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Although 4 :4'-diaminodiph enyl sulfoll e (D DS) ami its derivatives 
were fir st employed for the treatment of tuberculo.sis and have long 
been used for the treatment of leprosy, compamtively little attelltio.n 
has been given to their mo.de of action o.n the mycobacteria. The dearth 
of information is due in part to the evolution of more satisfactory 
drugs for tuberculosis, and in part to the fact that Mycobacterium 
leprae has not been cultivated in vitro. Although the usual techniques 
for the investigation of drug action cannot be applied to the leprosy 
bacillus, at least two means are available for gailJing insight into the 
probable effects of therapeutic compounds in this disease. 1. 'While ther e 
may be differ ences in the mechanisms whereby a compound rna T exert 
bacteriostatic or bactericidal action on unrelated c.Jasses of micro
organisms, the differ ent species of the mycobacteria share man y fun
damental processes. Studies on the action of antileprosy drugs on cul
tivable mycobacteria, ther efor e, may afford clues concerning the 
alterations induced in M. leprae. 2. Meanwhile, methods are being 
developed for comparing the properties of the leprosy bacillus in un
treated and treated patients, without necess ity of cultivating the bacil
lus in v itro. 

This paper describes the in vitro effect of DDS on the oxidative 
metabolism and the r eproduction of certain r eadily-propagated myco
bacteria. Although it has been suggested that some of the substituted 
derivatives of this compound are effective in leprosy without breaking 
do.wn to. the parent sulfone (5), an under standing of the actio.n of 4 :4'
diamillodiphenyl sulfo.n e seems a prer equisite to further study. 

In order to. ascertain whether the action o.f DDS might interfer e 
primarily 'with ener gy transfo.rmatio.ns or, o.n the co.ntrary, with other 
processes essential to. gTo.wth, advantage was taken o.f certain proper 
ties of myc'o.bacteria which grow rapidly. A saprophyte (M. phlei ) and 
a patho.gen fo.r frogs (M. ranae ) wer e cho.sen for the following r ea so.ns. 

1 The authors a re indebted to Dr. Clark e T , Gray f or hi s pa rt icipa tion in the ea rly 
ph ases of this work, 

2 F ul bright Fellow, 1953-1954. Present ad dress : Th e Roya l College, P. O. Box 30197, 
Nairobi, K en ya.. 

3 New address : J ohns Hopkin s-Leona rd Wood Memori a l Lep rosy Resea rch Labo ratory, 
Department of P athobiology, J ohns Hopkins School of H ygiene, 615 No. Wolf e Street, Bn lti 
more 5, Ma ryland. 
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1. ~('h eir ability to oxidize rapidly a broad variety of substrates could 
permit sensitive indication of pathways which might be impeded by 
DDS. 2. ':Cheir ven;atile use of simple substrates for growth could be 
blocked only by interference with a fundamental process. 3. The high 
frequency of mutants exhibiting r esistance to isonicotinic hydrazide 
and streptomycin offered maximal likelihood of obtaining DDS
resistant mutants which might differ sig·niflcant.ly from the parent 
organ I sms. 

'I'he evidence accumulated thus far indicates that the action of DDS 
is not expr f'ssed (as in the case of isonicotinic hydrazide and strepto
mycin) by an interference with energy-yielding processes. A point of 
particular interest is that the growth-limiting action of DDS, although 
reversible and relatively iJl efflcient, interferes with synthesis in a 
manner which is not ci rcumvented by exceptional capacities to produce 
mutants. 

M AT ERTALS AND ME1;HODS 

Myrobact ej·ia.- The HMS stl'nin of 11'[. phle·i, and the Trudeau strain of M.. !'anrle: 
stock cultures on agar slants. . 

Ba sal media.-Basal media for growth curves and suspended inocula contllined 
(grams/ liter) : K 2HP042, MgS04 0.015, FeS04 0.0015, Difco purified casalllino acids 15, 
glucose 9, fumaric acid 1 (neutralized with alllmonia), phenol red 0.02; also 3 cc. per liter 
of a 10 pel' cent solution of Tween 80. The fi nal pH was adjusted to 7.0. To this base, 
1.5 pel' cent aga r -agar was added to prepare plating media. In studies on pH the 
phosphate usrd above was rep la ced by a Na2HP04 - KH2P04 mi xture at a final molal' 
concentration of M/ 30. 

