  o f  degradation  o f  s tre p to z o to c in  i s  a  fu n c tio n  o f

H+ and 0H~ ion  c o n cen tra tio n s . For a  review o f  o th e r p ro p e r tie s  o f
9

s tre p to z o to c in  see Beyer.

A n tib a c te r ia l  a c t iv i ty

S trep to zo to c in  i s  a c tiv e  in  v i t r o  a g a in s t bo th  g ram -positive

55and gram -negative b a c te r ia  and th i s  i s  a t t r ib u te d  to  i t s  a b i l i t y  

to  in h ib i t  DNA sy n th e s is .

3
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D iabetogenic a c t i v i ty

r  b6In  1963> E ak ie ten  e t  a l . ,  showed th a t  th e  a n t ib io t ic

s tre p to z o to c in  was d iabetogen ic  because in travenous a d m in is tra tio n

produced fran k  d ia b e te s  in  dogs and r a t s .  Rabbit and man have
3 2 ,5 2been found t o  be r e s i s ta n t  to  s tr e p to z o to c in 's  d iab e to g en esis . 

S trep to zo to c in  causes d eg ran u la tio n  and fran k  n e c ro s is  o f  th e  

ff-ce lls  and d is ru p tio n  o f  th e  i s l e t s  o f Langerhans in  r a t s .  The
1*9

at-c e l l s  appear normal during  th e  course o f th e  d iab e te s  in d u c tio n .

The glucose m oiety in  th e  s tre p to z o to c in  m olecule i s  necessary
1*9

f o r  s tre p to z o to c in 1s d iabetogen ic  a c t i v i ty .  N icotinam ide, when

given i r r t r a p e r i tonially te n  m inutes b e fo re  s tre p to z o to c in , has been

found to  com pletely p ro te c t  a g a in s t d iab eto g en esis  in  mice and 

53r a t s .  Ryrazinamide and 2-deoxyglucose were a lso  found to  be
13

p ro te c tiv e  a g a in s t s tre p to z o to c in  d ia b e te s . I t  i s  o f  in te r e s t  to

note th a t  n ico tinam ide p re tre a tm e n t, which p ro te c ts  a g a in s t s t r e p ­

to z o to c in  induced d ia b e te s , does no t a b o lish  s tre p to z o to c in 's
1*9

antitum or a c t i v i t y .

Carciogenic a c t i v i t y

In  1967, A rison and Feudale shewed th a t  s tre p to z o to c in  could

7 5^induce re n a l tumors in  r a t s .  Sibay and Hayes were ab le  to

dem onstrate s tre p to z o to c in  induced tumors and o th e r  le s io n s  in  th e

l i v e r  o f Chinese ham ster. P an c rea tic  i s l e t - c e l l  tumors were a lso
1*7

found to  be induced in  th e  r a t  as shown by E ak ie ten  and co-w orkers.
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5.

C a rc in o s ta tic  a c t iv i ty

As p re d ic te d  from i t s  pahge induction  a b i l i t y s t r e p t o ­

zo to c in  has been found t o  have c a rc in o s ta t ic  a c t i v i ty  in  a  v a r ie ty  

o f  anim al system s. I t  i s  e f fe c t iv e  in  in h ib i t in g  growth o f :

W alter 256 carcinoma, sarcoma 180, E h rlich  carcinoma and murine 

leukem ias L1210, P388 and L5178Y. Adolphe and co-workers^ used 

la b e l le d  s tre p to z o to c in  in  advanced cancer p a t ie n ts ;  s tre p to z o to c in  

was e i th e r  la b e l le d  in  th e  methyl group (^ C )  o f  th e  m eth y l-n itro sou rea  

m oiety o r  i t  was t r i t iu m  la b e l le d  on th e  s ix th  carbon o f  th e  glucose
3

r in g . They have shown th a t  p a t ie n ts  re c e iv in g  H -strep to zo to c in

ll+ Ikand C -s trep to zo to c in  showed h ig h er le v e ls  o f  C in  plasma a f t e r

1+8 hours th a n  H even though h ig h er doses o f H were adm in istered .

and ^H -strep tozo toc in  were d e tec ted  in  b iopsy  t i s s u e s  o f two

p a t ie n ts  as long as fo u r days a f t e r  a d m in is tra tio n .

Relationship Between Mutagenicity 
And Carcinogenicity o f Nitroso Compounds

The concept th a t  th e  in d u c tio n  o f cancer might follow  m utation

in  a  som atic c e l l  i s  one o f  th e  p rev a len t hypotheses o f cancer 
1+1cau sa tio n . This hypothesis m aintains th a t  cancer i s  i n i t i a t e d  

by an u n rep a ired  m utation o f  th a t  p a r t  o f  th e  genome th a t  codes fo r  

DM r e p l ic a t io n - in i t i a t in g  polym erase. This m utation  could a r is e  by 

d ire c t  re a c tio n  w ith  an u ltim a te  carcinogen o r in d ir e c t ly  i f  th e  

u ltim a te  carcinogen re a c ts  f i r s t  w ith  any in fo rm ation  handling 

substance e .g .  DNA-dependant RNA polym erase, mRNA fo r  in fo rm ation-
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hand ling  p ro te in ,  tSNA. codons e tc .
25

Baddow dem onstrated DNA, RNA and p ro te in  a lk y la tio n s  in  

organs o f  animalg t r e a te d  w ith  n itro so  carcinogens and concluded 

t h a t  w hatever th e  p re c ise  chem ical mechanism o f th e  a c tio n  o f 

carcinogens, th e re  can he l i t t l e  doubt o f  th e  importance o f  t h e i r  

com bination w ith  g en e tic  m a te r ia l  o r i t s  p re c u rso rs , i f  (as  seems 

l ik e ly )  t h i s  i s  e s s e n t ia l  t o  th o se  a t  l e a s t  which fu n c tio n  through 

b io lo g ic a l  a lk y la tio n .

I t  has been found wherever t e s t e d ,  th a t  n itrosoam ides a re  not 

only s tro n g  carcinogens bu t f a i r l y  p o te n t mutagens. These com­

pounds as exem plified  by N-m ethyl-N -nitro-N ' -n itro so g u an id in e  and 

N -n itro so -e th y l u re th an  need su lfah y d ry l groups fo r  conversion to  

v e ry  re a c t iv e  carbonium ions (CH^) o r a lk y l diazonium ions (CH^Ng). 

On th e  o th e r hand, th e  s tro n g ly  carcinogenic n itrosam ines e .g .  

N -m ethyl-N -nitrosam ine, have shown only a  l im ite d  range o f mutagenic 

a c t i v i t y .  A negative  c o r re la t io n  between mutagenic and carcinogenic 

a c t i v i ty  i s  exem plified  by te r tb u ty le th y ln itro sa m in e  which by v ir tu e  

o f  a  t e r t i a r y  b u ty l group la ck s  an oC-carbon and cannot be oxid ized

to  g ive  an a lk y l  diazonium. ion ; hence t h i s  compound i s  not carc ino -
n  1+3

genic  in  r a t  and not mutagenic in  D rosophila .

N itroso  compounds p r e f e r e n t ia l ly  a lk y la te  th e  N-7 and. 0-6

atoms o f  guanine re s id u es  and show le s s  tendency to  re a c t w ith  N -l
29atom o f  adenine o r  N-3 atom o f  c y to s in e . The a b i l i t y  o f  n itro so  

compounds t o  m ethylate  th e  0-6  atom o f  guanine could account fo r  

t h e i r  m utagenic potency s in ce  t h i s  could cause m ispa iring  and hence
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7.

t r a n s i t io n  m u ta tions. The observation  th a t  0 -6  m ethylated  guanine i s
30excised  from E scherich ia  c o l i  DNA in d ic a te s  th a t  r e p a ir  systems 

recognize th e  p o te n t ia l ly  miscoding group.

