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The  E f f e c t  o f  C h l o r a m p h e n i c o l  A n a l o g s  o n  
Prote in  B i o s y n t h e s i s  in a Cel l - free  

Escherichia coli B S y s t e m  

A compar i son  of the  s t r u c t u r e - a c t i v i t y  re la t ions  of 
ch lo ramphen ico l  and  severa l  of i ts  analogs  t h a t  we h a d  
prev ious ly  syn thes i zed  h a d  led us to  a n u m b e r  of infer-  
ences r ega rd ing  t h e  s ignif icance of t he  var ious  f r a g m e n t s  
of t h e  ch lo ramphen ico l  molecule  ( aminopropaned io l  chain ,  
n i t r o p h e n y l  res idue a n d  d ich lo roace ty l  grouping)  in  t h e  
man i f e s t a t i on  of  i ts  an t ib io t i c  ac t ion  ~,2 

The  molecular  m e c h a n i s m  b y  wh ich  ch loramphenico l ,  
a specific inh ib i to r  of p ro t e in  synthes is ,  ac ts  is sti l l  n o t  
ve ry  clear3-5. H o w e v e r  i t  ha s  been  es tab l i shed  t h a t  t h e  
an t ib io t ic  does  n o t  i nh ib i t  t h e  syn thes i s  of aminoacy l  
S -RNA,  a p p a r e n t l y  ac t ing  on  s u b s e q u e n t  s tages  of p ro t e i n  
syn thes i s  invo lv ing  f o r m a t i o n  of t h e  p e p t i d e  chain% 
Chloramphen ico l  has  been  s h o w n  to  b ind  to  t h e  S-50 
r ibosome subunit~,s.  T h e  a t t a c h m e n t  is s tereospecif ic  like 
t he  an t imic rob ia l  ac t iv i ty  of ch lo ramphen ico l  a n d  i ts  in- 
h ib i t ion  of p r o t e i n  syn thes i s  in  a cell-free sys tem.  The 
s te reoisomers  of ch lo ramphen ico l  are incapable  of any  
such  effects.  

The  ob jec t ive  of t h e  p r e s e n t  work  was  to  inves t iga te  
t he  effect  of ch lo ramphen ico l  and  i ts  analogs,  d i f fer ing  in 
an t imic rob ia l  ac t iv i ty ,  on  the  incorpora t ion  of amino  acids 
in to  p r o t e i n  in a cell-free sys tem,  t h e r e b y  b r ing ing  the  
s t r u c t u r e - a c t i v i t y  s t u d y  closer to  t he  molecular  level. 

The s t u d y  was  carr ied  ou t  on ch lo ramphen ico l  and  its 
D- th reo  analogs  of t he  t y p e s  (I) .and (II). 
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(Ia) R = CHC1 a (ehloramphenicol) (lla) R = CHsSO ~ 
(Ib) R = CHBr, (IIb) R = NHsSO a 
(Ie) R = CH,C1 (IIc) R = CHaCONH 
(Id) R = CCI, 
(Ie) R = CH:CHCHCla 
(If) R = CH s 

The  an t ibac te r iM ac t i v i t y  of these  c o m p o u n d s  was  
de t e rmined  b y  the  serial  d i lu t ion m e t h o d  in l iquid 
s y n t h e t i c  n u t r i e n t  m e d i u m  °. The  p ro t e in  syn thes i s  in- 
h ib i t ing  a c t i v i t y  of t h e  an t ib io t ic  and  i ts  analogs  in  t he  
celt-free s y s t e m  was  e s t i m a t e d  b y  c o m p a r i n g  t h e  a m o u n t  
of label led amino  acid i nco rpo ra t ion  in to  t he  p ro te in  w i t h  
incorpora t ion  in t he  absence  of  the  s u b s t a n c e  undergo ing  
t h e  t e s t  ~0. All analogs  were  inves t iga ted  in  concen t r a t i ons  
of 0.048, 0.39, 3.13, 25 and  4 0 0 M .  10 -6, chosen  on t h e  

