
lction-11. lxxxmsc it has 1)ce.n o1)taiiietl from extracts of disrupted, 
washed orgaiiisiiis. ’. .’ Tlic tc mic substance in washings froni H .  
/vrtic.s.si.s seeiiis t o  I,c aiiaI~goiis t o  that obtained by Zinsser and by 
Parker’ from ;I variet! o f  other organisttis and called by them the 
“S-substance.” 

111 I € .  pcrtzi.s.sis washings othcr conipoiicnts, such as a heat-stable 
factor, an agglutinogcii, and tlcrivatives from the culture niediurii, 
arc‘ no doubt preseiit i i i  yaryiiig mioiiiits. That a specific soluble 
su1)stancc cotiltl hc reiiiovtyl 1))- \vasliiiig the organisms with saline or 
ivater has h w t i  clciiionstratccl 1)y 14 iller:-’ 

The chemical coin1)ositic 111, tlic aiitigeiiic l)roi)erties and the effect 
o f  the tosic ivasliiiigs ii1)oii 1,1( ) ( ) ( I  leucoc>-tes are interesting points 
i i o w  1)eiiig stutlicd. 

- \  licat-kiI)i1c su1)staiice. toxic fot-  young mice has 
1)eeii ohtaiiictl 1)y \vasliiiig s;us;l)ciisiotis oi freshly isolated strains 
oi / l i ~ u i o / d i i l i ~ . c  ~c~rt irss is  \ v i t h  O.S.5 ‘i/r SaCI  solution. Both the letlial 
a i i t l  the skill-react iiig fact( )rs ( ) t ’  the toxic substance can be iieutralized 
19- antitoxin h i t  iiot 1)y aiiti1);ictcriaI rahhit sera. 

.j*iiiiiiiitii-y. 
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Non-Specificity of Sulfonamides. 

Thc notion that inrlivitlual iiicnihers o f  the sulfonaniide series 
are specific for certain bacterial species is widespread, although 
contrary to the most widcly acccpted hypothesis o f  the niode o i 
sulfonaniide actioii. The follc wiiig experiments serve to clarify 
this point : 

Staphylococci were grown o i l  Knight’s medium modified by 
I;ildes, et (7Z. ,’ aiitl Eischcriclr icr coli on the asparagine-glucose-mineral 

3 Evans, E. B., and Maitland, TI. R., .I. Path. anti Bact., 1937, 45, 715. 
:: Plosdorf, I+;. W., :ind h’imblc, A. C”., J .  In?~m?io l . ,  1940, 30, 475. 
4 Zinsser, IT., I h l w s ,  ,J., :ind Fotlicirgil I ,  T,., Z n n ~  titi i ty  Principles and Applica- 

5 Niller; .I. J., I’Bw~.  Sot‘. Em.  H~or,. n s n  MLD., 193i-38, 37, 45. 
1 Bililrs, l’., Ric.linrdson, 0. M., Knight, B. (:. J. G.,  and Gladstone, Q. P., 

tlo,i in Mcdicinr u n d  Publ i c .  Z I ( . r i l t k ,  TIw J’l;lc1~lill:in GI., X‘em Pork, 1939, 78-101. 

Brit. J .  E z p .  Puth., 1936, 17, 481. 
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TABLE I. 
Concentrations of Su1fon:imides Permitting Maximum Growth. 

__ __ - - - - 
Sulf anilamide 
Sulf aguanidine 
Sulf ap yridinc 
Sulfacetimide 
Sulf adia zine 
Sulfa thiazole 

Knight 's medium 

14.0 15.0 
15.0 16.3 

3.0 2.9 
2.0 3.8 
. (i .(i5 
.3 

. - - - ___  -. - - 

MacLcod 's medium 
E .  coli 
mg% 
5.8 
5.8 

- - - ._ - - - 

.cil 

.57 

.06l 

.062 
. . -  - 

salts medium suggested by ?1ZacLeod.2 From a 24-hour culture 
one million washed cells per nil were inoculated into a flask. The 
flask was incubated at 37°C for one-half hour to permit adjustment 
to the coiiditioiis of culture before the iiioculated nietliuni was dis- 
peiised into pyrex tubes containing the drugs. Thus all variations 
as to strain resistance, size of inoculuni, and condition of the 
niedium were eliminated. The tubes were iiicuhated and growth 
was followed by electrophotometric turbidity measurements. 