P o s itiv e  c o rre la tio n s  between ca rc in o g en ic ity  and p roduction  o f 

DNA a lk y la tio n s  by e th y l-  and methyl methane su lfo n a te s  have been 

dem onstrated in  th e  kidney o f r a t .  A s im ila r  re la t io n s h ip  can be 

hypothesized fo r  n itro so  compounds bu t t h i s  has been doubted as i t

f a i l s  to  ex p la in  th e  s tro n g  carcinogenic and weak mutagenic a c tio n
6 59fo r  n itro sam in es . Swann and Magee have countered t h i s  o b jec tio n

by showing th a t  s im ila r  tumors a re  induced in  b ra in  and kidney o f 

th e  r a t  by bo th  a lk y la tin g  agen ts used in  s im ila r  concen tra tions 

and adm in istered  a l ik e .  Another o b jec tio n  t o  a lk y la tio n  as a  b a s ic  

mechanism o f c a rc in o g en ic ity  and m utagenicity  o f  n itro so  compounds, 

has been th e  p o ss ib le  in a b i l i ty  o f  some c y c lic  n itrosam ines to  under­

go necessary  m etabolic  a c tiv a tio n  to  produce th e  req u ired  a lk y la tin g
g

in te rm ed ia te . This has been countered by some bu t no t a l l

33subsequent ev idence. Lee and L ijin sk y  re p o rte d  a lk y la t io n  o f r a t

l i v e r  RNA by some c y c lic  n itrosam ines in  v ivo  which in d ic a te d  th a t

m etabolic  opening o f h e te ro cy c lic  rin g s  must have occurred . However,
3k

subsequently , L ij insky  and Ross f a i le d  t o  d e te c t n u c le ic  a c id  

a lk y la tio n  w ith  some c y c lic  n itrosam ines b u t d id  f in d  i t  w ith  some 

noncarcinogenic c y c lic  n itro so  compounds. Stew art has s tu d ied  th e  

metabolism  o f N-nitrosom orpholine la b e l le d  in  th e  2 o r 3 p o s it io n  

o f  th e  r in g ; he has found t h a t ,  w ith  each sam ple, more th an  80$  of 

r a d io a c t iv i ty  in je c te d  in to  r a t s  was ex cre ted  in  th e  u r in e  during  a
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8 .

p e rio d  o f  30 hours fo llow ing ad m in is tra tio n . In  both c ase s , however, 

more th an  3$  o f in je c te d  r a d io a c t iv i ty  appeared in  th e  exp ired  002 

during  t h i s  p e rio d ; t h i s  again  in d ic a ted  th a t  m etabolic opening o f 

th e  h e te ro c y c lic  r in g  must have occurred.

Since th e  d iscovery  cf th e  p o ten t mutagenic a c tio n  o f N-methyl-

N -n itro -N 1 -n itro so -g u an id in e  (MNNG) in  b a c te r ia  by Mandell and

Mi,63

39Greenberg, t h i s  conpouri and o th e r nitrosom ides have been

recognized to  be among th e  most pow erful o f known mutagens.

The n itrosoam ides a re  m utagenically  a c tiv e  in  b a c te r ia ,  y e a s ts ,

Neurospora, p la n ts  and D rosophila bu t n itrosoam ines have g en e ra lly

been rep o rted  to  be in a c tiv e  in  a l l  o f th e  above organisms except

D rosophila . This d iffe re n c e  seems t o  be due to  th e  requirem ent fo r

m etabolic  a c t iv a t io n  o f n itrosam ines and la c k  o f t h i s  requirem ent 
1+5

fo r  n itro sam id es .

In  o rd er t o  s e e , i f  changes in  pH would b rin g  about a

d iffe re n c e  in  mutagenic p a t te rn  o f n itrosam ines and n itro sam id es,
1+0

Neale s tu d ie d  in d u c tio n  o f  re v e r t  an ts  to  tryp tophan  p ro to trophy  

in  E. c o l i  A58 under th e  a c tio n  o f th e se  compounds. N-methyl- and 

N-ethyl-N* -n itro so u re a  d id  no t show any changes in  t h e i r  mutagenic 

a c t iv i ty  from pH 6 .0  t o  7 .9  bu t a t  pH 5 -0 , th e  a c t iv i ty  was d ras­

t i c a l l y  reduced* On th e  o th e r hand, n itrosam ines as exem plified  by 

d im ethyl- and d ie th y l  n itrosam ine had no d e tec ta b le  mutagenic 

e f f e c t .  S im ilar co n cen tra tio n s  o f N -nitrosom orpholine were a lso  

nonmutagenic in  t h i s  system . In  ano ther s tu d y , Zeiger and Legator 

have shown N -nitrosom orpholine, a  pow erful carcinogen, to  be
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mutagenic in  host-m ediated  assay  hu t non-mutagenic f o r  bacterium  

a lo n e .

Eeusser 0̂ has rep o rted  in  v i t r o  s tu d ie s  o f  s tre p to z o to c in  and 

found i t  t o  b ind  p r e f e r e n t ia l ly  w ith  cy to sin e  co n ta in in g  mono­

n u c le o tid e s . He suggests th a t  th e  in te ra c t io n  o f s tre p to z o to c in  

w ith  cy tosine  re s id u es  in  DNA, even though ta k in g  p lace  a t  a  v ery

low frequency, may c o n s ti tu te  th e  prim ary s te p  inducing DNA. s tra n d
28breakage. Kolbye and Legator m ain ta in  th e  p o s s ib i l i ty  th a t

s tre p to z o to c in  a c ts  as an a lk y la tin g  a g en t, most probably  as  a

m erthylating agent through  th e  form ation o f  diazom ethane. R akieten  
k'J

e t . a l . have re p o rte d  on tum origenic p ro p e r t ie s  o f s tre p to z o to c in

and have hypothesized  th a t  carcinogenic  a c tio n  o f t h i s  compound

probably  depends on N -n itrosoalkane end o f th e  m olecule o r th e  in

v ivo  re le a s e  o f  t h i s  group as diazom ethane. R elease o f  diazomethane

22in  v i t r o  has a lread y  been observed by G a rre t.

D espite  c o n f l ic t in g  ev idence, i t  seems p robab le  th a t  c a r­

c inogenesis and m utagenesis by N -n itro so  compounds a re  m ainly 

m ediated by m etabolic p roducts o f  th e se  agen ts b u t th a t  th e  un­

changed m olecules a lso  p lay  a  p a r t ,  cannot be excluded. The n a tu re  

o f b io lo g ic a l ly  a c tiv e  m etabolic p roducts o f  th e  n itro sam ines have 

no t been e s ta b lish e d  b u t much o f th e  a v a ila b le  evidence suggests 

t h a t  th e  form ation o f  an a lk y la tin g  agent may be invo lved . The use 

o f a lk y la te d  po ly n u c leo tid e  tem pla tes  f o r  n u c le ic  a c id  polym erases 

in  v i t r o  may be o f v a lu e  in  e v a lu a tin g  th e  s id e s  o f  n u c le ic  a c id  

a lk y la t io n  th a t  may be im portant f o r  ca rc in o g en esis  o r m utagenesis.
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Nature o f P erm eab ility  B a rr ie rs  in  B acteria

The cytoplasm ic o r  plasm a membranes o f  g ram -positive  and gram-

n eg ativ e  b a c te r ia  shew a  t r i p l e  lay e red  appearance in  cross se c tio n

examined in  th e  e le c tro n  m icroscope. The ty p e  o f  p ro te in s  and l ip id s

found in  th e  membrane a re  c h a r a c te r is t ic  o f  spec ies  and o f s t r a in s  
1 ̂

o f  b a c te r ia .