basis  of  t h e  fac t  t h a t  a t  t h e  lowes t  c o n c e n t r a t i o n  ch lor -  
a m p h e n i c o l  d id  n o t  inh ib i t  and  even  s t i m u l a t e d  p r o t e i n  
syn thes i s ,  and  a t  t h e  h ighes t ,  caused  95% inhib i t ion .  I n  
e v e r y  case a con t ro l  run  was  carr ied  ou t  w i t h  an  equi-  
mo la r  c o n c e n t r a t i o n  of ch loramphenico l .  The  resu l t s  of 
t he  e x p e r i m e n t s  are g iven in t he  Table.  
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lo The bacterial mass was prepared from 6 h E. coli B cultures in a 
medium of the following composition: HOTTINaER'S hydrolysate 
250 ml, glucose 10 g, NH4C1 1 g, yeast autolysate 25 ml, HsO to 
1 1, pH 7.5-7.8. Separation of the subcellular fractions was carried 
out according to NmENBERG u, Protein was determined according 
to LOWRY 1~. The washed ribosomes and the S-100 fraction 
(supernatant) each containing 1.5-2.0 mg/ml protein were incu- 
bated at 37 °C for 60 rain in medium of the following composition 
(M • 10-~) : Tris. HC1 100, MgCt~ 10, KC1 50, 20 amino acids, each 
0.05, GTP. 0.2, ATP i, PEP (K salt) 5, rabbit muscle PEPK TM 
20 ~,/ml, pH 7.8. W,L-phenylalanine-l-C 14 with an activity of 9.1 
mcu/mmole and uniformly labelled L-leueine-C 14 with an activity 
of 141 mcu/mmole were used as the tracer acids. After incubation 
the protein precipitate was freed of non-protein radioactive 
products according to SmEEVITZ 14, dissolved in 85% formic acid 
and applied to Whatman 3MM paper discs, the activities of the 
sample being determined in a liquid scintillation counter. 
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l~ The 50 and 100% inhibition of growth of E. coli B by ehloram- 

phenicol is caused by concentrations of 0.155 and 0.262 I~M]l, 
respectively. At concentrations of 0.048, 0.39, 3.13, 25 and 
400 l~M/1 chloramphenicol inhibits amino acid incorporation into 
protein, in the cell-free system by -- 4.12 :h 1.8, 15.1 ~ 3.2, 
61.8 + 5.1, 82.6 :~: 3.1, 92.5 :~: 1.4%, respectively. 

• 6 The positive sign indicates inhibition, the negative sign stimulation 
of incorporation. 

Compound Relative growth inhibition of 
E. coHBby 

50% 100% 

Relative inhibition of amino acid incorporation into protein in the 
ceil-free system of E. coli B concentration (/~ M/l) TM 

0.048 0.039 3.13 25 400 

(Ia) R = CHCla 
Chloramphenicol 1~ 100 100 
(Ib) R = CHBr a 88 30 
(Ie) R = CHsC1 25 25 
(Id) R = CCI a 18 I I  
(le) R = CH:CHCHCI~ 9 I0 
(If) R = CH s 0.6 0.5 
(na) R = CH3SO ~ 4 3 
(IIb) R = NH2SO ~ 0,3 0.3 
(Iic) R = CHaCONH 0.2 0.2 

--I00 i00 I00 100 i00 
+ 352 106 104 100 
+ 119 80 97 97 
--184 - 57 80 99 
-- 86 100 43 73 96 
--258 71 97 100 100 
-- 900 - 8 74 100 
--139 - 2 19 86 
- -  190 56 24 37 54 
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As one can see from the Table, all the analogs clearly 
inhibit  amino acid incorporation into protein in the cell- 
free system. However modification of the various parts 
of the chloramphenicol molecule affects differently the 
relation between the antibacterial activity of the anti-  
biotic and its inhibit ion of protein biosynthesis in 
ribosomes. In  type (I) compounds the difference in anti- 
bacterial activity observed between chloramphenicol and 
its analogs is much less strongly expressed with respect 
to protein synthesis in a cell-free system. Thus, compounds 
(Ic) and (If) which display only x/, and 1/170, respectively, 
of the antibacterial potency of chtoramphenicol, show 
almost no difference from the antibiotic in the ability to 
inhibit  protein synthesis (see Table). The analog (Ib) 
approaching chloramphenicol in antibacterial properties 
is somewhat more active in the cell-free system than 
compounds (Ia), (Ic) and (If). The analogs (Id) and (Ie), 
possessing antibacterial activity of the same order of 
magnitude as (Ic), and much inferior to chloramphenicol 
in this respect, inhibit  protein synthesis somewhat less 
than  the former compounds. 