Table 1 gives the results of experiments carried out with Stnph$- 
ococcu.7 ( I I L Y C Z ~ S  and E. coli. W e  used as a conveiiient end-point that 
concentration of sulfoiianiicle which perniitted one-half maximum 
growth after 16 hours. In this manlier the six sulfonamides are 
divided into pairs according to their effectiveness. This order of 
potency is not affected by the species of organism or by the medium. 

The molecular ratio of the antagonistic pair, p-aminobenzoic acid 
and sulfanilaniide, has been the subject of several investigations.3 It 
has been pointed out that this ratio is merely a ineasure of their 
respective afinity for the unknown receptor site in the organism. 
If this view is acceptable, then a detailed investigation of these ratios 
should yield useful information OM the general niechanisni of sulfona- 
inide action. 

Our experiments indicate that these ratios can be used as sensi- 
tive and reproducible criteria for the effectiveness of sulfoiiaiiiides. 
In such studies oiie sul fonainide concentration m7as employed and a 
range of p-aniino beiizoic acid concentratioiis were added to periiiit 
estiiiiation o f  the level restoring growth to the half maximum. Data 
in stipport of this procedure are presented in Table TI, using oiie 
iiiillioii E. coli per nil. 

2 MacLeod, C. M., J .  Exp. X e d . ,  194n, 72, 217. 
3 W o o d ~ ,  D. D., Brit. J .  E s p .  Path. ,  1940, 81, 74;  Lockwood, J .  R., Sur.9. 

Cynccol. O b s t ~ t . ,  1941, 72, 307 ; Wyss, 0.) PROC. SOP. Nxr. SIOT,. AND M ~ ~ . , 1 9 4 1 ,  4s1 
122; Strauss, E., Lowcll, F. C., and Finland, M., 8. U i n .  Invrst.. 1941, 20, 189; 
Spink, W. W., and Jrrinsta, J., PRW. Hoc. Flsr. RIOT,. A X D  Mm., 1941, 47, 395. 



TABLE 11. 
Kff ect of Conwntrntion of Sulfonamide on Sulfonamide-p-Aminobenzoic Acid 

Ratio. 

Sulf onnmide nlg % P.A.B. mg% * Molar ratio 

Sulf anilamidc 
? ,  

, l  

9 )  

Sulf athinzolc 
9 )  

l t  

7 1  

.OS 
-05 
.03 
.010 

.1 

.02 

.007 

> .- 

2000 
1600 
2000 
SO00 

97 
27 
27 
2 3 

*Concentr:ition rcquircd to rcaHtorc growth to ?h maximum. 

The molar ratios of tlic aiit;igonists are constant for a wide range 
o f  conceiitratioiis 1)rovidc.tl that  sufficient excess is eniployed in 
order that tlic iiativc st11 ic )ii;tniide iiilii1)itor lmsent in the inoculunl 
cloes iiot iiitro(Iucc. ;in alq)rcciahIc error and provided that the con- 
cciitratioii is i i o t  so exccs.i;i\.c ;is to affect the pliysiologic properties 
o f the ni c tl i ti I i 1 s ig i i  i fi cat i t 1 J- . 

The effectivciiess o i  tlicsc sul ioiianiitlcs, determined in terms of 
their efficieiicy iii oycrcoiiiiiig p-aiiiinol)ciizoic acid, is shown in 
Table 111. 