The f i r s t  in d ic a t io n  o f  a  d i f f e r e n t i a l  i n t r in s ic  re s is ta n c e  t o  

d i f f e r e n t  drugs came p r im a ri ly  from s tu d ie s  w ith  some a n t ib io t ic s  in

60r e la t io n  t o  c e l l  envelope. In  1962, Taubeneck found th a t  e ry th ro ­

mycin and a  h o s t o f o th e r a n t ib io t ic s  were much more a c tiv e  ag a in s t 

L-forms o f Pro teus m ira b il i s  th an  ag a in s t in ta c t  p a re n ts . The 

re p o r ts  o f  Taubeneck^ and Mach and Taturn^ showed th a t  some gram- 

n eg ativ e  b a c te r ia  w ith  absent o r d e fe c tiv e  c e l l  w a lls  had enhanced 

s e n s i t iv i ty  t o  a n t ib io t ic s .  I t  was conceivable th a t  th e  lo s s  o f  o r 

damage t o  th e  pep tidog lycan  la y e r  p e rm itted  th e  p e n e tra tio n  o f  th e  

drugs in to  th e  c e l l s .  The use o f th e  c h e la tin g  ag en t, ethylenediam ine- 

t e t r a a c e ta te  (EDTA) in  s e v e ra l s tu d ie s , has in d ic a te d  f a i r l y  con­

c lu s iv e ly  th a t  i t  i s  th e  lip o p o ly sacch rid e  (LPS) o f th e  o u te r  la y e rs  

o f  th e se  b a c te r ia  th a t  h in d ers  th e  access o f  drugs t o  th e  in s id e  o f 

th e  c e l l .

The IPS la y e r  which i s  norm ally p re sen t on th e  su rface  o f 

Salm onella typhimurium ap p aren tly  a c ts  as a  p a r t i a l  b a r r ie r  t o  th e  

passage o f  mutagens th rough th e  membrane as  shown by marked in c rease  

in  s e n s i t iv i ty  to  mutagens o f LPS d e fe c tiv e  stra ins."*
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Detection of Mutagens in  Tissue Homogenates

Since 1971, s e v e ra l p u b lic a tio n s  have appeared on d e te c tio n  o f 

chem ical mutagens in  mammalian t i s s u e s .  In  g en era l th e se  s tu d ie s  

have been confined  t o  th e  d e te c tio n  o f  m utagenic agents in  l i v e r

homogenates. The need fo r  studying  th e  in flu en ce  o f  mammalian

38t is su e s  on mutagenicity was demonstrated by Mailing; he showed

th a t  dim ethyl n itrosam ine when ap p lie d  t o  b a c te r ia  d i r e c t ly  in

liq u o d  c u ltu re  i s  non-mutagenic b u t when th e  same compound i s  f i r s t

exposed t o  l i v e r  e x t r a c t ,  i t  becomes mutagenic to  b a c te r ia .

F ic so r and M u th ian i^  have in v e s t ig a te d  th e  presence o f

s tre p to z o to c in  in  b lood , t e s t e s  and l i v e r  homogenates o f mice

using S. typhimurium HisC&6 as the te s te r  indicator o f mutagenesis.

In  t h e i r  experim ents, s p e c ia lly  designed m illip o re  d if fu s io n  chambers

co n ta in in g  b a c te r ia  were immersed in  t i s s u e  homogenates o f  t r e a te d

and c o n tro l anim als; in c reased  m utation  freq uencies  over c o n tro l

le v e ls  were noted  in  b a c te r ia  exposed t o  b lood , l i v e r  and t e s t e s

o f  s tre p to z o to c in  t r e a te d  an im als.
21Gam er e t  a l .  have shewn th a t  carcinogen ic  compounds need 

m etabolic  a c t iv a t io n  to  th e  u ltim a te  re a c tiv e  forms t o  a c t as 

carcinogens and have used fo r  t h i s  purpose , l i v e r  microsomal 

p e l l e t  as th e  a c t iv a t in g  agent th u s  s im u la tin g  in  v ivo  conditions 

in  an in  v i t r o  t e s t . They have a lso  shown to x ic i ty  o f  re a c tiv a te d  

a f la to x in  B to  S. typhimurium s t r a in  1530.

A m odified  v e rs io n  o f th e  u se  o f  l i v e r  homogenates and
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b a c te r ia  fo r  th e  evalua tion  o f carcinogens as mutagens, has re c e n tly
2

been described  by Ames and co-workers. The t e s t e r  s t r a in s  used in  

th e se  s tu d ie s  ca rry  d if f e r e n t  m utations in  th e  h is  reg io n  besid es  

having d e le tio n  through uvrB reg ion  and a  deep rough su rface  ( r fa )  

which make th e se  b a c te r ia  permeable to  la r g e r  m olecules; u s in g  t h i s  

system, th e se  au thors have shown th a t  a l l  th e  carcinogens te s te d  

a re  mutagens.

D iffe ren t Types o f Mutagenic Agents and a  
Method fo r  t h e i r  D etection

D iffe ren t mutagenic agents can induce d if f e r e n t  ty p es  o f

19 Sm utations. In  1971, Ames described  a  s e t o f th re e  p a ir s  o f

b a c te r ia l  mutants o f £ . typhimurium th a t  c a r r ie d  base s u b s t i tu t io n ,

base d e le tio n  o r base ad d itio n  m utations and could be used fo r

d e tec tio n  o f base  s u b s ti tu t in g , base adding o r base d e le t in g  agents

re sp e c tiv e ly . In  each p a i r ,  one s t r a in  i s  uvrB and th e  o th e r i s

uvrB b u t b o th  ca rry  th e  same m utation in  th e  h is  operon. Mutagenic

agents produce s p e c if ic  types o f m utations depending on t h e i r

re a c tiv e  groups. T herefore , by using  p o in t ,  fram esh ift o r

d e le tio n  mutants w ith  and w ithout ex c is io n  r e p a ir ,  th e  n a tu re  o f

m utations caused by d if fe re n t  mutagenic agen ts can be determ ined.

Many a lk y la tin g  agents such as e th y l m ethanesulfonate, ICR-191 e tc .

induce a  h ig h er frequency o f m utations in  uvrB** th an  in  uvrB+ s t r a in

carry in g  th e  same h is  m utation . In te re s t in g ly ,  N -m ethyl-N -nitro-

N' -n itro so g u an id in e , S trep tozo toc in  (F ic so r, p e rso n a l communication)
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and m ethyl methane su lfo n a te  (Beyer, p e rso n al communication) induce 

somewhat fewer m utations in  uvrB” th an  in  uvrB+ s t r a in .  The 

s ig n if ic a n c e  o f  t h i s  observation  has not yet been e s ta b lish e d .
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MATERIALS AND METHODS

B a c te r ia l  S tra in s

For determ ining th e  m utagenic a c t i v i ty  o f  s tre p to z o to c in  and

i t s  analo g s, th e  g en e tic  t e s t e r  used was a  h is t id in e  req u irin g

3 4mis sense m utant, S. typhimurium hisG&6 , 5 To determ ine th e  n a tu re  

o f m utations caused by s tre p to z o to c in , i t s  analogs and N-methyl-N- 

n itro so u re a , th re e  p a i r s  o f  S. typhimurium s t r a in s ,  v iz .  172A, 173A; 

174A, 175A; and 176a, 177A; o r ig in a l ly  d esc rib ed  by Ames^ were u sed . 

Each p a i r  c a r r ie s  a  d i f f e r e n t  m utation in  i t s  h is  operon, and one 

o f each p a i r  i s  uvrB and th e  o th e r uvrB (Table I ) . The mutagenic 

a c tio n  o f  s tre p to z o to c in , i t s  analogs and N -m ethyl-N -nitrosourea 

was a lso  s tu d ie d  in  S. typhimurium h is t id in e  m utant s t r a in s ,  213 

and 219 (Table I ) ; o f  which 219 c a r r ie d  an r f a  m utation  which made 

i t s  c e l l  w a ll d e fe c tiv e  and hence more perm eable t o  some chem icals .'5

Chemicals

The names and chem ical s tru c tu re s  o f  th e  compounds te s te d  

fo r  t h e i r  mutagenic a c t i v i ty  a re  given in  F ig . 1 . S trep to zo to c in  

was a  g i f t  o f  th e  Upjohn Co. o f  Kalamazoo, M ichigan. The o th e r 

compounds were sy n th esized  in  th e  la b o ra to ry  o f  Tetsuo Saumi o f 

Keio U n iv e rs ity , Yokohama, Japan . A b r i e f  d e sc r ip tio n  o f chem ical 

sy n th es is  o f  th e se  compounds i s  given in  Appendix I  on page 38 .

