
v o L  34 (~959) P L A C E N T A L  PI{I)SPf[AT.XSI~;S 

so j .  RA.~SAV, V.  T ,  T ju~ :mx ' s  ~x~D MAtiF.r~, IJrit. Aled. .] . .  i ( t93S)  i t99 .  
~1 M.  I:~ODANSK~.', J.  B~td. Chrtsr,, r64 (1939) 3 2 r .  
~2 E .  ~,V. I)EM PSEY ,h.N D G.  |-~. V~'I%LOC KI. ,'l l i I . . f . . ' |  11tl[., ,qO ( ~ 0 4 7 )  r .  
-~a M.  L .  M.5;NTtCN, J .  JU,~-GF, AND M. H ,  G~t~.:F.N, J .  Biol.  Christ,. t 5 3  (1944) 4 7 r .  
~n E .  GRo~,(~ A~'D A.  G.  E .  Pv:,~,Rs~:, ~Nratt~-e, ~7 o (~(~SZ) 57 S, 
~s M. I)I~'.~ONT, Prcxsc reed., 2 3 ( t , )57)  535-  
*-~'l-i. D. I{~v,  B ioc lwm. . [ . ,  "zz 1~92~} I , t46 .  
Z~ j .  ] IOCHE AND J .  BAUI)OIN, comp?.  Rend.  Soc. trio/., 137 ( [943)  "-'45- 
28 N - V .  TH()AI,  l?ult..~oc, chi;it, td,d., 34  {194  I) 2('-!. 
~.9 H .  I1. Ju;x.~,:te ~:,,.:r~ i I .  1)~ b r t v .  ,]. 1¢i,,?. ('~,c~,~., '~3 ( t '~3:} 733,  
zo ]~, NAt"*ANNA ANt> \ ' .  1~. N .  3 I E N o N ,  . ] .  t~Z,'/, Chem. ,  ~7-1 l, ttJ'-l~+l .5 ~ [ "  
at j .  L .  RF~nS, Biochem. j . ,  4 ~, (195o) X X t .  
0z A .  B .  NOVlKOFF. E .  l)oI)illgR AND J.  l.~YAN', 1,'cdz~rat~,~z t 'r ,c . ,  q (~95o) ~ o .  
nn A.  L.  l ) o u N c l ~ ,  J .  Biol.  Chem.,  1.17 I t o43 )  (,$5. 
~1 V0 A L L F R E Y ,  H .  ~ T E R N  AND .:\. ]'~. -~[IRSKY, ,\ra(ttre, [,b,+! (1()~2) I2~ .  
an C,  H .  W .  t l H t u ,  XV..~1. ~Tb;IN + AND S. ~[OORE, ,], A m ,  Ghrm. S,c.+ 73 ( z 9 5 t )  I 893 .  

325 

E F F E C T  O F  I N H I B ! T O R S  ON L Y T I C  E N Z Y M E  S Y N T H E S I S  

BY B A C I L L U S  S U B 2 - I L I S  R 

M. tt .  R I i ' I I M ( ) N I ) *  

Depztrtmenl o/ Biochemistry,  [21~ii'('Fstt.v O[ C~,DJ~hr~dge ((.~J'ea! t~ril~i~z) 

( I Z e c e i v e d  l ) c t o b e r  3f}th, 1o5";I 

.q( ' .MM A I~Y 

8-aza-guanine has been shown to be a potent inhibitor of lytic enzyme s3nathesis 
in B. subtilis R. It.~ action is detectable within 5 mi~l cf addition to the system and 
is complete  before incorporatidrt of the analogue into the R N A  fraction of the celts 
is appreciable. 8-aza-guanine was also found to be a potent inhibitor of genera[ 
protein synthesis  in the cell whether measured by the incorporation of L-~I-~C_'.- 
leueine, L- [z-t4C] phenylalanine, DL- [ I-t~C] alanine or [~tC]gtycine. Cell wall syrtthesis, 
as measured by the incorporation of t,k-[~+C]alanine into the egg-white lysozyme 
sensit ive portion of heat-killed B. sl~btilis R, was not effected significantly by con- 
centrations of the analogue causing inhibition of protein synthesis.  

A method is suggested whereby the amino acid composit ion of sman quantities 
of cell wall may  be determined. 

[N'I 'ROD(" CTI(}N 

It  has been shown previously 1,-* that,  during exponential  growth irt simple synthetic 
media, cultures of Bacillus subtilis R synthesize art cxtracellular lytic enzyme similar 
to egg-white 1Ssozyme. A.~ the extracelhtlar lyric activity at any instant is a constant 
proportion of the total  enzyme act ivity in the culture, the appearance of lyric activity 
in the growth medium may  be used as a memsure of enzyme synthesis.  In the past a 

* P r e s e n t  a d d r e s s :  N a t i o n a l  I n s t i t u t e  for  M e d i c a l  R e s e a r c h ,  T h e  R i d g c , ~ a y ,  Mil l  Hi l l ,  I . o n d o n  
~ W 7 ,  E n g l a n d .  
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numher  of ant ibiot ics  and  metabol i te  analogues have proved useful in tbe  s t u d y  of 
protein  and  nucleic acid synthesis  in micro-organi~ms. I t  is well established 
tha t  8-aza-guanine causes a change from exponent ia l  to l inear g rowth  ra te  when 
added  to cul tures  of susceptible bacter ia  a,4 mxd t h a t  the analogue is incorpora ted  
into the ribose nucleic acid (RNA) of the cell in the  place of guanine.  CREASER 5 has  
.~hown tha t  inducible fl-galactosidase synthesis  in Slapl~ylococcus al, reus can be in- 
hibi ted by  8-aza-guanine and  t h a t  the inlfibition can be reversed by  guanine,  xan th ine  
and hypoxanth ine .  Subsequent ly ,  S M I T H  AND MATTHEWS a and  M A N D E L  AND MARK- 
ltzkM 4 have shown th~,t the aza-guanine is incorpora ted  p redominan t ly  in to  the  
terminal  positions of the R N A  chains;  fur thermore  the  tota l  a m o u n t  of analogue 
incorporated is not d i rect ly  related to the  degree of inhlbi t lon of g rowth  s. I t  is suggested 
tha t  the p r imary  inhib i tory  act ion of aza-guanine is upon some guanine-conta in ing  
cofaetor involved in protein synthesis.  GALE AND FOLKES r have repor ted  t h a t  protein 
synthesis  by  washed suspensions of Stapt~ylococous aureus can be inhibi ted  b y  g rowth  
inhibi tory  concentra t ions  of chloramphenicol .  The synthesis  of cer tain enzymes is 
equal ly  sensitive a and  it seems t h a t  this  ant ibiot ic  acts  as a powerful  inhibi tor  of  
protein synthesis  within the cell. Aureomycin  seems, superficially, to  be similar to  
ctfloramphenicol in its actionL Certain phenanthr id ines  possess t rypanoc ida l  ac t i v i t y  
and  Nl-:xVWON 9 has shown tb.~ot one of these, e th id ium bromide,  is capable of inhibi t ing 
D N A  synthesis  in a protozoan,  Strigomonas oncol~elti. GALE .-XND FOLKES to have  
shown tha t  this same compound  inhibits  the incorpora t ion  of radioact ive  glycine 
into prepara t ions  of disrupted Staphyloaecans aureus. X, VOOLI .EY T M  has  synthes ised  
several "aggregate  analogues"  of d imethylbenzimidazole  and  p-amino-benzoic acid 
which will inhibit  the growth  of a number  of Gram-posi t ive  and  Gram-nega t ive  
bacteria.  One of these compounds ,  D C D N S ,  is a powerful  inhibi tor  of the  incorporat ion 
of glycine in G,XLE's s taphylococcal  prepara t ion  *°. A number  of o ther  analogues of 
dimethytbenzimidazole  are act ive inhibitors of influenza virus mul t ip l ica t ion  is. Some 
atso inhibit  the incorporat ion of radioact ive  alanine into the  protein of isolated 
t h y m u s  nuclei 1. and  glycine b, to preparat ions  of d isrupted Stalbl, ylococcus aureus la. 
This paper describes the elfect on lytic enzyme synthesis  by  Bacillus sublilis R of a 
number  of ant ibiot ics  and  metabol i te  analogues known to interfere wi th  protein  
and nucleic acid metabol ism.  

