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Chloramphenicol, nucleic acid synthesis and mutation 
induced by ultraviolet light 

Several  recent  findings 1,2 suggest  t ha t  D N A  synthesis  is the  te rmina l  event  in u.v.- 
induced mu ta t i on  in bacter ia .  Muta t ion  expression follows closely the ini t ia l  synthesis  
of D N A  in the  cul ture  following u.v. exposure.  Fur the r ,  o ther  studies a G have shown 
tha t  pos t - i r rad ia t ion  t r ea tmen t s  blocking R N A  or pro te in  synthesis  (i.e. incubat ion  
wi th  6-aza-uraci l  or chloramphenicol)  are effective in lowering m a r k e d l y  the  mu ta t ion -  
f requency response to u l t rav io le t  light.  Various inves t igators  7-9 have  demons t r a t ed  
t ha t  b lockage of R N A  or pro te in  synthesis  delays the  recovery of D N A  synthesis  
in u .v . - i r rad ia ted  bacter ia .  I t  has recent ly  been suggested b y  LIEB 1° t ha t  chloram- 
phenicol  reduces m u t a t i o n  f requency in bac te r ia  b y  delaying D N A  synthesis.  

This quest ion was inves t iga ted  th rough  studies of u .v . - induced reversion to 
p r o t o t r o p h y  of the  t ryp tophan- requ i r ing  auxot roph,  Escherichia coli s t ra in  WP2.  
The techniques used have been previously  described'% 6. 

Table  I demons t ra tes  tha t  when chloramphenicol  is added  to the  incubat ing  
cul ture  immed ia t e ly  after  i r rad ia t ion  there is a reduct ion in the  expec ted  induced 
m u t a t i o n  f requency to a min imal  level within 2o min. However ,  this  t r e a tmen t  has  
no effect on subsequent  D N A  synthesis  in the culture.  Therefore,  the  content ion  10 
t ha t  chloramphenicol  causes a lowered muta t ion- f requency  response th rough  de lay  
of D N A  synthesis  does not  appear  plausible.  I t  appears  more reasonable  t ha t  b lockage 
of pro te in  synthesis  p romotes  an active "muta t ion - f r equency  decline" process as 
prev ious ly  suggested b y  us a, ~. 

TABLE I 

EFFECT OF CHLORAMPHENICOL ON MUTATION FRI~QUENCY AND ON 

SUBSEQUENT ])~X~A SYNTHESIS 

Prototrophs per 
Time (rain) with x o ~ surviving Relative amount DNA with incubation (rain) 
chloramphenicol* auxotrcphs 

(75 min)*~ 45 60 75 9 ° 

o 112 I.I 1.5 2.1 2. 7 
20 20 I.I 1.5 2.I 2.6 

* After u.v. exposure the bacteria were suspended in growth medium containing 2o #g/ml 
chloramphenicol. After the indicated period of incubation the bacteria were rapidly centrifuged 
out of this media, resuspended in fresh media without chloramphenicol and incubation continued. 

** Between 2o and 8o min the mutation frequency does not vary. 

We have demons t r a t ed  6 t ha t  the loss of sens i t iv i ty  of po ten t ia l  mu ta t ions  to 
the  chloramphenicol  p romoted  "muta t ion - f r equency  decl ine" process is corre la ted  
with  ini t ia l  doubl ing of R N A  in the culture.  We  have des ignated  5 this  loss of sens i t iv i ty  
" m u t a t i o n  f ixat ion".  Table  I I  demons t ra tes  t ha t  a re la t ion exists  between the amoun t  
of pos t - i r rad ia t ion  R N A  synthesized at  the  t ime of chloramphenicol  addi t ion,  the  
re la t ive  ra te  of D N A  synthesis  in the presence of chloramphenicol  and  the muta t ion -  
f requency response observed upon plat ing.  Recovery  of the capac i ty  to  synthesize 
D N A  after  u.v. exposure is re la ted  to the  ini t ia l  pos t - i r rad ia t ion  doubl ing of R N A  
in the  culture.  Apparen t ly ,  the  necessary R N A  and pro te in  mus t  be formed prior  

Abbreviations : 1RNA, ribonucleic acid ; DNA, deoxyribonucleic acid ; u.v., ultraviolet light. 