DDS solutions and so/1.·en ts.- For respirometry experiments, DDS solutions con
ta ining 1.5 p.mol l cc. (372 p.gl cc .) were prepared by dissolving the pure recrystallized 
sulfone (37.2 mgm.) in warlll ethyl alcohol (1.45 cc.) and diluting carefull y to 100 cc. 
with distilled water. Other concentrations were prepared in a similar mann~l'. Solution 
were also prepared using dioxane (1% by volu.llle) instead of alcohol , but they were 
fo und less suitable because of the inhibitory effect of dioxane on respiration. 

Respij·omet!·y.-Oxygen uptake wa s studied at 37°C by conventional methods (22) 
in a sensiti ve vVarburg respirOllieter ( 10) . 

S tudies on gj'owth inhibition.- Tn ocula fo r agar plates were measured and spread 
with a platinum loop (0 .02 cc.). Total growth in liquid media was determined by 
optical-density measurements. Numbers of viable ol'gan isulS were estimated by platings 
in roll ed agar tubes after suitable dilution (104-106 ) . 

DDS-j'esistant mutants.-These were sought by (a) heavy platings of M. ph lei and 
M. j'anae on agar, with subsequent transfers to plates containing equal or greater amounts 
of DDS, and by (b) prolonged exposUl'e in liquid media containing appropriate level. 
of DD S. Details will be found under Results. 

EXPERIMENTAL HESULTS 

Effect of DDS on the oxidation of suHstrates.-In studies with M. 
phlei, alcohol 1.45 per cent/ volume (solvent for DDS) enhanced respi
ration by approximately 20 p'er cent. This slight enhancement was 
largely obliterated when 50 or 100 JJ-g/cc. of DDS was added. 

Succinic, acetic and stearic acids (in the presence of alcohol) en
hanced respiration 2-fold to 3-fold. '('he addition of 50 JJ-g/cc. of DDS 
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reduced th ese l:ates of oxygen consumption by absolute values which 
approximated the inhibitory effect on oxidation of the alcohol which 
accompanied the DDS. 

Similar results were observed in the presence of glucose, glycerol, 
lactate, pyruvate, glycine, glutam ate, alanine, aspartate, cadaverine, 
human sc rum, and the li quid ba. al medium . These mod est inhibitions 
were not increased by pl'eincubating M. phlei in ;')0 jJ-g/ cc. of DDS, then 
r cwa, hing in order to teo t M. phlei plus ad sorbed DDS in the absence 
of ~lcohol but ill the' presence of selected substrates alone. 

']~ o test more adequately the poss ihility of a specific inhihition of 
alcohol oxidation, both M. p71lei and M. ronae were harvested from a 
synthetic medium containing 1.5 per cent/volume of that substrate 
(alcohol) and the ammonium ion as a source of nitrogen. The growth 
of M.phl ei required additional sources of carbon, and resulted in but 
slight expansion of the sluggish systems for oxidizing alcohol. M. rano e, 
on the contrary, grew with alcohol as the sole source of carbon, and 
yielded suspension s which oxidized alcohol at 9 times the endogenous 
rates. Thi occurred whether the alcohol was available solely as vapors 
of dilute solutions (0.25%/vol.) in the side-arms of ,Varburg vessels, 
or was dumped into the main r eaction vessel. The presence of DDS at 
93 jJ-g/cc. caused but 5 to 10 per cent inhibitions of these oxidation rates. 

In view of the foregoing observations, it was concluded that, 
although DDS exerted a consistently depr essant eff ect, no circumstance 
had been found in which it interfered significantly with substrate 
oxidations. 

Ellett of DDS on 1nycobacteriaZ growth.- The growth of heavy 
inocula of M. phlei and M. ranae on agar containing DDS con:firmed 
the inability of this drug to produce clear-cut growth inhibitory end
points. 'While 0.3 jJ-g/cc. was de:finitely inhibitory after 48 hours of 
incubation, some growth was always evident. From 1-4 jJ-g/ cc. were 
required to maintain this degree of restraint for 120 houl's. Further
more, slight growth occurred even at drug concentrations of 60 jJ-g/cc. 