5IF~THODS AND M A T E R I A L S  

The organism, Bacillfts s ,bl i l is  R, the media,  growth condit ions,  me thods  of esti- 
mat ing  bacterial  cell dens i ty  and  lyt ic  enzyme synthes is  used in these studies,  toge ther  
wi th  the preparat ion of the "To ta l  ex t rac tab le"  and  "Extracel lu lar ' "  enzyme fract ions 
have been described previously 1. 

t 

Cell/ractio;mtion. Cultures were normal ly  f rac t ionated  with perchlorie acid using 
a modification of the lnethod reported by O(~t:R AND ROSEN 1"~. In cer ta in  cases residual 
traces of perchloric acid interfered with subsequent  steps and  for these purposes cells 
were f rac t ionated  with tr ichloracetic acid (TCA). 

PercMoric acid ]ractiouatio,J~ 

-%o ml of cul ture was mixed with  an equal  volume of cold 0.4 N HCiO 4 a n d  
stored a t  4 ° for I ]1. The result ing precipi tate  was removed on the  centr i fuge,  
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washed once with cold o.2 N HC104 and  t hen  t r ea ted  as follows to prepare  the  
r equ i r ed  fract ion.  

Total nucleic avid ~rattiest. The  prec ip i ta te  ob ta ined  af ter  wa_shing witti o.2 N 
HC104 was t r e a t e d  for 2o rain wi th  two por t ions  of 0. 5 N HCIO,  at  80 °. The  e x t r a c t s  
p r e p a r e d  were decan ted  af ter  centr i fuging,  and  when combined  con ta ined  more than  
95% of R N A  of the  cell t oge the r  with abou t  9o% of the  DNA.  

R N A  [faction, R N A  was e x t r a c t e d  by  suspending the prec ip i ta te  ob ta ined  a f te r  
washing with o.z  N HC1Oa in 2.o ml of N HC104 and  storing at  4 ° overn ight .  Th is  
e x t r a c t  con ta ined  more  t h a n  90% of the to ta l  cell RNA (de te rmined  b y  repeatec] 
e x t r a c t i o n  of similar  mater ia l  with 5% TCA at 8o:).  

D N A  [ractio~. D N A  was e s t ima ted  d i rec t ly  a f te r  ex t rac t ion  of RNA ei ther  on 
t he  residual  cell mater ia l  suspended  in ~.o "ml disti l led water  or  on an ex t i nc t  p repared  
wi th  o.5 N HCIO4 as descr ibed for the to ta l  nucleic acid e x t r a c t  (see above).  As t he  
R N A  has a l r eady  been r emoved  by  N HCIO 4 t r e a t m e n t ,  the  e x t r a c t  conta ins  ~he 
cell D N A  wi th  on ly  t races  of RNA as c o n t a m i n a n t .  

" P r o t e i n  + cell u,alI'" [faction. The  mater ia l  remain ing  a f te r  the  ex t rac t ion  of 
R N A  a nd  D N A  con ta ined  the  m a j o r i t y  of the  pro te in  and  cell wall mate r ia l  of the  
organism.  Over  90%, of the  pro te in  m a y  be dissolved from the  f rac t ion  by  t r e a t m e n t  
ove rn igh t  w i th  N N H 4 O H  at  room t empe ra tu r e .  

Removal o~ ~berchloric acid ]rein/ fact ions.  Large quan t i t i e s  of residual  perchloric  
acid in te r fe re  ":,-ith subsequen t  es t imat ion  of r ad ioac t i v i t y  and,  therefore ,  for  this  
purpose  f rac t ions  were t r e a t e d  wi th  K O H  in the  cold followed by  r emova l  of the 
p r ec ip i t a t ed  KC1Oa in a centr i fuge.  

TCA [ractionation 

2.0 ml of t he  cu l tu re  to  be f rac t iona ted  was mixed  wi th  an equal  vo lume of 
cold I o %  (w/v) TCA and  a l lowed to s t and  for 3 1l a t  4 °. The  prec ip i ta te  was r emoved  
on the  cen t r i fuge  a n d  washed  once wi th  cold 5°o TCA. 

Total nucleic acid/ractionation.  The  mater ia l  p repared  in this  way  was e x t r a c t e d  
successively for  20 min  wi th  two por t ions  of 5 % (w:'v) TCA at  80 °. This  t r e a t m e n t  
e x t r a c t s  all t he  R N A  from the  p repa ra t ion  toge the r  w~th more  t h a n  90% of the  DNA. 

"Protein ~- c~ll wall"  [faction. Tile residue af ter  removal  of the  nucleic acid con-  
t a ined  mos t  of the  pro te in  and cell wall mater ia l  of the organism and  is similar to  
the mate r i a l  r emain ing  a f t e r  e x t r a c t i o n  of nucleic acid by  the perchlor ic  acid method .  

Removal of TCA.  TCA was r emoved  where requi red  b y  ex t r ac t i on  th ree  t imes  
wi th  equal  vo lumes  of e the r ;  the  e the r  l aye r  was discarded.  

Est imat io~ o~ RAtA and total mtcleic actd. RNA and to ta l  nucleic acid were esti- 
m a t e d  in the  re l evan t  f ract ions  by  the i r  specific absorp t ion  at  26o m/~ in the  B e c k m a n  
S p e e t r o p h o t o m e t e r ,  Model DU. A I.O mg.,'ml solut ion of pure  RNA was assumed 
t o  h a v e  a specific ex t i nc t i on  (log Io/'I)~no --  28 ~n TCA was r emoved  before  e s t ima t ion ;  
perch lor ie  acid does not  in ter fere  wi th  es t imat ions  at  260 mtz. 

Est imat ion o/ D N A .  DNA was e s t ima ted  as deoxyr ibose  b y  the m e t h o d  of  
BURTON 17. 

Hydroiysis  o / m w l ¢ i c  aci, t [factions. o.I N HCI, a~ descr ibed  by  McQuILLEN ANi~ 
ROBERTS ls released free pur ine  bases and  pyrun id ine  nucleotides.  N K O H  as descr ibed  
by  SMlzu AND MATT~t~.WS a. l iberated pu l ine  and  pyr imid ine  nucleotides.  The  K O H  
was r e move d  by  repea ted  precipi ta t ion  wi th  HCIOt followed by  chilling at  o ° and  

Re[~rencea p. 34 o. 
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removal of tile precipitated KCIOt on the centrifuge. This method does not, however, 
free the preparation from salt completely. 

