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In  all these  fea tures  the  act ion of f l-pyrrolo-alanine 
resembles  t h a t  of p - f luorophenyla lan ine ;  cross res is tance 
to  these  2 an tagonis t s  was accordingly  tes ted  for. Strains  
of E. coli t3 wi th  a 100-fold increased resis tance to p- 
f luorophenyl-DL-alanine and  a 2000-fold increased resist-  
ance to fi-pyrrolo-L-alanine, respect ively ,  were ob ta ined  
by  7 passages  t h rough  syn the t i c  media  conta in ing  in- 
creasing concen t ra t ions  of the  appropr i a t e  an t imetabol i t e .  

Cross resistance to fi-pyrrolo-L-alanine and p-fluorophenyl-DL- 
alanine. Bacterial growth was determined nephelometrically at 

The results  given in the  Table show t h a t  cross res is tance  
to  the  2 an tagon i s t s  does, indeed,  exist .  I t  therefore  ap-  
pears  l ikely t h a t  the  mechan i sm of act ion of pyrro lo-  
alanine is cloaely re la ted to  t h a t  of p- f luorophenyla lanine .  

I f  th is  conclusion is correct ,  we should expec t  the  
heterocycl ic  analogue to  be incorpora ted  into bac ter ia l  
prote in .  

Zusammen/assung. fi-Pyrrolo-L-alanin, dessen Syn these  
beschr ieben  ist, h e m m t  das W a c h s t u m  yon  E. coli B auf 
syn the t i s chen  NAhrb6den. Die H e m m u n g  wird  yon  

575 nm and is expressed as a % of the growth of control cultures in L-Phenyla lanin  und  
the absence of inhibitors. Growth of the parent strain was completely 
inhibited by 2.5" 10 5M fl-pyrrolo-L-alanine or 10-4M p-fluoro- 

phenyl-DL-alanine 

Growth of strain resistant to 

Inhibitor Concen- Pyrrolo- p-Fluoro- 
added tration alanine phenylalanine 

L-Tyrosin vollstAndig, yon  L- 
T r y p t o p h a n  teilweise, n ich t  aber  yon  His t id in  aufge- 
hoben.  St~tmme yon E. coli, die gegen fl-Pyrrolo-L-alanin 
bzw. p-Fluorophenyl-DL-alanin  res i s ten t  sind, zeigen ge- 
kreuzte  Resis tenz .  
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fl-Pyrrolo-L 10 3M 125 0.1 
alanine 10-4M 95 100 

p-Fluorophenyl- 10-SM 70 75 
DL-alanine 10 4M 112 115 
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The Alkaline Ribonuclease of Rat Serum During 
Administration of 4-Dimethylaminoazobenzene 

and Copper Oxyacetate 

ZYTKO and  CANTERO 1 found  t h a t  the  'alkaline ribo- 
nuclease '  of ra t  se rum was s o m e w h a t  decreased af ter  the  
animals  had  been  fed for 2 weeks on a die t  conta in ing  N- 
d ime thy laminoazobenzene  (DAB) and  fell to  40% of 
normal  when  p r i m a r y  l iver t umour s  had  been  induced.  
There  was, however ,  a s l ight  increase over  normal  value 
in ra t s  bear ing  Novikoff  ascites hepa tomas .  E leva t ed  
values  had  also been observed  in the  se rum of h u m a n  
cancer  pa t i en t s  compared  wi th  h e a l t h y  subjects  (ZYTxO 
and  CANTERO2). This se rum enzyme resembles  ra t  l iver 
alkaline r ibonuclease and bovine r ibonuclease in hav ing  
an o p t i m u m  p H  of 7.8 bu t  differs f rom these  in t h a t  i t  is 
thermolabi le .  I t  does no t  spli t  pur ine  or pyr imid ine  mono-  
nucleot ides  as does acid r ibonuclease.  The change  in ab- 
sorp t ion  p roduced  by  its in te rac t ion  wi th  nucleic acid is 
ascr ibed to a hype rch romic  effect  due to h indrance  of 
resonance  of guanine rings in the  po lymer  molecules (DE 
LAMIRANDE et  al.3). 