Analysis of the influence of individual components in the agar 
medium demonstrated that no single component competed with DDS, 
and that failures to restrain growth were associated with completeness 
and efficacy of the media employed. As will be seen later, the failures 
to obtain stahle end-points on agar containing DDS cannot be explained 
by inactivation of DDS, or by the emergence of DDS-resistant mutants. 

Quantitative experiments on growth in the liquid medium containing 
DDS at 5 jJ-g/cc.4 proved more instructive (Fig. 1) . Such experiments 
showed that DDS decreased the rates of logarithmic growth slightly 
but consistently, and that growth terminated only 1 or 2 logs below 

4 This concentration was adopted after surveying the chug levels employed by 
others (4.8 ,14 .19,20). 
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FIG. 1. Effect of DDS on 
the growth and viability of M. 
phZei. 'l'he peculiarities in th e 
optical densities in the second 
curve (total cells, DDS 5 !kg./ 
m1. ) were not due to DDS, and 
were often seen in control eul· 
tures. They arc due partly to a 
phase in the growth cycle wh en 
there is maxi ma I sensitivity to 
I-he influence of temperature 
IIncl osmotic press lire (1). '1'he 
difficulty later wa s minimized 
by making all observations at 
37 °0. 

that attained in the ahsence of the drug. Since other experiments 
demonstrated that propagation of M. phlei in DDS medium did not 
remove any appreciahle amount of drug from the medium , the normal 
decline in viability in the presence of DDS indicates its total la ck of 
ba ctericidal action. 

A definite effect of pH on DDS activity wa s demonstrated by buf
fering the liquid medium with M /30 P04 to ensure strict control of H 
ion concentration (Fig. 2). r:t~he growth of M. p7llei in medium lacking 
DDS ,vas not affected hy pH values ranging from 6.0 to 7.5. T erminal 
optical densities after 90 hours in the presence of the sulfone at pH 7.5, 
11O'wever, were 0.6 logs below those observed at pH 6.0. 

Further evidence of a consistent lag in the production of the sulfone 
effect wa s obtained by adding DDS to succes 'ive Aasks at pl'ogressive 
stages during the growth of M. phl ei. These experim ents demonstrated 
that the onset of growth limitation was not determined by any particu
lar phase in the normal growth cycle; that growth always proceeded 
for some generations without alteration; and that final crops were 
dependent upon the population attained prior to addition of the drug. 

Growth for 24 hours in the presence of DDS did not alter the 
potentiality for growth in the absence of the drug. 'When cells wer e 
washed after this exposure, then incubated in fresh medium or in 
aliquots of used (filter ed) medium lacking DDS, they promptly r esumed 
growth at normal rates and produced crops proportional to the nuh-i
ents supplied. 

The observation that large inocula of M. phlei appeared to delay 
and to minimize the effect of DDS was confirm ed by inoculating fr esh 
liquid medium with 1X 105 , 1 X' 107 , and 1 X 108 cells per cubic centi
meter. All cultures, with or with out DDS, exhibited normal rates of 
growth during the fir st 24 hours. After 60 hours in the presence of 
DDS, growth of the small inoculum had t erminated 1.5 logs below that 
in the control cultures. 'With 1 X 107 bacilli per cubic centimeter as the 
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inoculum, the DDS fl asks were only 0.5 logs below the controls, while 
with 1 X 108 bacilli idelltical crops were produced. Similar, though less 
striking, effects were produced by incorporating la rge numbers of killed 
microorgallisms in the standard viable inoculum. 

B eversrtl of DDS action by P ABA.-Prevellti ol1 of the act ion of 
DDS by means of p-amin obenzoic acid (PABA) was r eadily demon
strated when M. phlei was g rown in the presence of 10 }J-g/ cc. DDS and 
varying concell t rati <,:>ns of PABA. As shown in Fig. 3, equal weights of 
P ABA nullifi ed the inhibitory action of DDS, while 1 part of PABA 
(0.001 }J-g) to 10,000 parts of DDS produced a measurabl e decrease in 
the activity of the latter compound. 'l'he major gap between two 
famili es of curves occurred between PABA 0.01 anu 0.001 }J-g/ cc. 