Chro~atogrctphy. Purine bases and pyrimidine nucleotides prepared by  o.I N-  
HCI hydrolysis were separated by chromatography in isopropanol-HClZ% Purine bases 
and pyrimidine nucleotides prepared by hydrolysis in N KOH were separated in 
~,-butanol-ammonia ~'°. Whatman No. 3 paper was used throughout.  

Location of material on chromatograms: u.v.-absorbing material was located 
on chromatograms by the u.v. contact  print method of MARKHAM AND S M I T H  20, 

Derivatives of aza-guanine were located by the fluorescence photography method 
as described by MAT1:H~WS 21. 

Radioactive materials. Glycine (generally labelled), L-[r-aaC]leucine, L-[Z-x4C] - 
phenytalanine, DL-Ei-xaC]alanine and [8-taC]adenine were supplied by  the Radio- 
chemical Centre, Amersham, Berkshire, Eng!and. The amino acids were used at a 
specific activi ty of o.o6/~C/txmole unless otherwise stated. [8-1aC]Ade~ine was used 
at a specific act ivi ty of o.5/zC/Ixmole. 5.o mfxC of the glyeine gave .*18 7 counts/rain 
in the equipment  used. 

Radioactive determinations were carried out as described by  GALE AND FOLKES% 
Inhibitors. The foUowing compour~ds are referred to subsequently by the numbers 

succeeding them : 
2,3-dichloro-5- (lh-nit roben zenesulphonamido)-ben zene (I). 
2,3-dimethyl-5-(p-nitrobenzenesulphonamido)-benzene (II). 
p-nit rob enzenesulphonamide (III).  
5,6-dimethyl-b enzimidazole (IV). 
5,6-dimethyl- I-/3-D-ribofuranosyl-benzimidazole (V). 
5,6-dichloro- I-fl-D-ribofuranosyl-ben zimldazole (VI). 
4,5,6-triehloro-benzimidazole (VI I). 
4,5,6-trichloro- I-fl-I)-ribo furanosyl-benzimidazole (VIII). 
4,5,6-tr ichIoro-I-a-D-ribofuranosyl-benzimidazole (IX). 
I am indebted to Dr. B. A. NEwToN for a gift of ethidium bromide (2, 7 diamino- 

9-phenyl-Io-ethyl-phenanthridinium bromide) ; to Dr. E. F. GALE, for gifts of DCDNS 
(2,3-dichloro-5-(p-nitrobenzene-sutphonamido)-6-nit re-benzene), 6-amino-4-hydroxy- 
benzimidazole and 6-amino-4-hydroxyd~enzotriazole and Compounds IV to IX;  and 
to I ) r . . | .  D. SMITII, Molteno Insti tute for Parasitology, University of Cambridge, 
Cambridge, England, for a generous gift of 8-aza-guanine (AZA). Compounds I and II  
were synthcsised by the llmthod of ~¥OOLLEY 11 by condensing p-nitrobenzene- 
sulphonylchloride (Kodak) with 3,4-diehloro-aniline and 3,4-dimethylaniline (both 
Lights) respectively. Crystalline egg-white tysozyme (Armour) was used throughout  
these expcr~.ments. 

EXPF.I~IM~NTAI.  

8-Az~-g,~ani~zo. Effect on lylic enzyme syJ~tl~esis 

The addition of 2o ~g/ml  az-~-guanine to cultures of Bacilt, ts s,tbtilis R growing 
exponentially in CGG medium z resulted iix cessation of Iytic enzyme synthesis and 
a change from exponential tc linear growth. Fig. I shows that  the synthesis of lyric 
enzyme in the culture ceased within zo rain of addition of the an~flogue although 
enzyme continued to accumulate in the growth medium until  ~ _% was extracellular. 
~elerc*~ces p; 34  o. 
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T h e  i n h i b i t o r y  e f f ec t  o f  a z a - g u a n i n e  c o u l d  h e  c o m p l e t e l y  p r e v e n t e d  b y  t h e  a d -  

d i t i o n  o f  z .o  t t g / m l  g u a n i r t e  o r  g u a n o s i n c  t o  t h e  g r o w t h  m e d i u m .  Tb.e p r o t e c t i o u  

o b t a i n e d  in  t h i s  w a y  (F ig .  2) w a s  c o m p l e t e  o n l y  if t h e  g u a n i a e  w a s  a d d e d  v,,ithirt 

5 r a i n  o f  t h e  a n a l o g u e ;  g r e a t e r  d e l a y s  r e s u l t e d  in  less  c o m p l e t e  p r o t e c t i o n .  

GALE AND FOLKES ~0 h a v e  r e p o r t e d  t h a t  6 - a m i n o - f - h y d r o x y - b e n z o t r i a z o l e  a n d  
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Fig. x. Eltcct  of aza-guanine on t im,appear-  
ance of "To ta l  ex t rac tab le"  and "Ex t race l -  
[Mar" lyric act ivi ty.  Grou~th medium:  CGG. 
Aza-guanine {AZA) _-o pg/ml  added at  the 
pa in t  indicated. T, to ta l  extractal , le  act ivi-  
ty ;  E, extracel lular  a c t i v i t y : - - ,  in absence;  

q-, in presence of azaguanine. 

Fig. 2. Elfect of guanine in reversing inhi- 
bition (due to aza-guanine) of appearance of 
extracel lular  lyric act ivi ty .  Growth medium : 
CGG. Aza-gnanine (AZA) (2o/tg]mt) added as 
indicated. Guanine (. /tg/ml) added at  points  
i -v i .  C -- ( 'ontrnl without  &zz~-guanine or 
guanine;  A -- with aza-gnanin,  but  with~:ut 
guanine;  r 6 with aza-gt,auine, guanine ad- 

ded at points  i -vi ,  

Fig. 3- Effect of brief t r ea tment  with aza- 
gu~mine nn M)ility of cultures to synthesise 
lyric enzyme subsequently,  in absence of the 
analogue. Growth media:  No. 1 ; Phase 1 and 
l I ,  CGG medium. No. z ;  Phase i. and II ,  
CGG medium -4- guaaine.  _No. 3: Phase I, 

CGG medit tm + guanine + aza-guanine. Phase 1I CGG mediu,m No. 4a, b; Phase 1. CGG + 
aza-g0anine;  No. 4a; Phase I I ,  CGG medium;  No. 417; Phase II,  CGG mediula  -r guanine. 

Aza-guanine:  zo / lg /mt;  guanine ~_.o pg /ml  finale concentrat ion.  