Dur ing  the  pas t  5 years  we have  carr ied out  s tudies  on 
var ious  enzymes  and o ther  pa r ame te r s  dur ing  the  d ie ta ry  
admin i s t r a t i on  of D A B  to rats,  alone and toge the r  w i th  
copper  oxyace ta te .  The addi t ion  of the  copper  salt  grea t ly  
inhib i t s  t u m o u r  induct ion  b y  the  azo dye (HOWELL 4, 
FARE 5) and  modifies various pa ramete r s ,  e.g. decrease in 
l iver succinoxidase  and  cy tochrome  oxidase,  l iver copper  
s torage (FARE and  WOODHOUSEe), and  dye b inding  in the  
liver p ro te in  (FARET). Also the  se rum pheny lened iamine  
oxidase  ac t iv i ty  (copper oxidase) was m u c h  d iminished  
by  DAB feeding bu t  to a lesser degree when  copper  oxy-  
ace ta te  was also fed (WooDHOUSES). F r o m  his measure-  
m e n t s  on azo dye b inding  FARE7 sugges ted  t h a t  the  bio- 
chemical  changes  and the  par t ia l  p ro tec t ion  agains t  the  

carcinogenic ac t iv i ty  of the  azo dye could be expla ined 
as resul t ing f rom a compe t i t ion  be tween  the  dye  and 
copper  for b ind ing  sites on protein .  I t  was though t ,  
therefore ,  t h a t  the  es t ima t ion  of the  serum alkalinase 
r ibonuclease descr ibed by  ZYTKO and CANTERO1 at  inter-  
vals dur ing  the  admin i s t r a t ion  of the  dye,  alone, and to-  
ge ther  wi th  the  copper  salt, migh t  give fur ther  informa-  
t ion.  

Materials and methods. 4 groups of 6 male ra t s  were 
fed, respect ively ,  on the  contro l  maize diet, maize plus 
0.09% DAB,  maize plus 0.5% copper  oxyace ta te  plus 
0.09% DAB,  and  maize plus 0.5% copper  oxyace ta te .  In  
all cases a d ie t  of p rop r i e t a ry  cube was subs t i t u t ed  on 
Sa t u rd ay  and  Sunday.  In i t ia l ly  the  animals  were 200-250 g 
in weigh t  and  consumed abou t  10 g of mixed  or basic diet  
each  day,  and  the  weights  of the  animals  were recorded 
a t  fo r tn igh t ly  intervals .  The enzyme con ten t  of blood f rom 
the  tai l  ve in  was de t e rmined  a t  in tervals  of 2-4 weeks 
over  a per iod  of 29 weeks, a t  which  t ime those  which 
received the  D A B  only had  localized liver tumours ,  b u t  
those  also given copper  oxyace ta t e  stil l  p resen ted  essen- 
t ia l ly  normal  livers (FARES). Blood specimens were al- 
ways  t aken  mid-week  in the  morning.  

The tes t s  were conduc ted  as descr ibed by  ZYTKO and  
CANTERO 1, t he  di luted se rum being incuba ted  wi th  t he  

1 j .  ZYTKO and A. CANTERO, Can. J. Biochem. Physiol. 41, 2391 
(1963). 

2 j .  ZYTKO and A. CANTERO, Can. reed. Ass. J. 86, 482 (1962). 
3 G. DE LAMIRANDE, C. ALLARDE, H. C. DA COSTA, and A. CANTERO, 

Science, N.Y. 719, 351 (1954). 
4 j .  S. HOWELL, Br. J. Cancer 72, 549 (1958). 
5 G. FARE, Br. J. Cancer 118, 782 (1964). 

G. FARE and D. L. WOODHOOSE, Br. J. Cancer 17, 775 (1963). 
7 G. FARE, Biochem. J. 88, 12 (1963). 
s D. L. WOODHOUSE, Experientia 17, 382 (1961). 



