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whereas  u .v . - l ight  or mus t a rds  cause addi t iona l  damage  to funct ional  prote ins  to 
the  ex ten t  t ha t  renewal  is necessary prior  to  cont inued  D N A  synthesis .  

Al though B r U D R  is known to produce a p r i m a r y  effect on DNA,  there  is a 
cont inued  synthesis  of D N A  in B r U D R - t r e a t e d  E. coli which serves no a p p a r e n t  
purpose  for surv iva l  or cell division. This useless D N A  synthesis  wi thou t  concomi t an t  
cell division suggests t ha t  the inab i l i ty  of E. coli to survive in growth  med ium af ter  
exposure  to high concentra t ions  of B r U D R  is due p r imar i ly  to loss of D N A  funct ion 
ra the r  than  failure to produce DNA.  
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Electronic structure and activity of organophosphorus 
inhibitors of esterases 

The group of substances  known as the  "ne rve  gases" and  which m a y  be  represen ted  
b y  the general  formulas  

o o 
l i  il 

RO--P--X or RO--P--X 

I i 
OR' R 

where X is - F ,  - C N  or -O.CeH 4- NO 2 and  R and  R '  are a lky l  groups  (and where the  
O's  m a y  somet imes  be replaced  b y  N or  S) are h ighly  specific inhib i tors  of enzymes  
which possess esterase ac t iv i ty ,  pa r t i cu la r ly  cholinesterase and  ace ty lchol ines terase  1. 
Their  mode  of ac t ion bears  s t r ik ing s imi la r i ty  to the  first s tage of the  process of 
enzymic  hydro lys i s  of the  b iochemical  subs t ra tes  themselves :  the  subs t i t u t ed  
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phosphoryl group of the inhibitors is transferred to the enzyme with the resultant 
formation of a phosphorylated enzyme (analogous to the acylated enzymes formed 
in the reactions with biochemical substrates). The inhibition of the enzyme is due 
to the stability of its phosphorylated derivative, the active center being thus practi- 
cally permanent ly  blocked (for possible reasons of this stability, see ref. 2). 

The similarity of behaviour of the organophosphorus inhibitors and the bioche- 
mical substrates in the first stage of their interaction with the esterases suggests the 
existence of important  structural analogies between these two types of compounds. 

Now, it has been shown by  PULLMAN AND PULLMAN ~ that  practically all the 
fundamental  biochemical substrates undergoing enzymic hydrolysis have the common 
feature of undergoing this reaction on a ~-electron-deficient bond. In related series 
of substrates the ease of enzymic hydrolysis seems to be the greater the greater the 
electron deficiency of the susceptible bond. 

Calculations carried out for representative organophosphorus inhibitors show 
tha t  the hydrolysable bond of these compounds has the same ~-electron-deficient 
character as the analogous bonds of the natural  substrates (Fig. I). This situation 
accounts largely for the observed similarity in the first stage of the interaction of 
these two types of compounds with the enzymes. 
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Fig. I. Formal positive charges on the hydrolysable bond of the organophosphorus inhibitors of 
esterases (Et = ethyl, Isp = isopropyl, R = p-nitrophenyl). 

Moreover, it may  be remarked that  the inhibitory power of related organo- 
phosphorus derivatives seems to parallel the value of the positive charge on the P 
atom. Thus, following ALDRIDGE ¢, 5 the inhibitory power increases in the series E 605, 
S-phenyl isomer of E 605, E 600 or when passing from mepafox to DFP. This result 
may  probably be considered as indicating that  when other conditions, especially 
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the steric ones, are similar the inhibitory power depends essentially on the affinity 
of the P atom for an electron-rich center of the enzyme. 
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Interaction between perfluoro-octanoic acid and the 
fibrous proteins keratin and collagen 

KLEVENS and others 1-3 have examined the interaction of perfluoro-octanoic acid 
(CTF15COOH) with bovine serum albumin. They claim that  the F - C - F  groups in 
the PFO replace some water at hydration sites in the protein structure and enter 
the hydrogen-bond network. Further  it is claimed that  these F - C - F  groups can 
act as bridges between protein chains. The intelaction of PFO with keratin and 
collagen fibres has now been examined by the authors. 

Wool fibres (Corriedale) were placed in a saturated aqueous solution (about 
0.023 M) of PFO at room tempera tme (20°). These fibres were examined at regular 
intervals of time for length and birefringence. After 30 days the fibres appeared to 
reach a stable contraction of about 4 %- At this stage load-extension curves of the 
fibres showed a complete disappearance of the initial high-modulus Hookean region 
of the normal load-extension curve of an undamaged wool fibre in water. The fibres 
acted mechanically in a very similar manner to a supercontracted fibre in conc. 
LiBr. The X-ray diffraction pat tern of the wool fibres at this stage showed a dis- 
appearance of the 5.1 • meridional arc and a weakening of the 9.8/k equatorial 
reflection with an increase in the amount of "arcing" compared with the X-ray  
diffraction picture of an undamaged fibre. Continuous washing in distilled water 
over periods up to 7 days gave no noticeable reversal of either the mechanical 
propelties or the X-ray diffraction pattern. I t  appears that  the PFO has penetrated 
both the matrix and microfibrillaz structure of the wool fibre. Extensive washing in 
water is not able to remove it from the portion of the wool structure responsible for 
the X-ray  diffraction pat tern and the mechanical properties when wet, namely the 
microfibrils 4. The PFO has disorganized the ~-helices probably by  taking part  in 
the inter- and intra-chain hydrogen bonding. The inter-helical distance appears to 
be preserved although there is some disorganization indicated by the change in the 
9.8/k equatorial reflection. 

Wool fibres placed in a PFO solution in D20 at room temperature for 30 days 
and subsequently washed in DaO showed a complete hydrogen to deuterium exchange 
of the hydrogen in the amide - N H  (detection technique described by FRASER AND 

Abbrev ia t ion :  PFO,  perf luoro-octanoic  acid.  
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