Refer~ces p, 340. 
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6-amino-4-hydroxy-benzimidazo[e ,  bo th  of which are s t ruc tura l  analogues  of guan ine  
and  aza-guanine,  s t imula te  the  incorporat ion of radioact ive  gl.ccine into p repara t ions  
of d i s rup ted  Staphylogovcus aureus.  Nei ther  compound  (at concent ra t ions  up  t o  
Ioo  tzg/ml) was able to reverse the  inhibi t ion due to  2o p4~/ml aza-guanine.  To de te r -  
m~ne how quick ly  aza-guanine affects the  synthes is  of lyt ic  enzyme,  a cul ture  of  
B.  subtil is  R growing exponen t i a l ly  in CGG m e d i u m  was cent r i fuged and  rosuspended  
to a dens i ty  of 17o v.g/ml in CGG med ium containing zo #g /ml  aza-guanine.  After  
3 min  incuba t ion  in this medium,  the  cul ture  was passed rap id ly  through a m e m b r a n e  
filter to r emove  the  aza-guanine,  washed once on the filter wi th  5.o ml CGG med ium 
and  resuspended  to the  init ial  suspension dens i ty  in fresh CGG medium.  A second 
culture,  incuba ted  th roughou t  in the  absence of aza-guanine,  ac ted  as a control .  
Incuba t ion  for 3 rain in the  presence of aza-guanine (Fig. 3) comple te ly  inhibi ted 
lytic enzyme synthesis  for a b o u t  9o min;  subsequen t ly  the  cells reganied their  
synthe t ic  abi l i ty .  Addi t ion of 2 .o / , g /ml  guanine  to the  aza-guanine in the p re l iminary  
incubat ion  med ium comple te ly  p reven ted  the  inh ib i tory  effect of the  a~aloguo. 
Fur the rmore ,  if organisms incuba ted  in the  presence bf  aza-guanine for 3 min  were  
wa.shed and resuspended in CGG m e d i u m  conta in ing  2.o ~g/ml guanine,  lyt ic  e n z y m e  
synthes is  cnmmenccd  immed ia t e ly  at abou t  half  the  control  ra te  and  a no rma l  r a t e  
of synthes is  was achieved af ter  abou t  IOO rain incubat ion .  T r e a t m e n t  of cul tures  w i th  
aza-guanine for periods shor ter  t han  3 rain led to less comple te  inhibi t ion of e n z y m e  
formation.  Af te r  t .o  rain in the  presence of the  analogue the syn the t i c  ab i l i ty  of  
cul tures  was variable,  ranging from 6 0 - 9 o %  of the  control  values in different  exper i -  
ments.  I t  seems, therefore,  tha t  aza-guanine causes comple te  inhibi t ion of ly t ic  
enzyme synthesis  within 3 rain of addi t ion  to a growing cul ture  and t ha t  the  inh ib i to ry  
effect persists  for a considerable  t ime a f te r  the remova l  of the  analogue.  

Effect o/aza-g~,aJl.ine on total protein and  nucleic acid  synthesis  

Aza-guan 'ne  is known to inhibit  the  synthes is  of several  enzymes,  n o t a b l y  t h e  
inducible ~-~ , ,~c~s ldase  of Staphylocoocus aureus~, ~ and the inducible penJeillinase 
of Baci l lus  cegeus 2~. MANDEL ~4 and  SMITH AND ~[A1/'THE%VS ~ h a v e  shown tha t  aza-  
guanine  is incorpora ted  into the  R N A  of the  cell unde r  condi t ions  in which  exponen t i a l  
g rowth  is l imited b u t  tha t  the  total a m o u n t  of analogue incorpora ted  cannot  b e  
responsible for the change to l inear g rowth  as incorporat ion of the  ana logue  cont inues  
for several  hours  af ter  the  effect on g rowth  is complete .  As aza-guanine affects  tyt ie  
enzyme synthes is  within 3 mie of additit-~a to the  sys tem,  exper imen t s  were car r ied  
ou t  to decide whe ther  the  analogue specifically inhibi ted enzyme  synthes is  or  whe t he r  
other  syn the t ic  processes in the  eel| were affected s imul tanenusly .  

Inh ib i to ry  concent ra t ions  of a z a - ~ a n i n e  h a d  little immedia te  effect on the  
synthes is  of to ta l  nucleic acid, R N A  or DNA,  wllether  measured  b y  the  opt ics!  
dens i ty  of mater ia l  ex t r ac t ed  b y  the methods  descr ibed above  (Fig. 4) or  b y  growing 
cells in CGG medium + ES-aaC]adenine and following the incorpora t ion  of radio-  
ac t i v i t y  into the R N A  and  D N A  fract ions (Fig. 5). 

In all cases, synthes is  of to ta l  nucleic acid (Fig. 4a  and  5a) and  R N A  and D N A  
(Fig. 4b  and 5b) cont inued  a t  near ly  the  control  ra tes  for a b o u t  45 min before beginning 
to fall off. 

SM1TH AND MATTHEWS 3 have  repor ted  t ha t  aza-g~]anine is incorpora ted  into 
R,xrA in the  place of guanine  when Baci l lus  vere, es is i ncuba t ed  in g rowth  inh ib i tory  
R:'[ere,*¢ces p. ?/ ,J .  
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c e n t r a t i o n .  
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c o n c e n t r a t i o n s  of t he  ana logue .  A z a - g u a n i n e  m i g h t  be  e x p e c t e d ,  t he re fo re ,  to  i n t e r f e r e  
b 

wi th  the  i n c o r p o r a t i o n  of g u a n i n e  in to  the  R N A  o f /3 .  s ubtil is  I;~ g r o w n  in t h e  pres.ence 
of  t he  ana logue .  A t t e m p t s  to  s t u d y  th i s  p rocess  b y  fo l lowing  t h e  i n c o r p o r a t i o n  of  
~8-~aC]guanine in to  the  R N A  of  "..he cell were  unsuccess fu l  because  t h e  specif ic  a c t i v i t y  
of t he  g u a n i n e  ava i l ab le  :~a~ too  low to  a l low sufficiertt  r a d i o a c t i v i t y  to  be a d d e d  
to  the  s y s t e m  w i t h o u t  a d d i n g  s i m u l t a n e o u s l y  e n o u g h  g u a n i n e  p a r t i a l l y  to  r eve r se  
the  i n h i b i t o r y  effect  of t h e  ana logue .  To  a v o i d  th is  d i f f tcu l ty ,  t h e  e f fec t  of  a z a - g u a n i n e  
was s t u d i e d  on  t he  i n c o r p o r a t i o n  of  [14C]glycine in to  the  a d e n i n e  an d  g u a n i n e  of  
the  nucleic" ac id  f rac t ions .  