I n  the series of analogs of type (II) all 3 of the com- 
pounds studied are less active in the cell-free system than 
chloramphenicol. Here, too, as in the type (I) analogs, 
the differences between the effects on protein synthesis 
in the ribosomes are much less than  the differences in the 
antibacterial activity. However, the type (II) compounds 
do fall into the same order with respect to both relative 
antibacterial activity and protein synthesis inhibition. 

These findings lead to the conclusion that  the acyl 
residue of chloramphenicol plays a more important  role 
in the penetration of the antibiotic into the bacterial 
cell, or in' the transformation of the antibiotic on its path 
towards the ribosomes, than in the actual interaction 
with the protein synthesizing systems. On the contrary, 
substi tution in the aromatic part  of the chloramphenicol 

molecule affects its interaction with these systems. This 
is indirectly supported by evidence from the recent paper 
of VASQUEZ x~, Who showed tha t  Ar-substituted D-three- 
analogs of chloramphenicol, including (IIa) and (lib) 
investigated by  us, compete with the antibiotic for the 
site of a t tachment  to the ribosomes. However, the more 
equalized effects of type (II) analogs on the cell-free 
system than  the differences in their antibiotic activities 
indicates tha t  the ni trophenyl part  of the molecule also 
plays a certain role in the penetration of the antibiotic 
into the microbial cell TM. 

BblBO)II,L CpaBHHTeSIbHOe H3yqeHHe aHTH6aKTepHa~bnofi 
aKTHBH0CTH aHanoroB xn0paM~beHHK0na Vl HX BY[HflHH~i Ha 
~HOCI4HTe3 6enKa B 6ecKYleToqHo~ CHCTeMe E.  cell noKasa~o ,  
qT0 alDLrlbHbL~ pa~nKa~ 3TOFO aHTH6HOTHKa HMeeT 3HaqeHHe 
AYI~I e ro  IIpOHHI<HOBeHH~ B MHKp06nyIo KIIeTKy, a apH.rlbHbl.~ 
p a A H K a n -  An~ B3flHM0~eHCTBH~I C 6e.q0KCHHTe3HpyioIL~e~ 
CHCTeM0.~. 
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Mass  Spectrometric  Determination of the 
Amino Acid Sequence in Argtnine-Containing 

Peptides 

Earlier 1-3 we showed that  the mass spectrometric 
method can be used for direct determination of the 
amino acid sequence in peptides containing residues of 
all the ordinary amino acids except arginine, which 
causes complications due to the specific behaviour of its 
guanidine grouping under the mass spectrometric con- 
ditions. Because arginine is a component part of many 
natural ly occurring polypeptides and proteins, in order 
for the method to assume a universal character, its ex- 
tension to include also the sequential analysis of arginine- 
containing peptides was highly desirable. 

Attempts to overcome the unfavourable effects of the 
guanidine grouping on the fragmentation of arginine- 
containing pepfides by its diacylation did not lead to 
positive results, bu t  two other possibilities proved to be 
quite promising. The first involves conversion of the 
arginine residue into an ornithine residue in the peptides, 
since the esters of N% N~-diacylated ornithinc-containing 
peptides undergo the normal amino acid type of mass 
spectrometric fragmentation 1 For this purpose the pep- 
tides could not  be incubated with arginase or subjected 

to alkaline hydrolysis, because this causes not only 
conversion of the guanidine residue but  also intensive 
cleavage of the amide bonds. On tile contrary, refluxing 
of the arginine-containing peptides with 20% aqueous 
hydrazine for 1/2-1 h leads to their practically complete 
transformation into the corresponding ornithine-contain- 
ing peptides. Although here also one may sometimes en- 
counter partial cleavage of the peptide bonds, the degree 
of cleavage is usually not very great and can be controlled 
chromatographically. This is illustrated in Figure 1, 
lower, by the mass spectrum of N%Ne-didecanoylor - 
nithylleucine methyl ester (1) prepared from arginyl- 
leucine by t reatment  with hydrazine under the above 
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