Biochim. Biophys. Acta, 4o (196o) 375-377 



3 7  0 P R E L I M I N A R 5 7  N O T E S  

to c h l o r a m p h e n i c o l  add i t ion  in o rder  for D N A  ~:o be replicate(]  v, i th  eonseque,~! 

e s t a b l i s h m e n t  of m u t a t i o n  in t he  genome.  W h e r e  dsis manda tor ,7  t;?N:x ~,nd proteJis 

syn thes i s  has  not: eccu r red  pr ior  to chlora~ssphenicol add i t i on  t}se pot<~v.iality fo~: 

m u t a t i o n  is lost,  p r e s u m a b l y  t h r o u g h  l:he ac t i ve  decl ine  process,  

TABLE II  

RELATION BF~T'N'GEN "~q'UTATION F I X A T I O N " ,  TI~rE AMOUNT OF ]~NZl'~ S'YNTHI,2SIZtfD PRIO}~ "[O 

Ct tLORAMPHENICOL ADDITION AN]) SUBSEQUENT RAT]; OF DNA SY);XHGSJS IN "r~I£ 

PR]?.SENCE OF" CHLORAMPJ~ENtCOL 

Df~'A synG:~.s¢:s "~* 

T i m e *  o f  3 lugag¢on fi.ga;gic~'* R N A  *** 
c h l o r a m p h e n i c o l  o/ 

a d d i t i o ~  ( r a i n )  /o ~izcrea,~e i n  % . . . . . . . . . . . . . . . . . . . . . . .  "a~: i n  

6o  ),¢) go  9 "  , ]do;'amp/:c* icoi 

o ] 6 .  7 o z . 0 6  ~ . o 2  ~ . 0 8  ~ . o o  o 

3 ° 22.2 I7 i . I2 ~-~'9 1.24 , 33  2o 
4 ° 32.9 36 ~ .i8 i .24 1.43 J-.53 4 ° 
5 ° 61~3 63 ~.!8 ~.38 ~.58 ~.77 62 
60 93.6 Io2 ~ .23 ~-55 ~ .87 :~.o6 97 

* After u.v. exposure the cells were diluted into growth media and hlcubated. ChtorampJ~e~dcoJ 
(2o/tg/mI) was added at the i~?dicated time. All times meastwed from start of i>c~bati~-n follov, h~g 
u.v. exposure. 

** Mutatio~ frequency afzer incubation for 45 min in chloramphenicol (a period of t ime s~ffieie:~ t 
to eliminate all chloramphenJcol-sensitive mutations) expressed as per cent of ma.xiJnu~s freq~ ency. 

*** DNA synthesis in il~e presence of chloramphenicol RNA formed prior io chlora~r;pimnieol 
addition. 

B l o c k a g e  of D N A  syn thes i s  du r ing  the  " e h l o r a m p h e n i c o !  eha! tengc"  per iod 

has  no effect  on the  mnta . t ion f r e q u e n c y  obse rved  ~. This  f inding i:~ conf i rmed  by  us,: 
of 6-aza-urae i l  i n s t e ad  of c h l o r a m p h e n i e o l  as the  "mntat ion-chal lengi~g '~ age~,t. 