Gi;'ci~z~ incorporat imt  i.J~ ;wrmal  cells 

l{t~l~I:.l¢l'S ct el.  h a v e  shown  t h a t  Escharichiu cell, g r o w n  in a g lucose .~ammonia-  
sa l ts  m v d i u m  c o n t a i n i n g  [~4C_?glycine, i n c o r p o r a t e s  r a d i o a c t i v i t y  in to  b o t h  nucle ic  ac id  
a n d  t h e  p ro t e in  of t im cell ;  s imi la r  r esu l t s  h a v e  been  o b t a i n e d  l)y MCQUILLEN "e w i th  
Hacilhts  mcgatcri~cm. A d d i t i o n  of  [14C]glycine to  a c u l t u r e  of Baci l l t ts  s.ubtilis R g r o w n  
e x p o n e l i t i a l l y  in CGG m e d i u m  r e su l t ed  in a s imi l a r  p a t t e r n  of  i n c o r p o r a t i o n ,  3 8 %  
of  the  r a d i o a c t i v i t y  be ing  i n c o r p o r a t e d  i n t o  t h e  nucle ic  ac id  a n d  56°.5 i n to  t h e  
" p r o t e i n  + cell wa l l "  I r a c t i o n  of t he  ceils (see T a b l e  I) .  T h e  d i s t r i b u t i o n  of r ad io -  
a c t i v i t y  was also d e t e r m i n e d  in t he  R N A  a n d  t h e  D N A  c o m p o n e n t s  ( p r e p a r e d  b y  
the  pe rch lo r ic  f r a c t i o n a t i o n  p r o c e d u r e )  mxd in t h e  t o t a l  nuc le ic  ac id  ( p r e p a r e d  b y  
b o t h  the  pe rch lo r i c  a n d  T C A  m e t h o d s ) ,  D i s t r i b u t i o n  of  r a d i o a c t i v i t y  w i t h i n  t h e  R N A  
a n d  D N A  f r ac t i ons  was  fo l lowed  b y  h y d r o l y s i n g  t h e  f r ac t i ons  in o.x N HCI  to  r e l ea se  
free  pu r ine  bases  and  p y r i m i d i n e  nuc leo t ides .  Th ese  were  s e p a r a t e d  b y  c h r o m a t o g -  
" a p h y  of the  l i y d r o l y s a t e s  in i s o p r o p a n o I - H C l ;  g u a n i n e  a n d  2.o m g  p u r e  y e a s t  nuc le ic  
:mid, all h y d r o l y s e d  u n d e r  the  same  condi t ions ,  were  used  as  m a r k e r s .  A f t e r  d e v e l o p -  
m en t ,  the  pos i t ion  of the  purine.3 on the  c h r o m a t o g r a m s  was  d e t e r m i n e d  b y  n .y .  
transmi.~sion p h o t o g r a p h y  2°, a n d  t he  a rea  c o n t a i n i n g  t h e  m a t e r i a l  was  c u t  o u t  a n d  
e l u t e d  in d i s t i l l ed  wa te r .  Samp le s  of  this  m a t e r i a l  were  used  for  d e t e r m i n a t i o n  o f  
r a d i o a c t i v i t y  a n d  c o n f i r m a t i o n  of  t h e  i d e n t i t y  of  the  p u r i n e  bases  u n d e r  ac id  and  
a lka l ine  cond i t i ons .  Tab l e  I I  shows  the  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n c o r p o r a t e d  
i.,lto the  nucle ic  ac id  of o r g a n i s m s  i n c u b a t e d  u n d e r  these  c o n d i t i o n s ,  A p p r o x i m a t e l y  
t he  s a me  p r o p o r t i o n  of  r a d i o a c t i v i t y  a p p e a r e d  in t h e  t o t a l  nuc le ic  ac id  f r a c t i o n  of  
the cells w h e t h e r  it  was  p r e p a r e d  b y  t he  T C A  or  p e r c h l o r i c  ac id  f r a c t i o n a t i o n  p r o -  

TABLE I 
D I S T R I B U T I f l X  {',~," R A I ) I O A C T I V I T ' t  ~ I " R O ~ I  [ I I ( -~ ' . I .~L=x 'CINE I%T'I'O T H I ~  

V A R I O U ~  t e R A C T | C t N N  O F  [ ~ f t ( ~ l l l C $  s u t ~ t i l i s  R 

Cells fracti,m-nted I()r this ptlrl~ose by the method of 3'[CQUII.LgN ANli) ~ o D E r t ' r S  18 

{countsindn in extract) 
ltesults expressed as: (total cotmts/min incorporated) >: we:). 

/-rr~¢t~o,;~ )~,hl.t I t L r p t .  2 I . A t r a c t i o n  pr*J¢¢dt*rc 
• j j~  

(;e]fs before fr~cti[)nation too ! oo 
F r e e  internal "pool" 4.3 3 .8 
Lipid- and 0,tcoho!-soh;ble protein 5.2 5-4 
Total nucleic acid 38-4 39.~ 
"Protein -~- celI wall" 48-.5 49.4 
o~ llccovery 96.4 97.8 

5%TCA,  4% 3 h 
759/o aq. EtOll ,  75% 3 ° rain, twice 
5 "~,,, TCA, 05% '20 min, three times 
Re~;iduo 

l-eelere~zces p. 34 o. 
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cedures. O£ the rad ioac t iv i ty  in the total  nucleic ~tciti fraction, about  80 % was in the 
R N A  and  x5% in the DNA. More than  9o°,, of the rad ioac t iv i ty  in the to ta l  nucleic 
acid and  RNA fract ions was in the purine bases, the ratio of rad ioac t iv i ty  in the 
adenine to t h a t  in the guanine (i~laC]adenine;~llC]guanine) being about  i . i  in all the 
fract ions measured.  In subsequent  exper iments  this ratio f luc tuated  between 1.05 
to L43, bu t  was always approx ima te ly  c~ .s tant  witid,¢ one experiment .  The time 
course of incorporat ion of :~*'lCJgiycine into B. sublilis R was followed in cells grown 
exponent ia l ly  in CG(} medium containing 4or) f,31 glycine (0.06 ~C:p.molc,). Samples 
removed at  intervals  were f rac t ionatcd  as described lit the previous exper iment  to 
measure  the d is t r ibut ion  of rad ioac t iv i ty  ira the various cell fractions. "Fable I I I  
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shows tha t  a similar pa t t e rn  of incorporation is obta ined in all the samples, [~4C~- 
adenine/ [ l lC]guanine  rat io being approx ima te ly  cons tant  t h roughou t  the exper iment  
at  about  I.~7. 

E/fe~: o/ aza-gttanin~ 0~ glycine incorporation 

To s t u d y  the effect of aza-guanine on the pa t t e rn  of incorpora t ion  of "1 iC]glycine 
the  organisms were grown in CGG med ium conta in ing  [laC]glycine as described above.  
After  20 rain growth  in this  medium,  aza-guanine was added  to a final concent ra t ion  
of 2o /~g/ml and samples were removed  a t  intervals  from the cul ture  for analysis .  
A second culture incubated  th roughou t  in the  absence of aza-guanine and  sampled  
under  ident ical  conditions,  ac ted  as control .  ] 'able IV shows tim effect of aza-guanine  
on the d is t r ibut ion of r ad ioac t iv i ty  in the  various fract ions of the  cells. The incorpo- 
rat ion of glycine into the "pro te in  z__ cell wall"  fraction ceased wi th in  5 mit~ of addi t ion  
of the analogue. As the  cell wall of B. subS ills R contains no glycine or serine and  as 
gtycine is not conver ted  apprec iably  to any  amino  acid o ther  t han  serine under  
these condit ions 2r, these results imply  an inhibi t ion b y  aza-guanine  of glycine 
incorporat ion into the protein f ract ion of the cell. Aza-gtmnine h a d  no detec table  
effect on the  incorporat ion of EvtC]glyeine into the  D N A  frac t ion  of the cells, a n d  
little effect, for the first 45 rain, on incorporat ion into  the  RNA.  The r ad ioac t iv i ty  
appear ing in the guanine,  however,  was depressed causing a progressive increase 
in the  .[~'C]adenine rat io and  aza-guanine appez~red in the R N A  bydro lysa te .  The  
change ixt ['-~C]adenine/[taC]guanine could result  e i ther  f rom a lowering of the  a m o u n t  
of guanine incorporated into the RNA or a differential  effect of aza-guanine  on the 
conversion of glycine to adenine and  guanine wi th in  the  cell. To decide be tween these 
two possibilities, the specific rad ioac t iv i ty  (t~C//,mole) of the  adenine  and  guanine  
in the RNA fractions prepared from a similar exper iment  was de t e rmined  and  the  