The sy n th es is  o f  compounds H  and m 58 and o f  compounds V III  and 

IX57 has a lread y  been p u b lish ed  ; th e  method o f sy n th es is  o f

lit
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TABLE I

Genotype, Nature o f  M utation and R epair S p e c if ic ity  o f th e  
T es te r Salm onella typhimurium S tra in s

S tra in  
code Ho.

M utation(s)
c a r r ie d

Nature o f M utation !fype o f m utation d e tec ted  
by th e  s t r a in

172A hisC-h6 base s u b s t i tu t io n base s u b s t i tu t io n

173A h isG 46 ,gal-
b io-uvrB
d e le tio n 3

tt ft II ft tt tt

17^A hisC207 one o r two bases 
d e le ted

a d d itio n  o f  one o r two 
bases

175A hisC207, g a l-
bio-uvrB
d e le tio n 3

ft IT ft tt ft ft

176a hisC3076 one base added d e le tio n  o f one base

177A hisC3076,g a l-
bio-uvrB
d e le t io n 3

It tt ft tt ft tt

213 hisG46,uvrB 
d e le t io n

base s u b s t i tu t io n base s u b s t i tu t io n

219 hisGh6 ,uvrB 
d e le t io n ,r f a  
m utation^

tt tt tt IT ft ft

uvrB s t r a in s  f a i l  t o  ex c ise  T-dimers and c e r ta in  ty p es  o f  a lk y la t io n s .
The g a l  and b io  m utations have no t been u t i l i z e d  in  t h i s  s tudy .

^ r f a  m utations e lim in a te  to  d if f e r e n t  e x te n ts ,  th e  po lysacch ride  s id e  chain  
o f th e  LPS th a t  coats  th e  b a c te r ia l  su r fa c e , making th e  b a c te r ia  more 
perm eable and com pletely non-pathogenic .5
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Figure 1

Id e n t i ty  o f  th e  compounds used:

I  S trep to zo to c in ;

I I  Methyl N-carbamyl-N' -m ethyl-N ' -nitroso-j3-D -glucosam inide;

I I I  Methyl N-carbamyl-N' -m ethyl-N ' -nitroso-cc-D -glucosam inide;

IV n-P ropyl N-carbamyl-N' -methyl-N' -n itroso-p-D -glucosam inide;

V --B u ty l N-carbamyl-N' -m ethyl-N ' -n i t ro s o -  fi-D-glucosaminide;

VI E thy l N-carbam yl-N '-m ethyl-N '-nitroso-oc-D -glucosam inide;

V II n-B uty l N -carbam yl-N '-m ethyl-N '-nitroso-co-D -glucosam inide;

V III  N-Carbamyl-N' -methyl-N’ -n itro so -scy llo -in o sam in e ;

IX N-Carbamyl-N' -methyl-N' -n itro so -ep i- in o sa m in e -2 ;

MNU N -m ethyl-N -nitrosourea
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compounds IV, V, VI and VH has not been re p o rte d . A ll o f  th ese  

analogs a re  due to  anomerism o r ad d itio n  o f  a lk y l groups of 

d if f e r e n t  s iz e s  a t  C -l o f th e  carbohydrate m oiety o f  s tre p to z o to c in  

and a l l  co n ta in  N-met hyl-N -m itrosourea a tta ch ed  e i th e r  t o  glucose 

(l-V H ) t o  t o  in o s i to l  (V U I, IX) a t  C-2 p o s i t io n .

Media

D iffe re n t ty p es  o f media used in  th e se  s tu d ie s  a re  g iven in  

Appendix H  on page 39 .

Comparison o f  Mutagenic A c tiv ity

a) L iquid  c u ltu re  tre a tm en ts  in  v i t r o

The t e s t e r  s t r a in  1?2A was grown overn ight a t  37°C in  w ater 

b a th  w ith  constan t shaking. The b a c te r ia  were c en tr ifu g e d  and 

resuspended in  equal volume o f  f re sh  n u tr ie n t  b ro th  and d iv ided  

in to  k .9  ml a l iq u o ts .  Each t e s t  a liq u o t was t r e a te d  w ith  0 .1  ml o f  

a  con cen tra tio n  o f  one o f th e  t e s t  compounds ( I  -  IX ). To c o n tro l 

a l iq u o ts ,  0 .1  ml s t e r i l e  d i s t i l l e d  w ater was added. A ll b a c te r ia l  

samples were incubated  fo r  th re e  hours a t  37°C w ith  constan t 

shaking; th e n  washed th r i c e  w ith  minimal s a l t  so lu tio n  (MSS) and 

resuspended t o  o r ig in a l  volume in  th e  same s o lu tio n . Suspensions 

o f  t r e a te d  and c o n tro l c e l l s  were s e r i a l l y  d i lu te d  from 10’ ^ to
_g a p O

10 . The f i r s t  th re e  d ilu t io n s  i . e .  10“ , 10“ and 10 were

p la te d  on h is t id in e  enrichment p la te s  (HIM). The purpose o f th e  

sm all amount o f  h is t id in e  in  h is t id in e  enrichment p la te s  i s  t o  allow
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a few rounds o f c e l l  r e p l ic a t io n  fo r  expression  o f  rev e rs io n  b u t not

enough to  support th e  growth c f  n o n -rev e rtan t auxctrophs. The l a s t
—*7 —R

two d ilu tio n s  i . e .  10 and 10 were p la te d  on n u tr ie n t  ag ar 

p la te s  to  determ ine v ia b le  count. In  each case 0 .1  ml o f b a c te r ia l  

suspension was spread  on a  p e t r i  d is h . ALL p la te s  were incubated  

a t  37°C. V iable counts on n u tr ie n t  agar p la te s  were made a f t e r  2k 

h o u rs . H is tid in e  independent re v e r t  an ts  were counted on HEM p la te s  

a f t e r  k8 h o u rs . Induced m utation  frequency (IMP) was c a lc u la te d  by 

th e  follow ing formula:

IMF = No. o f re v e r t  an ts  on t r e a te d  p la te  
T o ta l number o f  v ia b le  c e l l s  p la te d

No. o f  spontaneous re v e r ta n ts  in  corresponding
________________co n tro l p la te ___________________
T otal number o f  v ia b le  c e l l s  p la te d

b) B a c te r ia l assay o f t i s s u e  homogenates

Mutagenic a c t i v i ty  o f  compounds I ,  I I  and V was examined in  

mouse l i v e r  and te s t e s  homogenates by th e  m ic ro b ia l mutagen assay  

o f  F icso r and M u th ian i^  using  th re e  hour in cu b atio n  p e rio d . The

con cen tra tio n  o f  b a c te r ia  recovered  from c o n tro l chambers ranged
9 9 15from 2 x 10 to  3 x 10 c e l l s  p e r  m l. F ic so r and M uthiani have

used b a c te r ia l  d if fu s io n  chambers made w ith  25p th ic k  m illip o re

f i l t e r s .  In  th e se  s tu d ie s > s tu r d ie r  re in fo rc e d  100p. th ic k  f i l t e r s

were u sed . I t  was n o ted , however, th a t  th e  u se  o f  th ic k e r  f i l t e r s

low ered th e  frequency o f re v e r t  an ts  compared to  th e  p rev ious s tu d y .

T herefo re , th e  use o f 25p no n -re in fo rced  f i l t e r  i s  recommended fo r

in c reased  s e n s i t iv i ty  o f  t h i s  method. A fte r th e  b a c te r ia  con tained
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in  th e  chambers had been exposed to  l i v e r  o r t e s t e s  homogenates 

from t r e a te d  o r c o n tro l an im als, th e se  were washed, d i lu te d  and 

p la te d  as  d esc rib ed  e a r l i e r  in  ( a ) . Induced m utation freq u en cies  

were c a lc u la te d .