Froin the t'aiige o i  p-ainiiiol,cnzoic acid concentrations eniployed 
the level required to restore growth to the half inaxinium was esti- 
mated and the tiiolar ratios o f  sulfonamide to inhibitor were coni- 
puted. The similarity of the absolute values (columns 3 and 6) 
may be forttii toils, Init tlit. closc agreement of the comparative 
cficiencies ( coluriiiis 1 m t l  7 

.-\ study oi this ratio. miiig two widcly differing sulfonamides. 
was estendctl to other orpiiiisnis. Stcrpdzylococczas crztrcus and Pro- 
tciis vulgaris wrc '  grown on Knight's inedium, and Lactobacillus 
t7.cidophiZu.r on a i-liodificatioii o f  the mcdiuni of Snell and Mitchell4 

is highly significant. 

TABLE ITT. 
Sulfonamide ETicicncy in Knight 'Y Medium. 

Staph.  nureus 33. coli 
7--- -7 I 7 

Molar ratio Molar ratio 
Drug mg% P A B  mg%* Drug/PAB Efficiency PAB mg%* Drug/PAB Efficiency 

Sulfanilamide 50 .OOS6 4660 1 -013 3330 1 
Sulf aguanidine 50 .0071) 4s70 1 .OOS1 3960 .8 

Sulf acetimide 5 .0060 .534 !I .0060 534 6 
Sulf adiazine 5 .030 9s 51 .064 43 78 
Sulf athiazole 5 .050 53 88 .065 41 81 

Sulf apyridine 5 .0066 416 11 .0061 450 7 

*Concentration restoring growth to y' maximum. 

4 Snell, E. E., and Mitchell, II. K,, Proc. Nat. Acad. Sci. US., 1941, 27, 1. 
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74 
78 
88 
73 
72 
CiO 
'73 

to which we added a small amount of etlier-extracted yeast-extract 
iii place of the purines. The other organisms were grown 011 Mac- 
Leod's medium. The results in Table IV indicate that the efficielicy 
ratio of the two drugs in counteracting the effect of p-arninobenzoic 
acid is strikingly constant 

These data demonstrate the absence of specificity with respect to 
any of the 7 organisms. A inodificatioii of the experiment outlined 
in Table IV using E.  coli and sulfanilamide and sulfathiazole, showed 
that this relation also obtained when the coniparative efficieiicy was 
deterniiiied by plate counts after 2, 4, and 8 hours' growth. Sim- 
ilarly, i f  peptone was used as inhilitor, the same efficiency ratio held. 

Specificity, of course, can he demonstrated uncler special condi- 
tions. For example, as pointed out hy Ih- fn ian ,  ct (71.,mi an addi- 
tional inhibition by sulfapyridine is oliservetl when organisms sensi- 
tive to iiicotinaniide deficiency are studied in  a nictlium low in that 
growth factor. Differences in solubility characteristics, absorption. 
penetration, niainteiiance aiid excretion are also valid practical cliar- 

the clinical aspects of this prohleni. Our data, howc.ver, refer to the 
fuiidameiital aspects of the action of sulfoiianiicles upon growing 
bacteria. 

This view is a generalization of one aspect of this prohleni pre- 
sented by one of us" previously. 111 a wide variety of organisms. 
the receptor site in the bacterial cell is the same a i d  the difference 
in effectiveness between the inenibers of this series is a characteristic 
of the iiidividual sulfonamide and not the species of organism 
iiivolved. 

The molar ratio of p-amitiobenzoic acid to sulfona- 
niide required to restore a sulfonamide-inhibited inoculuni to half 
maxinium growth was determined. Using this ratio as a criterioii 
for the effectiveness of the various sulfonamides. iio evidence of 
specificity was found. 

acteristics of these derivatives which have ail iniportant 1)earinG CJ 011 

Sirw 1 i ~ r y .  

*? norfinan, A, Rice, L., Koscr, S.  A., and Saunders, P., PROC. SOC. EXP. BIOL. 
SKD IIED., 1940, 45, 750. 