T A B L I ~  I V  

E ; F F E C T  O F  A Z A - G U A N I N E  O N  T t t £  D I S T R I B U T I O N  O F  R A D I O A C T I V I T Y  F R O . M  [ l l C ] G L Y C I N I ~  

I N T O  V A R I O U S  C E L L  F R A C T I O N S  O F  B a c i l l t t s  s u b t i l i s  R 

+ a z a  : a z a - g u a n i n e  a d d e d  ( 2 0  i t g / m l  f i n a l  c o n c e n t r a t i * m ) .  - -  a z a  : e q u i v a l e n t  v o l u m e  
o f  w ~ t c r  ~ d d c d .  S a m p l e  v o l u m e :  x . o  m l .  I n i t i a l  s u s p e n s i o n  d e n s i t y :  I 7 O  I t g  b a c t e r i a l  c e l l  d r y  

w e i g h t ] m l ,  

Protein : cell a'atf 
-l'iote COtt~|tS SBltl ,5a~tp]t.* 

leNA DN,4 

Total  incorporation 
courts. Olft*, sat)Jple [~IC]adcni;w [~:'C]guanine ¢ounts.min:'sampl¢ 

- - a z a  - - a z a  - - a z a  ~ a z a  
5 41  - -  3 I  2 9  - -  - -  
m o  8 8  8 3  6 6  7 1  ~ - -  

15  I 3 4  1 3 8  l o 6  l O  3 - -  - -  
2 o  ~ 7 3  [ 8 7  ~ 3 I  z 4  o 1 . 1 2  I . l o  

2 3  z z o  2 0 3  1 7 3  t 6 8  t . i o  1 . I  3 
3 o  2 5 3  2 0 7  l q  4 t 8 4  ~ . 0 8  1 . I  7 
4 5  4 0 7  1 9 6  3 o i  2 8 5  1 , 1 3  1 . 3 8  
6 0  5 4 8  2 1 3  4 2 0  3 9 7  1 . O 7  1 . 4 9  
9 o  8 z 2  2 0 4  6 0 3  5 1 5  - -  x . 6 3  

IXO ~ 1 7 o  1 8 8  9 4 3  6 8 7  ~ . I 2  2 . 0 2  
1 8 o  ~ 3 7 ]  1 9 o  l O Z  4 7 3 5  ~ . r 9  2 . 2 3  

. q  
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- - a z ~  + &za 

37 4 ° 
0 9  7 I 
7 4  8 8  
9 9  l o 4  

1 3 6  1 2 9  
J 6 7  x 4 5  
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results arc shown in Table V. The aza-guanine had littlu effect on the specific radio- 
ac t iv i ty  of e i ther  purine and, therefore, had no differential effect on the conversion 
of glyc.~ne to adenine  and  guanine in the cell. I t  has been shown above th~,t th~ 
format ion  of RNA under  these condit ions was only sl ightly affected by  aza-guanine 
dur ing  the  first 45 rain of incubation.  As the appearance ot rad ioac t iv i ty  from glycine 
followed a similar course, the  progressive change in the'[aaC]adenine/LlaC]guanine 
ra t io  m u s t  be due to a depression in the incorporatiort  of guanine in to  the  RNA of 
t h e  cell. 

Inc~.,rporatlo~t o/aza-gua~d.ne into RN. l  0 / B .  subtilis R 

Several workers~,L 2~ have repor ted  tha t  aza-guaninc can be incorporated in the 
place of guanine  into the RNA fract ion of a var ie ty  of organisms. The effects on RNA 
metabol i sm described above, toge ther  with tile appearance of aza-guani,ae in the  
R N A  hydro lysa tes ,  shows a similar process is l ikely in B. sttbtilis R. However,  the 
a m o u n t  of aza-guauine in the RNA hydro lysa tes  was found,  on analysis,  to he much  
more t han  would  be required to replace the guanine missing from the RNA (measured 
b y  the  depression of incorporat ion of rad ioac t iv i ty  from ~t'JC]glycine). I t  has been 
po in ted  out  t h a t  the levO of aza-guanine in R N A  hydro lysa tes  is not  a .+alid measure- 
m e n t  of the amoun t  incorporatecF". Aza-guanine is ex t remely  insoluble in acid 
solut ions and  any  free-aza-guanine precipi tated in the RNA fraction or adsorbed 
on the  surface would appear  as the free base on hydrolysis  in o.I  N HCl. In ~tn 
a t t e m p t  to avoid  this difficulty, RNA formed in the presence of aza-guanine was 
hydro lysed  in N K O H  to l ibe.ate the purine and  pyrimidine nucteotides.  I t  was 
impossible, however, to free thes~ hydrolysa tes  from salt and  the subsequent  sepa- 
ra t ion  achieved by ch roma tog raphy  in ~t-f~ttOH--ammonia was too poor to allow 
su[:ficiently accurate  es t imat ion of the aza-gtumylic acid iound in the hydrolysates .  

I t  7 Effeat o~ aza-gua~d~w o,~ the incorporatio~ o~ i~I.-[ Cjala~H~w, L-E14C]pheJ~y!ala~dne 
and L-[t+C ]l¢~cin~ 

To decide whether  the inhibi t ion by  aza-guanine of glycine incorporat ion into 

l -~e]exe~ tces  p .  3 4  o .  
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the  "pro te in  + cell wal l"  fraction reflected a general  inhibi t ion of amino-acid  in- 
corporat ion,  separa te  cul tures  were grown exponent ia l ly  in CGG m e d i u m  conta in ing  
~adioac t ive  l~L-alanine, L - p h e n y t a l a n i n e  a n d  t - l e u c i n e  t ' espect ively ,  A f t e r  zo  ra in  
i n c u b a t i o n ,  a z a - g u a n i n e  was  a d d e d  to  the  cu l tu re s  a n d  t h e  d i s t r i b u t i o n  of  r a d i o -  
a c t i v i t y  fo l lowed in s am p le s  r e m o v e d  a t  i n t e rva l s  for  ana lys i s .  A s e c o n d  series of  
enit,.tres, i n c u b a t e d  in the  absence  oi  a d d e d  t r ace r ,  a c t e d  as con t ro l s ,  Fig.  6 s h o w s  t h e  
resul ts  of  th i s  e x p e r i m e n t .  A z a - g u a n i n e  c o m p l e t e l y  b l o c k e d  the  i n c o r p o r a t i o n  of 
p h e n y l a l a n i n e  a n d  leucine w i th in  5 m in  of a d d i t i o n  of t h e  a n a l o g u e  ; t he  i n c o r p o r a t i o n  
of a lan ine  was  on ly  pa r t i a l l y  i nh ib i t ed  u n d e r  s imi lar  condition.~. As  the  cell wal l  of  
13. ~ubti l is  ~ c o n t a i ~ s  ak tn ine  b u t  no  pheny la tan . :ne  or  l euc ine  ~r, it is poss ib le  t h a t  
t he  a z a - g u a n i n e - i n s e n s i t i v c  i n c o r p o r a t i o n  of  ;tlanirte occu r s  i n to  the  cell wall.  
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]:ig'. Oa, 6b, 6c. !'fleet ~ ~za guanine; on incorporatioll of r,.'tdioactive L-phenylalanine (Fig. 6~), 
L-leuci~e. (l:ig. fhl>) and DL-alanine {Fig. ~m) into "protein + cell wall" fraction of B. subti~is R .  
(;n~wth medium: CG(; me4ium ~ 400 H.II amino acid. Aza-guaraine (AZA) ~o Hg/ml final con- 

centration, added where indicated. 
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Effect o/aza-guanine on cell wal l /ornmtion 