D eterm inations o f th e  Nature o f M utations

Using th re e  p a i r s  o f t e s t e r  s t r a in s  (127A to  177A, Table I ) ,  

N -m ethyl-N -nitrosourea and compounds I  and H  (F ig . l )  were te s t e d  

t o  determ ine th e  n a tu re  o f m u ta tions. Experiments were run  u sing  a  

d if f e r e n t  p a i r  o f  t e s t e r  s t r a in s  each tim e . Every experiment was 

rep ea ted  once. For each experim ent, a  uvrB+ and a  uvrB s t r a in  o f  a  

p a i r  were incubated  overn igh t se p a ra te ly  in  20 ml n u tr ie n t  b ro th  

(D ifco) a t  37°C on a  shaker w a te r-b a th . Next morning, th e  c e l ls  

were h a rv ested  by c e n tr ifu g a tio n  and th e  c e l l  p e l le t  o f  each s t r a in  

was resuspended in  20 ml f r e s h  n u tr ie n t b ro th ; t h i s  was d iv ided  in to  

4 .9  ml a l iq u o ts  in  fo u r  c en tr ifu g e  tu b e s . 0 .1  ml s t e r i l e  d i s t i l l e d  

w a te r was added t o  Tube 1 and i t  was desig n a ted  as c o n tro l . To 

tu b es  2 , 3 and 0 .1  ml o f  so lu tio n s  o f  s tre p to z o to c in , £5-m ethyl- 

s tre p to z o to c in  and N -m ethyl-N -nitrosourea were added 're sp e c tiv e ly  

f o r  a  f i n a l  co n cen tra tio n  o f  0 .01  pmoles p e r m l. AH tu b es  were 

incubated  f o r  one hour a t  37°C in. a  shaker w a te r-b a th . The c e l l s  

were th e n  washed tw ice  in  co ld  b io t in  supplemented h i s t id in e  enriched  

minimal s a l t  s o lu tio n  (BSHEMSS) and f in a l ly  resuspended to  o r ig in a l  

v o lume in  th e  same s o lu tio n . Each c e l l  suspension was s e r i a l l y  

d i lu te d  in  b io t in  supplem ented minimal s a l t  so lu tio n  (BSMSS); i t  was
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p la te d  and observations were recorded as described  fo r  ' L iquid 

c u ltu re  tre a tm en ts  in  v i t r o ' . M utation frequencies were ca lc u la te d  

as fo llow s:

MF = No. o f  re v e r t  a n ts  in  t r e a te d  p la te  
T o ta l number o f  v ia b le  c e l l s  p la te d

S u s c e p tib i l i ty  Experiments

The two t e s t e r  s t r a in s  used  in  th e se  experim ents were 213 and 

219 (Table I ) . Both o f th e se  s t r a in s  a re  hisC&6 mutants and c a rry  

a  d e le t io n  in  b io t in  and uvrB genes; s t r a in  219» in  a d d itio n , c a r r ie s  

sur f  a  m utation  which e lim in a te s  to  a  c e r ta in  ex ten t th e  po lysacch ride  

s id e  chain  o f  th e  lip o p o ly sacch rid e  th a t  co ats  th e  b a c te r ia l  su rfa c e , 

mak ing th e  b a c te r ia  more permeable to  many nutagenic compounds."*

The two s t r a in s  were grown overnight in  n u tr ie n t  b ro th  and were 

subsequently  t r e a te d  in  th e  manner d escribed  e a r l i e r  in  'L iqu id  

c u ltu re  tre a tm en ts  in  v i r t o ' b u t u s in g  a one hour incubation  a f t e r  

a d d itio n  o f  mutagenic compounds. In  th e se  experim ents, s tre p to z o to c in  

was used a t  0 .01  punoles p e r  ml; ff-m ethyl-N -nitrosourea, conpounds 

H ,  V and V IU  (See H g . l )  were used a t  0 .1  nmoles p e r  m l.

M utation freq u en cies  were subsequently  c a lc u la te d .

Spectrophotom etric Measurements o f N itroso  Group

A ll m utagenic compounds te s t e d  in  t h i s  in v e s t ig a tio n  share in
17

common th e  n i t ro s o  group. Using F o r i s t 's  method, th e  disappearance 

o f  t h i s  n i t ro s o  group from so lu tio n  in  presence o f b a c te r ia  was
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measured sp ec tro p h o to m etrica lly . Compounds I ,  H ,  V, VI and VTTT

a t  a  t e s t  concen tra tion  o f 0.05  nmoles in  0.85$ s a lin e  were in -
g

cubated w ith  5 x 10 b a c te r ia  fo r  30 m inutes a t  37°C. Sim ultaneously, 

f iv e  "Control" concen tra tions o f each compound v i s .  0 .01 , 0 .025 ,

0.05  , 0 .07 and 0 .1  pmoles p e r  ml were s im ila r ly  incubated  w ithout 

b a c te r ia .  Higher and low er "Control" co n cen tra tions helped to  read  

accu ra te ly  th e  decrease o f n itro so  group in  th e  "Test" co n cen tra tio n . 

The pH o f th e  incubation  so lu tio n s  was 6 .2  a t  th e  beginning and 6 .3  

a t  th e  end o f  incubation  p e rio d . Following in cu b atio n , th e  so lu tio n s  

were b u ffe red  w ith  0 .2  ml o f pH if.O a c e ta te  b u ffe r  p e r  ml so lu tio n . 

The b a c te r ia  were d iscarded  by c e n tr ifu g a tio n  and to  each ml o f 

"Test" o r "Control" su p ern a tan t, 3 ml o f  F o r is t ’s co lour reagent 

and one ml o f  6n HC1 were added. The re a c tio n  m ixtures were in ­

cubated a t  60°C fo r  1*5 m inutes fo r  co lour development. Absoibance 

was read  a t  550 mu on a  Coleman double beam H itach i Model 12b 

spectrophotom eter. C oncentrations were ca lc u la te d  from e x tin c tio n  

c o e f f ic ie n t .
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BESUITS

Surv ival

S trep to zo to c in  i s  a  broad spectrum  a n t ib io t ic  and k i l l s  both  

Gram p o s i t iv e  and Gram negative  b a c te r ia .  While studying  mutagenic 

a c t i v i ty  o f  s tre p to z o to c in  and i t s  analogs in  th e  p re sen t inves­

t ig a t io n s ,  i t  was considered im portant to  make observations on 

b a c te r ia l  su rv iv a l. Table I I  shows th a t  only s tre p to z o to c in  k i l l e d  

c e l l s  a t  th e  t e s t  co n cen tra tio n s . At 0.005 pmoles p e r  m l, th e  

su rv iv a l was a t  0 .01  pmoles p e r m l, 7$ and a t  0.05  nmoles p e r

m l, only 0 .5 $ .

Mutagenicity

a) l iq u id  c u ltu re  trea tm en ts  in  v i t r o

An in te r e s t in g  re la t io n s h ip  o f s tru c tu re  and m utagenicity  

emerged during th e  course o f  t h i s  work. The presence o f a  £3-OH 

(compound I)  on C -l o f  th e  g lucose m oiety o f s tre p to z o to c in  i s  

e s s e n t ia l  fo r  a  h igh degree o f m utagen icity ; replacem ent o f  p-0H(l) 

by £-001^(11) r e s u l ts  in  about 10 to  100 fo ld  decrease in  mutagenic 

a c t i v i ty  over th e  concen tra tions te s t e d .  Analogs o f s tre p to z o to c in  

con ta in ing  la r g e r  s id e  groups such as  ^ - O ( d ^ ) ( I V ,  P ig . 2a) o r

^ - 0 (V, P ig . 2b) show ano ther 10 fo ld  decrease in  m utagen icity

compared w ith  ^-OCH^ a n a lo g ( n ) .  I t  i s  a lso  apparent from P ig . 2a 

and 2b th a t  th e  b a c te r ia  f a i l  on th e  b a s is  o f  m utagen icity  to

23
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TABLE I I

S urv ival o f  B ac te ria  Following Treatment* w ith  S trep to zo to c in , 
S trep to zo to c in  Analogs and N -m ethyl-N -nitrosourea

Compounds te s te d   Percent su rv iv a l
co n cen tra tio n s  o f  compounds t e s t e d  (jjmoles/ml)

 0  0.005 0 .01  0.05 0 .1

None 100 -  -

S trep to zo to c in  (SZN) -  k6 7 0 .5

£ -m ethyl SZN 100 70 70

oC-methyl SZN 100 80

cC -ethyl SZN 100 100

£ -p ropy l SZN -  -  -  100 100

g -b u ty l SZN -  -  -  100 100

N -m ethyl-N -nitroso- -  -  100 -  100
u rea  (MNU)

MNU-scyllionosamine -  100 100

MNU-epi-inosamine-2 -  100 100

* T reated  fo r  th re e  hours a t  37 C as  described  in  M ate ria ls  and Methods.
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2 6 .

d is tin g u is h  between analogs b earin g  la r g e r  s id e  groups such th a t  

compound IV has s im ila r  mutagenic a c t i v i ty  as i t s  h eav ie r analog , 

compound V.