6 -aza-urae i l  b locks  ne t  R N A ,  pro te in  and D N A  syn thes i s  b u t  g~ves an  ide:qtical 

" m u t a t i o n - f i x a t i o n "  e~arve to t h a t  d e m o n s t r a t e d  b v  ch lo ramphcnfcoUL Tinus t l >  ~ 

h y p o t h e s i s  r e c e n t l y  pre~:ented b y  LIEB ]° t h a t  the  a m o u n t  of D N A  syn thes i s  occu r r ing  
in t he  p resence  of ch ]o ramphen ico l  in 60 rain is s igni f icant  in deternqJ;~ing " m ~ t a t i o n  

f i x a t i o n "  appea r s  to be w i t h o u t  va l id i ty .  I t  is e v i d e n t  t h a t  t he  acquisition? of @ c  

c@aci O, to  syn thes i ze  D N A  r a t h e r  t han  D N A  syi~thesis is i n v o l v e d  in " m u t a t i o n  

f i xa t i on" .  Fo l lowing  u.v.  exposure ,  t he  syn thes i s  of R N A  and pro te in  endows  the  

b a c t e r i u m  wi th  the  c a p a c i t y  bo th  to t  D N A  syn thes i s  and m u t a t i o n  i~lduction. T h e  

n a t u r e  of t he  func t ion  oI the  R N A  and pro te in  in gene t ic  replication: and pa~ta t iona!  

change  r ema ins  to be de t e rmined .  
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6-1-1ydroxylation, the major metabolic pathway for melatonin 

LERNER et al. z-4 have demonstrated the presence of a melanocyte-contracting 
substance, melatonin (N-acetyl-5-methoxytryptamine), in bovine pineal glands and 
in the peripheral nerves of man, monkey, and cattle. AXELROD AND WEISSBACH 5 

found a methyl transferase in pineal glands which can O-methylate N-acetylserotonin 
to melatonin. Little is known about the metabolic fate of this hormone in the body. 
Although LER~'ER et al. 6 have demonstrated 5-methoxyindole-acetic acid in bovine 
pineal glands, the origin of this compound is uncertain. 

In order to study the metabolic fate of this hormone, I2-14CImelatonin was 
synthesized from [2-14CJserotonin, and administered intraperitoneally to albino 
male rats and the urine collected. Chromatography of the urine on Whatman No. I 
paper in isopropanol-5 % ammonia (8:2) and subsequent scanning for radioactive 
peaks indicated the presence of at least three radioactive compounds (RF : o.14, 
0.54 and 0.75) the second peak (RE : 0.54) containing about 80 % of the excreted 
radioactivity. Only two peaks (Rr ~ o.25, 0.80) were found in butanol-acetic acid- 
water (4:1:1). None of the peaks had Rr ' s  corresponding to melatonin, 5-methoxy- 
tryptamine, or 5-methoxyindoleacetic acid. A similar distribution of radioactivity 
was found on chromatography of the urine of rats which had received I14C-methoxy] - 

melatonin or [ S H - a c e t y l j m e l a t o n i n  intraperitoneally indicating that  the major  
metabolites retained both the 5-methoxy and the N-acetyl groups. 

After the administration of a large dose of melatonin (20 mg), chromatography 
of the urine and spraying with Ehrlieh's reagent indicated the presence of two 
indolic compounds, having the same Ri~'s as the first two radioactive metabolites in 
the isopropanol-ammonia system (RE ~ o.14, 0.54). These observations indicated 
that  the a-position of the indole ring was unsubstituted. Hydrolysis of the eluted 
major component with a sulfatase preparation (Gluculase, Endo Products, N.Y.) 
in the presence of an antioxidant (ascorbic acid) or under N 2 resulted in the formation 
of a compound having a different R r  in butanol-acetic acid-water (4: i : I) [RE ~ o.67!. 
No change in Rl~ followed treatment with bacterial fi-glucuronidase (Sigma Chemical 
Co., St. Louis). The hydrolysed compound reacted with diazotized p-nitroaniline 
to form a purple-colored derivative indicating the presence of a free phenolic group. 
Both hydrolysed and unhydrolysed metabolites gave red-colored compounds with 
acidic diazotized sulfanilic acid, the compound containing the free phenolic group 
reacting more rapidly. This reaction is characteristic of 6-hydroxyindoles and their 
sulfatesT, s. Additional evidence for the identity of this metabolite as N-acetyl- 5- 
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