Failure to obtain DDS-resistant 11I'Ulants.- Although the universal 
appearance of slight growths of M. 1J71lei and M. ronrte on DDS-agar 
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Fm. 2. E ffect of pH on 
DDS inhibition of M . phld. The 
same curve was obtained for the 
d rug·free medium at pH 6.0, 
7.0 and 7.5. 

plates seeded with heavy illocula (possibly 1 X 10~ bacilli ) uggested 
mutational propensities of those microor ganisms, the uniformity of 
such growths ,vas not consistent with the small number s of isolated 
mutant colonies which might be expected. Furthermore, the t ransfer of 
inocula from such growths to new agar containing equivalent or gr eater 
amounts of DDS led to restricted growth only and not to vigorous pro
liferation, as would have been expected with r es istant colonies. 

Much larger numbers of M. phlei were exposed to DDS in series 
of fla sks containing 25 cc. or 75 cc. of liquid medium and inoculated with 
approximately 107 organisms per flask. As noted earlier, several logs 
of growth occurred in these cultures. In one series of fla sks the drug 
concentration was progressively raised from 2 through 6 to 18 }J-g/cc., 
and in another it was maintained throughout at 5 }J-g/cc. In neither case 
was there any evidence of the development of I' p.sistant mutants, either 
in the liquid medium or after plating out sepa rated organisms on agar 
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FIG. 3. Rm'crsn I of DDS 
inhibition of M. pltZei by 
v ·a min obonzoic Ilcid (almost 
complete at a PABA:DDS ratio 
of 1:1 fi nd sti ll ,just detcctable 
at H rntio of 1:10,000) . 

N ole : The figures opposite 
the bot tom C1ll' VC should be 
"DDS ]0, PABA. 0" and not 
"DDS 0, PABA 0" as given. 

contailling DDS. Some of the flasks containing 18 j-Lg/cc. DDS were 
kept under observation for 6 months. 

It is estimated that, during the course of the vvork described in these 
and other experim ents, over 1011 viable cell s of M. phlei wer e exposed 
to varying concentrations of DDS for periods of from 5 days to 
6 months, without obtaining a single colony which showed gr eater than 
average tolerance to this drug. Similar r esults wer e obtaine'd with M. 
1·ana e. 

DISCUSSION 

Although the present study does not perm it an explanation of the 
mode of action of DDS, it clarifies a few points concerning its influence 
on the metabolism and growth of mycobacteria. ]n the first place, it is 
evident that its effect is exerted in a manner which differ s radically 
from that of compounds such as isonicotinic hydrazide or streptomycin. 
It fails to impede significantly the oxidation of substrate ; it permits 
essentially normal rates of growth during a series of bacterial genera
tions (15); and it is not bactericidal e6 , 17). Its capacity to impose a 
limitation on fu ll growth, therefore, is the major effect which has been 
demonstrated, but just how that limitation is effected is not evident. 

The curves depicting growth in liquid media with and without DDS 
(Fig. 1) are of a type which would be produced if a vitamin-r equiring 
microorganism wer e employed as the inoculum fo r media lacking and 
containing (respectively ) the essential factor. The failure to observe 
clear-cut and stable end-points on DDS agar , the lag prior to limitation 
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of growth in liquid media, the immediate loss of r estraint upon r eplace
ment of DDS-containing media with normal media, and the competitive 
effects of inoculum size, dead oro'anisms or p-aminobenzoic acid, are 
consistent with the view that growth terminates only when the defi cit of 
som e metabolite e. sential for growth has becorne critical. 

'] 'he competitive ffect of p-aminobenzoic acid illu ,·trate. a r esem
blance between the action of DDS and the sulfonamid es (16). This 
competition with DDS has been noted in the case of streptococci e' 12), 
E. co li ( It) and tubercle bacilli (3.6. 9.21.25 ). Two groups of worker s 
(1 . , 23 ) failed to detect thi, antagoni sm. 'While th e production of PABA 
by M. phlei may explain many of the interrelation ships her e observed, 
it does not follow that competition with PABA is the only, or in vivo 
the most important, mod e of action of DDS. 

r:Che gr eater effectiveness of DDS at slightly alkaline than at 
slightly acid pH values was noted earlier by 'Middlebrook and Lloyd 
e:I ), who suggested that th e mol ecule may have greater penetrative 
power when the charge on the amine group has been partially 
neutl'ali7.ed. 