The ^-OCHj a n a lo g ( ll)  i s  about 10 fo ld  more mutagenic than  th e  

oC-OCĤ  a n a lo g ( i l l ,  F ig . 2 a ) . The h ig h er mutagenic a c t i v i ty  of 

versus cC-isomer which i s  ev iden t fo r  th e  -OCH  ̂ group, does not hold  

fo r  la rg e r  a lk y l  groups s in ce  a l l  la rg e r  a lk y l group analogs reg ard ­

le s s  o f  t h e i r  a lk y l  group being  in  « o r  £ p o s i t io n ,  a re  a l l  poo rly  

mutagenic (IV , V, V I, V II: F ig . 2a , 2 b ).

Replacement o f g lucose w ith  in o s i to l  in  th e  s trep to zo to c in  

m olecule (V ll i  and IX, F ig . l )  i s  acconpanied w ith  se v e ra l thousand 

fo ld  decrease in  i t s  mutagenic a c t i v i ty  (F ig . 2 c ) . There i s ,  

however, no s ig n if ic a n t  d iffe ren c e  between th e  mutagenic a c t iv i ty  of 

eC-OH and ^-OH in o s i to l  analogs o f s tre p to z o to c in  (V III , IX F ig . 2 c ) .

b) B a c te r ia l  assay  o f t i s s u e  homogenates

S tre p to z o to c in ( l)  was n e a rly  f iv e  hundred tim es more mutagenic 

th an  compound I I  (Table I I I ) .  This d iffe re n c e  i s  about 5 to  50 tim es 

g re a te r  th an  th e  d iffe ren c e  in  mutagenic a c t i v i ty  observed fo r 

compounds I  and I I  in  l iq u id  c u ltu re  tre a tm e n ts . Compound V has not 

shown m utagenicity  in  t h i s  assay .

D eterm inations o f th e  Nature o f M utations

S trep to zo to c in ( I )  and p-m ethyl s tre p to z o to c in (H )  induced many 

m utations in  th e  s t r a in s  th a t  re v e r t  by base s u b s t i tu t io n  (Table IV);
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TABLE I I I

Frequency o f H is tid in e  Independent R evertants Following a Three Hour Exposure 
o f  Auxotrophs to  T issue Homogenates from T reated  and Control Animals

H is tid in e  independent 
re v e rta n ts  induced 
p e r lC r surv ivors 
p la te d

S trep to zo to c in  ( i ) L iver k ,160
(SZN)

Testes ^,730

^-m ethy l SZN ( l l ) L iver 9

Testes 10

£ -b u ty l SZN (V) L iver 0

Testes 0

Control L iver 0

Testes 0

a C oncentration o f each compound te s t e d ,  0 .1  pmoles/gm. anim al.

aTreatment Source o f homogenate
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2 8 .

TABLE IV

M utation S p e c if ic ity  o f  S trep to zo to c in  (SZN), p-m ethyl SZN 
and N -m ethyl-N-nit rosourea3.

S tra in 0 Type o f  m utation H is tid in e  independent re v e rta n ts /lO ^  c e l l s  
re v e rte d   —  ̂ -m ethyl SZN MNUControl SZN

172A

173A

Base s u b s t i tu t io n  6

Base s u b s t i tu t io n  20

8,9^0

5,369

225

85

6

30

17^A

175A

Base d e le tio n  

Base d e le tio n

2

1

12
15

k

1

1

1

176A

177A

Base ad d itio n  

Base ad d itio n

1

1

13

20

k

1

2

1

a A ll tre a tm en ts  were 0 .01  nmoles/ml fo r  one hour in  n u tr ie n t  b ro th

15 Numbers u n d erlin ed  a re  considered to  be d i f f e r e n t  in  m utagen icity  from 
u n tre a te d  c o n tro ls .

C -f- tm
Even numbered s t r a in s  a re  uvrB and odd numbered s t r a in s  a re  uvrB .
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29.

a s l ig h t  decrease in  th e  number o f  re v e r ta n ts  was observed w ith  th e  

b a c te r ia l  s t r a in  th a t  lack s  th e  ex cis io n  r e p a i r .  S trep to zo to c in  and 

i t s  analogs appear to  cause m utations through b a se -p a ir  s u b s ti tu tio n s  

s in ce  th ey  f a i le d  to  re v e r t  s t r a in s  th a t  re v e r t  by base d e le tio n  o r 

a d d itio n . N -m ethyl-N -nitrosourea, a  s tro n g  carcinogen , d id  not 

prove t o  be mutagenic a t  th e  co n cen tra tio n  a t  which s tre p to z o to c in  

and £-m ethyl s tre p to z o to c in  were s tro n g ly  m utagenic.

S u s c e p tib il i ty  Experiments

The deep rough, r f a  mutant s t r a in  o f  S. typhimurium (S tra in  

219, Table 1) has d e fe c tiv e  LPS; t h i s  re s u l te d  in  in c reased  mutagenic 

a c t i v i ty  o f  s tre p to z o to c in  and N -m ethyl-N -nitrosourea in  th i s  s t r a in  

bu t ^-m ethyl s tre p to z o to c in  and p -b u ty l s tre p to z o to c in  ex h ib ited  a  

decreased m utagenicity  (Table V ). In  th e se  experim ents, N-methyl- 

N -n itro sou rea  was used a t  te n  tim es h ig h er con cen tra tio n  th an  in  

o th e r m utagenicity  experim ents rep o rted  e a r l i e r  (Table IV).

Spectrophotom etric Measurements o f N itro so  Group

When th e  con cen tra tio n  o f  m itroso  groups rem aining in  so lu tio n  

in  presence o f b a c te r ia  was measured sp ec tro p h o to m etrica lly , i t  was 

observed th a t  n itro so  group of s tre p to zo to c in  was d ep le ted  two tim es 

as ra p id ly  as  th a t  o f  compounds I I  and V and th re e  tim es as ra p id ly  

as t h a t  o f compounds VI and V III  (Table V I) .
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30.

TABLE V

Frequency o f  H istid ine-Independen t Revert a n ts  Following Treatment w ith  
S trep to zo to c in , i t s  Analogs and N -m ethyl-N -nitrosourea in  S tra in s  o f

S. typhjjnurium w ith  Normal and D efective C ell W alls

Compound Dose
pmoles/ml

8 aNumber o f re v e r ta n ts  p e r  10 c e l l s  
s t r a in  213 s t r a in  219

(normal c e l l  w a ll) ( r f a  c e l l  w all)

No compound 
( Control)

. S trep to zo to c in  0 .01
(SZN)

£ -m ethyl SZN 0 .1

p -b u ty l SZN 0 .1

N-methyl-N- 0 .1
n itro so u re a  (MNU)

MNU-sc/Ilo- 0 .1
inosamine

k

2,868

1,696

26

23

7,720*

1,422

3

. 99

Numbers u n d e rlin ed  a re  considered  t o  be d i f f e r e n t  from c o n tro l.