I t  has  no t  been possible to prelSare cell wall from Bctcillus s~bt~lis R b y  classical 
m e t h o d s ~ ,  -"9 a_~ rap id  au to lys i s  of the  wall  occurs  as soon ~s the  cell is broken.  However ,  
i t  has  been shown  t h a t  hea t -k i l l ed  cells of Bacilbu.s subt i l i s  R are  sens i t ive  to  the  
ac t ion  of egg-whi te  l y s o z y m e  'z a n d  S.~L'~ox z° has  shown  t h a t  th is  e n z y m e  is ~ble 
p a r t i a l l y  to  digest  cell wall p r e p a r a t i o n s  f rom severa l  .,~trains o f /3ac / / lus  subt i l is .  "D~e 

m a t e r i M  l ibe ra t ed  f rom hea t -k i l l ed  B. subtilis" R b y  egg-whi te  l y s o z y m e  c o n t a i n e d  
t he  a m i n o  acids Manine,  d i aminop ime l i c  acid a n d  g lu t amic  ac id  ~ t h  t races  of a spa r t i c  
ac id  a n d  va l ine  eT. T h e  main  component.~ of th is  wall agree  well wi th  those  f o u n d  b y  
CUMMINS AND HARIi lS  :~l in tL  s'ubtilis. 

T o  dec ide  w h e t h e r  DL-[xaC]alanine was i n c o r p o r a t e d  in to  the  cell wail  inl the  
p resence  of sufficient  a za -guan ine  to  s top  the  i n co rp o ra t i o n  of glycine,  p h e n y l a l a n i n e  
a n d  leue ine  in to  p ro te in ,  a cu l t u r e  was g rown  in the  presence  of r ad io ac t i v e  nL-aLanin.e 
as  desc r ibed  in the  p r ev ious  e x p e r i m e n t .  Af te r  2o rain in {iris med ium,  aza-guast ine 
was  a d d e d  a n d  sets  of  th ree  samples ,  t a k e n  a t  intervztls,  were fr~tct iouated as follows. 
Samp le  I wa.~ p r e c i p i t a t e d  wi th  5°o TCA at  4 -~ a n d  f r a c t i o n a t e d  in the  n o rm a l  w a y  
to  g ive  t he  " p r o t e i n  + .cell wal l"  t r ac t ion .  Samples  2 ~nd 3 were  h e a t e d  on a wa te r  
b a t h  a t  xoo ° for  3o rain, c e n t r i f u g e d  and  washed  twice  wi th  dis t i l led water .  The  cell 
pads  were  rosuspended  in 5.o ml  o.o6 34 Z~aeHPO~/KH2PO a buffer ,  p H  6.5, ~nd 
por t ions  r emoved ,  for  r a d i o a c t i v i t y  de te rmi r t a tkms .  Egg-whi t e  l y s o z y m e  zoo /zg/ml 
{final c o n c e n t r a t i o n )  was  a d d e d  to  sample  2 : a~ equ ivMent  v o lu m e  o / w a t e r  to  sample  
3, Ch lo ro fo rm (c.2 ml) was a d d e d  to each  sample  a n d  t h e y  were  s h a k e n  a t  37 o in 
s t o p p e r e d  t u b e s  fo r  24 h. At  the  end  ot  this  p~riod, the  digests  were  cen t r i fuged ,  
t he  pa ds  r e s u s p e n d e d  in 5.o ml wa t e r  and  samples  f rom this  ma te r i a l  And the  super -  
n a t a n t  f r ac t ion  r e m o v e d  for  r a d i o a c t i v i t y  de t e rmina t i ons .  Fig. 7 shows t h a t  all b u t  
a b o u t  l O %  of t he  a lan ine  i n c o r p o r a t e d  in the  p resence  of  aza -guan ine  was re leased 
f rom  the  p r e p a r a t i o n  b y  d iges t ion  w i th  egg-whi te  l y sozyme .  T h e  level  of  r a d i o a c t i v i t y  
a p p e a r i n g  in t h e - " p r o t e i n  + cell wal l"  f r ac t ion  a f t e r  boi l ing t h e  cells for 3o rain 
fo l lowed b y  i n c u b a t i o n  at  37 ° ove rn igk t  was a p p r o x i m a t e l y  t h e  same as tb.at in t h e  
" p r o t e i n  F cell wall '  f r a c t i o n  p r e p a r e d  b y  TCA f rac t iona t ion .  More  t h an  9 o % of 
t he  r a d i o a c t i v i t y  re leased  in the  hea t -k i l led  cell p r e p a r a t i o n  could,  be r ecove red  
in  t h e  soluble d iges t ion  p roduc t s .  

Fig. 7- Elfect of egg-white lysozyme on the 
r~dioactivity incorporated into the "protein + 
ce l l  w~ll" fraction of B. m~btilis I{ grown in the 
presence ~i" aza-guanine. Orowtk medium, CGC_r 
medium: Aza-guaraine (AZA) _,o /~glrnl ~,.dded at 
point indicated. C, culture inculntted in absence 
el aza-guanine ~tnd fraetionated by TCA method 
(see METHODS AND MATE:RIALS) ; I--], s~tmple~ l -  3 
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E ffc.at o I other i ~ M b i t o r s  o n  s y n t h e s i s  o / l y r i c  e n z y m e  

A n u m b 0 r  of c o m p o u n d s  kr town to  i n t e r f e r e  w i th  p ro t e in  o r  nucleic  ac id  m e t a b o -  
l i sm w e r e  t e s t ed  for  th.:i : ef fect  on  ly r i c  e n z y m e  syn thes i s .  T a b l e  VI  shows  t h a t  t h e  
c o m p o u n d s  kr town to  be  p o t e n t  inh ib i to r s  of p r o t e i n  syn thes i s  s (such as c h l o r a m p h e n i -  
col, a u r e o m y c i n ,  n e o m y c i n ,  t e r r a m y c i n )  all i n h i b i t e d  the  s y n t h e s i s  of  ly r i c  e n z y m e  
a t  or n e a r  g r o w t h  i n h i b i t o r y  ievels .  E t h i d i u m  b r o m i d e  i n h i b i t e d  ly r i c  e n z y m e  s y n -  
thes i s  i m m e d i a t e l y  a t  c o n c e n t r a t i o n s  as  low as  5 '  xo-n M .  D C D N S ,  a n d  t h e  r e l a t e d  
c o m p o u n d s  I a n d  I I ,  we re  a lso  inh ib i to r s  of  ly r ic  e n z y m e  syn thes i s ,  b u t  DCDNS 
inh ib i t s  the  a c c u m u l a t i o n  of  p ro l ine  w i t h i n  S .  a.ureus in a m a n n e r  s im i l a r  to  2 :4  
d i n i t r o p h e n o l  ( H A x c o c I q  p e r s o n a l  c o m m u n i c a t i o n )  a n d  m a y ,  t he re fo re ,  a c t  a s  a n  
u n c o u p l i n g  agen t .  C o m p o u n d s  I V - I X  (see METaODS .tXD ~taTErtlALS) h a d  o n l y  
feeble i n h i b i t o r y  ac t ion  on  lyr ic  e n z y m e  s y n t h e s i s  (Table  VI ) .  