P erhaps the single obser vation which has a bearing upon one of the 
unusual properties of sulfones dm'ing the treatment Qf leprosy is the 
failure to obtain r esistant strain s following exposure to the drug. F eld
man and Hinshaw (1) found no evidence of sulfone resistance in tuber.cle 
bacilli r ecover ed from guin ea-pigs which had been treated up to 365 
days . According to vVolcott and Ross ( 4 ), clinical r elapse in leprosy 
patients treated almost constantly with sulfone seems to have occurred 
only after seven or more years of therapy. In the present study, no 
r es istant derivate of M. phlei or M. mnae wer e obtained. In the case 
of each strain it was known that plating an inoculum in the order of 
I X 107 bacilli could be expected to yield colonies exhibiting significant 
r esistance to isonicotinic hydrazide or to streptomycin. Although 
many multiples of such inocula wer e exposed to threshold concentra
tions of DDS, and incubations in some in stances wer e extended to six 
months, the r estraint imposed by DDS was of such character that no 
mutant forms wer e able to grow. Th e observations of Rist and associ
ates (16) that r ever sal by PABA fails in higher concentration of DDS 
indicates a second site of action. It may be this more absolute effect 
which makes it impossible to select mutants by the methods used. 

SUMMARY AN D CONCL USIONS 

1. The effect of 4 :4'-diaminodiphenyl sulfone (DD. ) on the metab
olism and growth of M. phlei and M. ranae has been investigated. 

2. The modest depression of oxidation of ubstrate , and of early 
phases of o-rowth in a complete medium, indicate that interference with 
energy transformations is not a primary mode of action. 
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3. The absence of bactericidal action; the failure to block DDS
treated organisms transferred to fre sh media ; the inability to r estrain 
growth during many bacillary generations ; and the reversal of the 
DDS effect by large inocula, dead microorganisms or p-aminobenzoic 
acid, lead to the conclusion that DDS is not inhibitory in the ordinary 
sense of that word. It operates in stead by limiting the ynthesis or use 
of a metabolite which is essential for growth. This limitation is maximal 
at pH va lues above 7, and with small initial inocula. 

4. ']'he gl'owth-limiting effect of DDS is in on e respect more funda
mental than that of compounds ,yhich ar e more inhibitory or bacteri
cidal. It is exerted in a manner which circumvents the select ive growth 
of drug-r esistant mu tants f rom th e st rains of mycobacteria used, 
which are prone to exhibit such mutation s. 

RESUME~ Y CONCLUSIONES 

1. Se ha investigado el efecto de la 4 :4'-dinminodifenil-:ulfona (DDS) sobre el 
metn bolislll o y la pl'oli fer ncion del M. phlei y del M. mnae. 

2. Ln 1lI0desta dep res ion de la ox ida cion de 10 ' subestratos, y de las fa. es in ~ipi entes 
de la prolife ration En un medio cOlllpleto, indica que 111 ob. tH.culiz:lcion de las trans
fOl'lll:lciones de la energia no constituye una Illoclalidad primal'ia de la accion. 

3. La fa lta de accion bactel'i cida; la inobstl'llCcion de los lIli cI'obios tratados con DDS 
al ser t l'asladados a nuevos medios; la inca pacidad pam rest 'ingir la prolifer acion 
durante Ill uchas generaciones bacilal'es; y In inversion del efecto de la DDS pOl' gr andes 
inoculos, microbio. muertos 0 acido p-aminobenzoico, llevan a la conclusion de que la 
DDS no es inhibidora en el sentido corl'iente de ese vocablo. FUJlciona mas bien limitando 
la s intesis 0 util izacion 'de un metabolito que es indispensable para el cl'ecimiento. E ta 
limitacion alca nza su max imo con cif ras del pH supe l'iores a 7, y con pequenos inoculos 
iniciales. 

4. E I efecto inhibidor del cl'ecimiento debido n In DDS es en un' sentido mas 
f un da mental que el de 10 compuestos que son Im1S inhibidol'es 0 bacteri cidas. Se produce 
de un modo qne eli mina la pJ'oliferacion se lectiva de mutnntes fal'macorre i tentes de 
las cepas de micobactel'ias usadas, las cuales on excepcionalmente vel' iitiles en e e 
l'especto. 
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