Number considered  to  be d if f e r e n t  from normal c e l l  w a ll s t r a in .
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TABLE V I

B a c te r ia l D epletion o f 0.05 pmoles/ml S trep to zo to c in  and i t s  
Analogs from 0.85% S aline  in  H alf Hour a t  37°C

Compound te s t e d Percent d ep le tio n  o f Compound

Streptozotocin (SZN,I) 

^-methyl SZN (H )  

p-butyl SZN (V)

MNU- Scyllo-inosamine (VIII) 

<C-ethyl SZN (VI)

Control (No bacteria)*

8k 

k2 

UO 

30 

2 6 

0

* Each compound te s t e d  was sim ultaneously  run as c o n tro l  w ithou t b a c te r ia  
and i t s  absorbance a t  500 mu was tak en  as 100% presence o r '0 ' d e p le tio n .
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DISCUSSION

S trep to zo to c in  i s  a  2-deoxy-D-glucose d e riv a tiv e  o f N-methyl-
2kN -nitrosourea; th e  l a t t e r  confound, i s  s tro n g ly  carcinogenic and

weakly mutagenic According t o  th e  conclusions o f  Kolbye and

28 1*8 L egator and th o se  o f  Rakieten e t  a l . , th e  mutagenic and carcino­

genic  a c t i v i t i e s  o f s tre p to zo to c in  are  both  a sso c ia te d  w ith  N-methyl-

N -n itrosourea  end o f th e  m olecule. Because o f  th e  observations o f 
22G arret in d ic a tin g  in  v i t r o  re le a se  o f  diazomethane > Kolbye and

28Legator hypothesized th a t  both  th e  carcinogenic  and mutagenic 

p ro p e r tie s  o f s tre p to zo to c in  a re  expressed through m ethylations v ia  

diazomethane form ation; th ey  fu r th e r  p re d ic te d  a s im ila r  mode o f 

a c tio n  fo r  N -m ethyl-N -nitrosourea. Rozenkranz and C a r r ,^  however, 

re p o rte d  d iffe ren c es  in  th e  a c tio n  o f N -m ethyl-N -nitrosourea and 

s tre p to z o to c in . They showed th a t  b a c te r ia  r e s i s ta n t  to  s trep to zo ­

to c in  a re  s e n s it iv e  to  a l l  o f th e  b io lo g ic a l  e f fe c ts  o f  N-methyl-N- 

n itro so u re a  i . e .  d e v i ta l iz a t io n ,  in h ib i t io n  o f  c e l lu la r  metabolism 

and degradation., o f c e l lu la r  DNA. They a lso  showed th a t  in  b a c te r ia  

as  w e ll as  in  manmalian c e l l s ,  s tre p to z o to c in  i s  p r im a rily  an 

in h ib i to r  o f DNA sy n th es is  w hile N -m ethyl-N -nitrosourea a lso  in h ib i ts  

SNA and p ro te in  sy n th e s is . R eu sser 's  w o r k p r e v i o u s l y  c i te d ,  

in d ic a te d  cy tosine  b ind ing  o f  s tre p to z o to c in  in  c e l lu la r  DNA and thus 

co rrab o ra ted  fin d in g s  o f Rozenkranz e t  a l .

The a p r io r i  fozm ation o f diazomethane fo r  a lk y la tio n s  by N- 

m ethy l-N -n itrosourea , however, i s  c o n trad ic ted  by recen t work o f

32
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3 1Lawley and Shah. Working w ith  two la b e l le d  N -m ethyl-N -nitrosourea

p rep a ra tio n s  i . e .  C^R. and , th e se  au thors showed th a t  th e  r a t io  

3 /l^o f H/ C in  DM products was th e  same and equal to  th a t  in  th e

o r ig in a l  re a g e n ts . This i s  in  accord  w ith  th e  concept th a t  methyl

evident th a t  i f  diazomethane was gen era ted , ex ten t o f  m ethylations 

measured by la b e l le d  p re p a ra tio n  would be tw o -th ird s  o f th e

th e  re a c tio n . I t  i s  q u ite  l ik e ly  th a t  DM a lk y la tio n s  a re  caused 

by N -m ethyl-N -nitrosourea (MNU) and s tre p to z o to c in  in  a  s im ila r  

manne r  i . e .  d ire c t  m ethylations v ia  th e  n itro so -a lk a n e  end o f th e  

m olecule.

In  th e  p re sen t study , s tre p to z o to c in  and e ig h t o f  i t s  analogs 

have been te s te d  fo r  t h e i r  mutagenic a c t i v i ty .  None o f th e se  analogs 

ca rry  any changes a t  th e  n itro so -a lk an e  end o f th e  m olecule. Thus 

any d iffe ren c es  in  mutagenic a c tio n  among th e se  analogs cannot be 

a t t r ib u te d  to  th e  unchanged MNU p a r t  but must e i th e r  be a sso c ia ted  

w ith  th e  v a r ia t io n s  in  th e  carbohydrate m oiety alone o r to  an over­

a l l  c o n fig u ra tio n a l change in  m olecular s tru c tu re  th u s  h indering  

b io lo g ic a l  r e a c t iv i ty  o f  th e  n itro so -a lk a n e  end.

On th e  b a s is  o f  t h e i r  mutagenic a c t i v i ty  th e se  analogs f a l l  

in to  fo u r groups, each being  d if f e r e n t  from th e  o th e r by about one 

o rder o f  magnitude in  m utation frequency. The f i r s t  o r th e  most 

m utagenic group i s  rep resen ted  by th e  p a ren t compound, s t r e p to ­

zo to c in  ( I ,  P ig . 1 ) ;  th e  next group i s  ag a in  rep resen ted  by a  s in g le

group i s  t ra n s fe r re d  in ta c t  and not v ia  diazomethane ( C ^N ^). I t  i s

l 1* 3.ex ten t measured by C la b e l  as H i s  l ik e ly  to  be lo s t  as H during
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confound, I I ,  which d i f f e r s  frcrn s tre p to z o to c in  in  having a  (5-methyl 

group in s te a d  o f  a  ^-hydroxyl group a t  C -l o f  g lucose m oiety . The 

th i r d  le v e l  o f  m utagenicity  i s  expressed by a  number o f d if f e r e n t  

compounds th a t  d i f f e r  from s tre p to z o to c in  by having e i th e r  an 

oC-methyl group (compound I H )  o r h eav ier a lk y l  groups in  cC o r ^ 

p o s itio n s  (compounds IV, V, VI and V H ). I t  may be noted th a t  w ith  

a lk y l  groups la rg e r  th a n  -OCH^j th e  e f fe c t  o f  cC o r §  isomerism 

observed fo r  th e  methoxyl group cannot be d i f f e r e n t ia te d  on th e  

b a s is  o f  m utagen icity . In  th e  fo u rth  and th e  l e a s t  mutagenic 

group a re  th e  two analogs ( compounds V III  and IX) in  which th e  

glucose m oiety o f  s tre p to zo to c in  has been rep laced  by d eo x y in o sito l.

In  t h i s  case , th e  s im ila r i ty  o f  conpound V III  t o  s tre p to z o to c in

i . e .  bo th  have a (J-OH a t  C -l o f th e  carbohydrate m oiety, does not 

make i t  a  more e f fe c tiv e  mutagen than  i t s  oC-OH isomer ( compound IX ). 

From th e se  o b serv a tio n s , i t  i s  concluded th a t  s t r u c tu r a l  m od ifica tions 

o f  th e  glucose moiety o f  s tre p to zo to c in  o r i t s  replacem ent by 

in o s i to l  reduces th e  e ffe c tiv en e ss  o f s tre p to z o to c in  as a  mutagen.

The q u estio n  may th en  be asked w hether th e  observed d iffe ren c es  

in  m utagenic a c t iv i ty  a re  due to  d i f f e r e n t i a l  u p tak e , to  d iffe ren c es  

in  r e a c t iv i ty  o r  b o th . Spectrophotom etric de term ina tions show th a t  

th e  n i tro s o  group o f th e  more mutagenic compounds i s  d ep le ted  more 

ra p id ly  from trea tm en t medium in  presence o f  b a c te r ia .  J .  Wiley 

(The Upjohn Co., Kalamazoo, p e rso n a l communication) has in d ic a ted  

th a t  a t  pH range 6 and above, th e  MU m oiety o f  s tre p to z o to c in
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CHjOH h
may give r i s e  to  c y c lic  compounds of th e  ty p e  & \ e

HH-C°

re le a s in g  h ig h ly  u n s tab le  compound CH^.NH.NO. This u n s tab le  

compound i . e .  CH .̂NH-KO* i s  converted  in to  CH .̂N-.N.OH which in
+ 4*

tu r n  may form d if f e r e n t  ty p e s  o f  ions i . e .  CH^Ng, AH th e se

u n s tab le  forms in  a l l  p ro b a b i l i ty  a re  no t measured as n i tro s o  group. 