15. XII. 1966 Specialia 8 i l  

Ribonuclease activity of rat sera �9 

Weeks Maize only Maize and DAB Maize and copper Maize, DAB and copper 
treated oxyaeetate oxyaeetate 

0 10.40 ~ 0.34 (9.96-10.68) 10.0 ~ 0.33 (9.72-10.60) 9.92 4- 0.40 (9.44-10.24) 
1 9.72 • 0.45 (9.12-10.40) 9.96 4- 0.47 (9.56-10.50) 9.24 ~ 0.43 (8.96 10.16) 
3 10.22 4- 0.48 (9.44-10.64) 8.40 4- 0.14 (8.00- 8.76) 7.08 4- 0.42 (6.4 - 7.40) 
7 11.08 4- 0.54 (10.12-11.60) 7.96 :k 0.48 (7.52- 8.32) 6.32 4- 0.36 (5.60- 6.64) 

10 9.60 -b 0.70 (8.80-10.20) 7.56 -b 0.50 (7.00- 8.00) 5.68 4- 0.47 (5.2 - 6.32) 
14 9.52 4- 0.36 (9.20- 9.92) 6.72 • 0.38 (6.20- 7.20} 5.80 :k 0.36 (5.00- 6.40) 
18 9.80 :t: 0.33 (9.20-10.08) 6.0 4- 0.29 (5.64- 6.52) 5.44 4- 0.26 (5.12- 6.36) 
22 9.56 :J- 0.35 (9.04-10.40) 5.96 i 0.25 (5.80 6.40) 5.20 :L 0.29 (4.80- 5.44) 
24 9.56 ~: 0.35 (9.04 10.40) 5.96 4- 0.24 (5.80- 6.40) 5.20 4- 0.29 (4.80- 5.44) 
29 9.92 4- 0.35 (9.24-10.44) 5.76 4- 0.33 (5.16- 6.36) 4.80 4- 0.28 (4.44- 5.20) 

10.24 4- 0.39 (10.00-10.80) 
9.88 4- o.32 (9.08-10.44) 
7.08 i 0.37 (6.727 7.52) 
6.32 • o.41 (5.68- 6.56) 
5.92 4- 0.42 (5.32- 6.32) 
5.44 4- 0.30 (5.20- 6.40) 
4.24 q- 0.29 (3.84- 4.48) 
3.32 4- 0.29 (3.12- 3.68) 
3.32 4- 0.28 (3.12- 3.68) 
3.08 4- 0.28 (2.80- 3.40) 

Mean difference in optical density/rag protein, with standard deviation and range. 

r ibonucleic acid (RNA) subs t ra te  a t  p H  7.8 for 30 min  
at  37 ~ and the  opt ical  dens i ty  of the  clear supe rna t an t ,  
a f ter  p rec ip i ta t ion  of p ro te in  by perchlor ic  acid, centr i -  
fugat ion and di lut ion,  was measured  at  260 rim. Measure-  
ments  were also made  on supe rna t an t s  f rom serum plus 
subs t ra te ,  p rec ip i ta ted  immed ia t e ly  af ter  mixing.  The in- 
crease in optical  dens i ty  resul t ing f rom the  act ion of the  
serum enzyme on the  R N A  was a measure  of its ac t iv i ty .  
Since the  enzyme in ques t ion has no t  been isolated it is 
not  possible to give the  measuremen t s  in s t anda rd  uni ts  
of act ivi ty .  ZYTKO and CANTERO 1 expressed the i r  resul ts  
in a rb i t r a ry  uni ts  def ined in t e rms  of ' t he  concen t ra t ion  
of serum per  ml of di luted s u p e r n a t a n t  required to pro-  
duce a change in opt ical  dens i ty  equal  to 2.0 dur ing the  
incuba t ion  (30 rain a t  37 ~ bu t  t hey  did no t  give the  
me thod  of calculat ion explicit ly.  

In  pre l iminary  tes ts  we found t h a t  the  values for the  
changes  in opt ical  dens i ty  due to the  enzyme were l inear 
for quant i t ies  of the  di luted serum be tween  0.05 mt and 
0.20 ml. The values in our exper iments  are given d i rec t ly  
in te rms  of the change  in opt ical  dens i ty / rag  of se rum 
pro te in  in the  t e s t  (ZIGMAN and ALLEN g). The pro te in  
con ten t s  of the ra t  sera were somewhat ,  b u t  no t  severely,  
decreased dur ing the  admin i s t r a t ion  of the  th ree  diets.  