T A B L E  V I  

A C T I O ~ ¢  O F  H O h l ~ -  I N P I I B I T O R . ~  O.N" S ' / d ' N " E t I E ,  S l g ;  O F  L Y T l C  ~ Z V M E  B Y  ] : J ' a c l ~ r h ~ $  s t tbHl is  . i  

C u l t u r e s  of  Daci t t t t s  s u b t i l i s  R g r o w n  e x p o n e n t i a l l y  i n  C G G  m e d i u m  w e r e  t e s t e d  fo r  t h e i r  a b i l i t y  
to iorm Ivtic enzyme with or withtmt inhibitor added at the concentrations as below. 

C~nccnlration Inhibition 

#g,'ml mM % 

Chloramphenicol 

A u r e o m y c i n  

Neomycin 
Terramycin 
8-hydroxyoquinoline 

Ethidium bromide 

DC l) N S 

Cpd I 

Cpd tl 

Cpd i i i  
Cpd IV 
C 1~<t V 
(-pd VI 
( 'pd VII 
('pal VII I  
{:pd IX 

I O  

3 ° 
I oo  

I o  
30 
1 0  

i O  

- -  6 9  
9 5  

- -  l e o  

- 5?  
I O O  

6 8  

--~ 75 
o.ot 8 3  
o.o3 95 
o . O o i  -.52 

%005 i o o  

O ,  I I O 0  

0.0.5 3 t 
0-5 7-i 
I . o  '~7 
o.5  2 7  
t .  0 # 3 
l ,O ( [  
J , (1  | {) 

( I . 2  I 2 

[ ) . 2  l | )  

{ : . ,2  I 7 
,:.,.. 2 2 3  

D I S C U S S I O N  

T h e  resu l t s  r e p o r t e d  a b o v e  agree  c losely  w i t h  t hose  r e p o r t e d  b y  SMITH AND 
M..vrTHEWS 3 a n d  MANDI=.I. '*,24 On the  m o d e  of a c t i o n  of 8 - aza -guan ine .  A l t h o u g h  t h e  
ana logue  c o m p l e t e l y  i n h i b i t e d  ly r i c  e n z y m e  format iow w i t h i n  xo rain of  a d d i t i o n  to  
t he  s y s t e m ,  i n c o r p o r a t i o n  of t he  a n a l o g u e  in to  the  R N A  f r a c t i o n  of t i le cells c o n t i n u e d  
for  a pe r iod  of u p  to  3 tl. L i t t l e  c h a n g e  in the  t o t a l  a m o u n t  of R N A  s y n t h e s i s e d  
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occurred during the first 45 rain and thes ercsult~ suppor t  the conclusion of CRE XSER az 
t h a t  aza-guanine ha_~ little in lmcdiate  effect on the  incorporat ion of ~'aC]uracil into 
the  RNA of S l a p h y l o v o s c u s  a~,reus incuba ted  in the prt:sence of sufficient aza-guanine 
to inhibit  inducible fi-galactosidase ~ynthesis. The results are not compatible,  however,  
wi th  the suggestion a~ t h a t  aza-guanine inhibits  the synthesis  of inducible enzymes 
but  has  marked ly  le.ss effect on cons t i tu t ive  enzyme h,rmation.  In  the s t ra in  used in 
these exper iments ,  g, 'owth inhibitory- concent ra t ions  of aza-guanine complete ly  
inhibi ted  lytic enzyme ~vnthesis together  with the incorporat ion of L-pt,enylalanine, 
L-leucine and  g.lycine into the protein fract ion of tile cells. No differential  effect of 
aza-guanine  a t  lower concent ra t ions  could be de tec ted  on these proce~se~; similar 
findings have  been reported recent ly  by  CHAN'I'REN RE A Y 1) DEVREUX 3"~, I t  seems likely, 
therefore,  t ha t  the p r imary  effect of aza-guanine is to inhibit  protein s3mthesis and  
*,he a m o u n t  of analogue itlcorpox-ated into the R N A  is not d i rect ly  related to this. i t  
is possible t h a t  the inh ib i tory  effect of the analogut.- is ex, ' r ted on ~ome.guanine-con- 
raining co-factor ;  the (~'I'P necessary for the sys tem repor ted by HO.XGL.~.XD el ,d. ea 
being an obvious candida te .  - 

Synthesis  of the bacterial  cell wall con t inued  in the presence of concentra t ions  
of a ~.a-guanine inh ib i to ry  towards  protein synti ,  esis. These results m'e similar to  those 
repor ted  recent ly  b y  R t ) G E R S  AN'D ~'I.~NDI.:LSF.X_Xt a~ and H.~NCOCK AND PARI,:  ~ w h o  

showed tha t  cell wall synthesis  in S t a p h y l o c o c c u s  a~treus cont inues  in the presence of 
concent ra t ions  of chloramphenicol  sufficient to inhibit  the incorporation" of amino 
acids into protein.  This suggests tha t  the synthesis  of cell wall and  protein  are not  
closely related processes in tim bacterial  cell. 

Several workers'Z, a° have repor ted tha t  the cell wall of B a c i l h t s  s~tblf l is  i~ only  
par t ia l ly  digested to soluble products  by  egg-white lyso~yme. Recent ly ,  ARMSTRONG 
el al .  3~ have  shown t h a t  about  half  the cell wall of B a c i l l u s  s u b t i l f s  consists of pol3maer 
conta in ing ribitol, glucose, a lanine and  phosphate  and  have ca red  this  substance 
" t d c h o i c  acid" .  About  lO% of the alanine incorpora ted  into B a c i l l u s  s ,ubt f l is  R in the  
presence of aza-g,mtfine was not released on digestion with  egg-white lysozyme. I t  
is possible t h a t  this  represents the es ter-bound xlanine of teichoic acid which is not  
sensi t ive to lysozyme digestion.  

The me thod  used above to locate alanine in the cell wall  of B a c i l l u s  s .ubt i l is  R 
m a y  be of more general  use in determining the composi t ion e l  cell wails from those 
species of bacter ia  from which pure cell wall canno t  be prepared by  classical tech- 
niques because of autolysis  on dizrnpt ion of the celi. The method  is most  applicable to 
organisms sensitive to egg-white lysozyme.  However,  enzymes capable of digest ing 
bacter ial  cell walls and  having  a different ac t i v i t y  spec t rum from egg-white lysozyme 
have been de tec ted  and  ,night  be used to remove cell wall mater ia l  f rom organisms 

-no t  sensit ive to tysozym<;. Fur thermore ,  a,s chl,~rampht'nieol, a t  growth- inhibi tory  
concentra t ions ,  will inhibit  protein but not celI wait s}l~thesis, rit could be used in 
the  place of aza-guanine.  
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