Any spectrophotom etric  measurements o f  a  n i tro s o  group most l i k e ly  

re p re se n t th e  whole compound. I t  may a lso  be ap p rec ia ted  th a t  any 

o f  th e se  h ig h ly  re a c t iv e  io n s  formed in  so lu tio n  would have re a c te d  

w ith  o th e r  m olecules o u ts id e  th e  c e l l  b e fo re  reach ing  s i t e s  on DNA 

to  cause a lk y la t io n s ♦

Experiments on s u s c e p t ib i l i ty  o f  d e fe c tiv e  c e l l  w a ll mutant 

( r f a )  show in c reased  m u tagen icity  fo r  s tre p to z o to c in  and N-methyl- 

N-nitrosourea(MNU), a  s l ig h t  decrease  fo r  p-m ethyl s tre p to z o to c in  

and p -b u ty l s tre p to z o to c in  w hile  MNU-scyllo-inosamine (V III) was 

not m utagenic. The form ation  o f a  c y c lic  compound in  so lu tio n  as 

d iscu ssed  above may be an im portant p re re q u is i te  to  th e  breakdown 

o f MNU s id e  chain  in  compounds having a  carbohydrate m oiety 

a tta ch e d  to  MNU. This could r e s u l t  in  d i f f e r e n t  ty p es  o f  behaviours 

in  s o lu tio n  f o r  s tre p to z o to c in  and i t s  analogs depending on th e  

p o s i t io n  and re s u l t in g  r e a c t iv i ty  o f  a lk y l  group on th e  anomeric 

carbon o f  th e  carbohydrate m oiety . A lso, r f a  m utants la c k  th e  LPS 

coat p a r t i a l l y  o r  com pletely and would have le s s  a f f i n i t y  fo r  

l ip o p h i l i c  m olecules compared t o  a  normal c e l l  w a ll s t r a i n; th e re ­

fo re ,  £ -m ethyl s tre p to z o to c in  and £ -b u ty l s tre p to z o to c in  would be
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expected to  show le s s  m utagenicity  th an  s tre p to z o to c in 3 Table V. 

N -m ethyl-N -nitrosourea r e f le c t s  a p a t te rn  o f m utagenic a c t iv i ty  

s im ila r  to  s tre p to z o to c in  b u t i s  a  poor mutagen which r e f le c t s  a 

ro le  o f glucose m oiety in  enhancing th e  mutagenic a c tio n  o f 

s tre p to z o to c in .

One might a lso  expect th a t  i f  th e  b a r r ie r  between mutagens and 

DNA. i s  a l te r e d ,  th e  d iffe re n c e  in  m utagen icity  o f r e la te d  compounds 

w i n  change. Thi s  i s  indeed th e  case . When th e  m utagen icity  o f 

conpounds I  and I I  was compared by l iq u id  c u ltu re  trea tm en t and by 

t i s s u e  m ediated m ic ro b ia l assay , th e  d iffe ren c e  in  mutagenic 

a c t i v i ty  changed from 10-100 fo ld  t o  n e a rly  500 fo ld ,  F ig . 2a and 

Table I I I .

D if f e re n t ia l  d e p le tio n  alone cannot account fo r  th e  

q u a n ti ta t iv e  d iffe ren c es  found in  mutagenic a c t i v i ty  among th e se  

compounds. For example, in  th e  d ep le tio n  experim ents, s tre p to z o to c in  

i s  d ep le ted  only tw ice  as f a s t  as p-m ethyl s tre p to z o to c in , y e t in  

th e  in  v i t r o  m utagenicity  experim ents, SZN i s  about 10-100 tim es 

more m utagenic. The la d s  o f  d ire c t  p a r a l l e l  between d ep le tio n  and 

m utagen icity  i s  even more s t r ik in g  i f  s tre p to z o to c in  i s  conpared 

w ith  conpounds V, VI and V II I ,  F ig . 2 a , 2b and Table I I I .  In  t h i s
3

case , s tre p to z o to c in  i s  10 tim es more m utagenic th a n  any o f th e  

o th e r conpounds, y e t i t  i s  d ep le ted  only about th re e  tim es f a s t e r  

th a n  th e  o th e rs . I f  d i f f e r e n t i a l  d e p le tio n  alone cannot account fo r  

th e  noted  d iffe ren c es  in  m utagenicity  th e n  th e re  must a lso  be 

in t r a c e l lu la r  d isc r im in a tio n  ag a in s t some conpounds and t h i s  could
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be m e tab o lic , lad e  o f  tra n s p o r t  o r poor mutagenic in te ra c t io n  

w ith  DM.
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APPENDIX I

Tetsuo Suami and Tomoya Ifechinami have re p o rte d  on p rep a ra tio n

o f  s tre p to zo to c in  an a lo g s-in  which th e  pyranose r in g  o f th e

57glucose m oiety has been rep laced  by a cyclohexane r in g . These 

compounds a re  th e  N-carbamyl-N'-methyl-N' -n i t ro s o  d e riv a tiv e s  o f  

scy llo -inosam ine , ep-inosam ine-2 and nyo-inosam ine-1.
C O

In  a  subsequent p ap er, th e  same au th o rs  have rep o rted  on 

p re p a ra tio n  o f methyl g lycosides o f  s tre p to z o to c in  by a two s tep  

re a c tio n . Methyl ft-D-glucosaminide hydroch loride was p repared  by
k2th e  method o f  Neuberger and R ivers and th e n  i t  was t r e a te d  w ith  

m ethyl iso cynate  in  th e  presence o f  s i lv e r  carbonate to  g ive 

methyl-N-carbamyl-N' -methyl-ft-D-glucosami ni de; n i t ro s a t io n  o f t h i s  

conpound c a r r ie d  out w ith  sodium n i t r i t e  in  aqueous a c e tic  a c id  

gave methyl N-carbanyl-N ' -methyl-N' -nitroso-fS-D-glucosam inide ♦ 

S im ila rly  s ta r t in g  from m ethyl N- carbobenzoxy-wc-D-glucosaminide, 

m ethyl N-carbamyl-N’ -methyl-N' -nitroso-oc-D-glucosam inide was 

o b ta ined . P u r ity  o f  th e se  conpounds was based on t h e i r  m elting  

p o in t determ ined on a  Mitamura m icro hot s tag e  and on NMR sp e c tra  

determ ined w ith  a  V arian A-60D sp ec trom eter.

38
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APPENDIX I I

Different media used in the present work are described here:

( i )  Nutrient broth and nutrient agar: Difco dehydrated media

were used.

( i i )  Mi nima l sa lt solution (MSS) -  single strength (l-X)

( i i i )  H istidine enrichment medium (HEM)

Double s tre n g th  (2-X) Tm‘mma.1 s a l t  so lu tio n  con tain ing  56 

jigrams o f h is t id in e  and 0 e4 grams o f glucose p e r 100 ml was mixed 

w ith  equal volume o f  double s tre n g th  D ifco agar (3$); t h i s  m ixture 

was th en  used t o  p rep are  HEM p la te s .

(iv ) Biotin supplemented h istid in e enriched minimal sa lt  solution  
(BSEEMSS)

Single s tre n g th  minimal s a l t  so lu tio n  (l-X ) con ta in ing  28 

pgrams o f h is t id in e  and 3*5 m illigram s o f  b io t in  in  100 ml 

c o n s ti tu te s  BSHEMSS.

(v) Biotin supplemented minimal sa lt  solution (BSMSS)

Sing le  s tre n g th  minimal s a l t  so lu tio n  (l-X ) con tain ing  3*5

m illigram s o f b io t in  c o n s ti tu te s  BSMSS.

k2hpo^

K H ^

(sVaStV

9.84 Grams

4.22

CĤ COONa 

0.94

0.42 T»

MgSO^ 0.05 t r

D istille d  water to 1)000 ml.
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