The di lut ing med ium was phospha te  buffer  p H  7.8, 
0.1 M. The nucleic acid was prepared  and  util ized as de- 
scribed by  ZYTKO and CANTERO 1, and the  same prepara-  
t ion was used t h r o u g h o u t  the  tests.  Af ter  incuba t ion  the  
nucleic acid was prec ip i ta ted  wi th  1.0 ml 12~ perchloric  
acid, cent r i fuged for 10 min, the  clear s u p e r n a t a n t  d i lu ted  
1:20 wi th  distilled water,  and the  optical  dens i ty  meas-  
ured a t  260 n m  in 1 cm cuvet tes .  

Results. The average r ibonuclease values for the  var ious  
groups a t  the  in terva ls  des igna ted  are given in the  Table.  
Control  series (maize fed): During the whole per iod the  
animals  on th is  diet  grew normal ly  to  280-300 g. The 
enzyme values did not  al ter  great ly  nor  were differences 
be tween  animals  ve ry  marked.  Azo dye only:  Af ter  a 
period of abou t  2 weeks, dur ing which the re  was l i t t le 
gain in weight,  the  animals  in this  group ma in ta ined  a 
slow b u t  s teady  increase to 250 280 g. The enzyme values 
decreased slowly dur ing some 10 weeks and  then  decl ined 
more sharply.  Copper  salt  only:  This caused a con t inued  
depress ion of enzyme value which was more  marked  t h a n  
wi th  D A B  alone. The serum, af ter  10 weeks on copper  
diet, conta ined  200/~g Cu0/o, this  being somewha t  h igher  
t h a n  normal .  Azo dye and copper  salt :  The combined  
d ie ta ry  addi t ion  depressed the enzyme values  to 60% of 
the controls  af ter  10 weeks and to 30~o af te r  29 weeks. 

Discussion. i t  would seem of some in teres t  t h a t  t he  
initial  values of the  sera of maize-fed ra ts  are h igher  t h a n  
ZmMAN and AZLISON 9 found for ra t s  fed on a die t  of good 
biological value, b u t  ve ry  s imilar  to  those  t h e y  ob ta ined  
wi th  animals  fed a pro te in-def ic ien t  diet  conta in ing  40% 
whea t  gluten.  The s t an d a rd  maize die t  used in our ex- 
per iments ,  which  has been found  to  be ve ry  useful for the  
s tudies  on the  carcinogenic proper t ies  of DAB, is also sub- 
s t anda rd  in biological proper t ies .  

However ,  the  resul ts  ob ta ined  in the  tes ts  using the  
diet  wi th  only added  DAB do no t  conf i rm those  repor ted  
by  ZYTKO and CANTERO 1, and,  in par t icular ,  do no t  sup-  
po r t  the  idea t h a t  the  changes  in enzyme con ten t  have  
any  direct  connec t ion  wi th  the  cancer- inducing proper t ies  
of the  azo dye. These  workers  suggested t h a t  the  effects  
t hey  observed m a y  be due to side react ions of the carcino- 
gen under  the  condi t ions  of the i r  tests .  Also recent ly  the  
presence of r ibonuclease inhib i tors  which are p ro te in  in 
na ture  have  been d e m o n s t r a t e d  in various t issues (GIRIJA 
and SP.EENIVASAN10). The possible role of such sub- 
stances,  if p resen t  in serum, would need to be eva lua ted .  

The serum enzyme values in animals  receiving copper  
salt  are expl icable  on the  a s sumpt ion  t h a t  copper  as well 
as the  azo dye b inds  wi th  the  amino  acid residues of the  
enzyme pro te in  11. 

Rdsumd. On a d6termin6 l 'ac t iv i t6  de la r ibonucl6ase 
alkaline dans  le s~rum sanguin  du ra t  p e n d a n t  l ' admin i -  
s t ra t ion  per  os de d im6thy laminoazobenzene  et  d ' o xy -  
ac4tate  de cuivre, s6par6ment  ou s imul tan6ment ,  p e n d a n t  
26 semaines.  On a t rouv6 une act ivi% un peu r6duite  
quand  ces subs tances  6ta lent  adminis t r6es  s6par6ment ,  
mais combin6es,  elles p rovoqu6ren t  une d iminut ion  plus 
sensible. 
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