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Effect of Surface Active Agents on Oxidations of Lactate by 
Bacteria. 

E. J. ORUAL , ~ N D  1;. BoR(;. (Introduced by w. P. Larson.) 
From the Laboratories o f  Bacteriology and Oeeunography, University of 

Tfctslrin!iton, Seattle. 

Baker, Harrison and 1 1  i1lt.r' have studied the effect of synthetic 
surface active agents on the nietabolism of bacteria as measured in 
the Warburg manometric apparatus. Catioriic surface active agents 
were found t o  inhihit c(liia11y the nietabolisiii of both (;rani positive 
and Gram negative bacteria. .Anionic agents, in general. inhibit 
the metabolism o f  (;i-aiii positivc bacteria only. In a subsequelit 
paper2 studies c m  bactericidal effects were reported. Dubos3 dis- 
cussed the differential suscepti1,ility of Grain positive and Gram 
negative bacteria to different injurious agents, and suggested the use 
of anioiiic aiitl cationic surface active agents as tools for the study 
o f bac t e r i a 1 s t r u c t u r e . 

In this paper MY report tlie effects o f  ail anionic sui-face active 
agent, tlie clioctyl estei- o f  sodium sulfosuccinate, and o f  a cationic 
agent, cetyl pyridiniuni chloride, on a Gram positive organism and a 
Gram negative organism. 14s an index of the action of these agents 
we used the oxidation o f  lactate by molecular oxygen as compared 
with anaerobic oxidat ion by methylene blue. 

Methods. Two organisms were used, the Insecticide Board strain 
of StaphyEococczts aurms,  a Gram positive organism, and Escherichia 
coli, University of Washington No. 406, a Grain negative organisin. 
These two cultures were selected because they possessed relatively 
active lactic dehydrogeiiases as determined by the Thunberg technic. 

Sta,phytococcus cI2crm.T was grown on the broth prescribed for 
the Food and Drug Administration procedure for the phenol coeffi- 
~ i e n t . ~  -4 fter 24 hours' incubation, the organisms were collected by 
means of a continuous flow Sliarples centrifuge and washed 3 times 
with M/100 phosphate buffer at pH 7.0. Exherichin coli was grown 
on Blake bottles containing F. D. A. broth to which 2% agar had 
been added. The organisms were collected and then washed as 
d e sc 1- i bed ah( \-e i o r St ( 7 p h ~ l  o c o cc 14s nu re 24s. 

IBaker,  Z., Harrison, R. W., and Miller, B. F., J .  Exp. Med., 1941, 73, 249. 
2 Baker, Z., Harrison, R. W., and Miller, B. F., J.  Ezp. Med., 1941, 74, 611. 
3 Marshall, E. K., Jr., Loc~kwood, J .  S., and Dubos, R. J., Cheinotherapy, Phila- 

4 Circuler No. 198, 1931, 1:. S. 1). A. 
delphia, University of Pennsylvania Press, 1941. 



TABLE I. 

Bscherichia coli. 

Staphylococcus aiirriis Escherichict coli 

Effect of Surface Active Agents OIL Lactic Deliydrogenuses in Stnpliylococcus (mrcus and 

Conc. of OT, moles per 1 0 1 . 6 ~  3% 6 . 4 ~  0 5 . 3 ~  2 . 1 ~  2 . 5 ~  5 . 1 ~  

Reduction time of methylene blue in Inin. 3 fi 33 60 4 5 11 33 60 

Conc. of CI’R i n  moles per 1 

Reduction time of methylene blue in min. 3 3 11 60 4 5 13 38 60 

10-4 1 0 4  1 0 4  10-4 10-3 10-2 10-2 

0 4.3~ 8 . 6 ~  1.7s 0 3 . 4 ~  1 . 4 ~  5 . 5 ~  11.1~ 
10-0 10-6 lo-*; 10-5 10-1 1 0 4  1 0 4  

OT-dioctyl  ester of sodium sulfosuccinate. 
CPH-cctyl pyridinium chloride. 

l’he activity of lactic dehytlrogenases i n  the cell suspensions was 
determined by the modified Thunberg method of Ordal and Halvor- 
son5 with methylene blue as indicator, Each Thunberg tube con- 
tained 5 rnl 11/15 phosphate buffer at p H  7..56, 0.25 nil 0.2 $!I sodium 
lactate, 1 ml 1-5OOO methylene blue, 0.25 nil cell suspension and 2 rnl 
H,O or surface active agent. Tests for dehydrogenase activity 
were terminated at 60 minutes, and in general, controls without 
substrate showed no signs of decolorizatiori at this tinie. ,411 ex- 
periments were performed at 37°C. 

The effect of the presence of varying concentrations of the 
dioctyl ester of sodium sul fosuccinate and of cetyl pyridinium 
chloride on the activity of the lactic deliydrogenases of Staphylo- 
C O C C U S  mireus and of Esclwvichin coli is shown in Table I. 

The oxidation o f  lactate by oxygen was determined in conventional 
Warburg manometers. The final concentrations of phosphate, 
lactate and cell suspciisions were identical with those used in the 

TARLE 11. 
Oxygen Uptake from Lactntc h lu t ions  by Suspensions of Stapliylococcus (iurf’Ds in 

the Presence of Surface Active Agents. 

Surface Oxygen uptake p1 at 
active r--- 7 
agent Conv. in molcs/l 15 mjn 30 niin 60 min 120 rnin 

None 
OT 

? 9  

9 ,  

9 ,  

C P R  
7 ,  

? 9  

8 
8.0 x 10-5 7 
1.0 x 10-4 6 
3.2 x 10-4 2 
6.4 x 10-4 -1 

2.2 x 10-0 
4.3 x 10-6 
8.6 x 1 0 4  

7 
6 
1 

17 
17 
11 

5 
3 

14 
12 

3 

34 (j 0 
33 57 
24 43 
10 22 

6 10 

27 48 
17 2 1  
6 7 

OT-dioctyl ester of sodium sulfouuccinate. 
CPR-cetyl pyridinium chloride. 

5 Ordal, E. J., and Halvorson, H. O., J. Bact., 1939, 38, 199. 
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TABLE 111. 
Oxygen Uptake from Lactate Solutions by Suspensions of Escherichia coZi in the 

Presence of Surface Active Agents. 

Surf ace 
active \ 

agent Cone. in moles/l 15 min 30 min 45 min 60 n ~ i n  75 min 

None 35 71 103 132 160 
OT 2.5 x 10-2 33 G i  94 118 142 

7 ,  5.1 H 10-2 31 65 90 111 130 

Oxygen uptake in pl at 

CPR 1.1 x lo-.? 28 56 84 103 122 
7 9  3.2 H 10-5 12 36 36 40 42 
9 )  4.5 s 10-5 2 7 9 11 11 

OT-dioctyl ester of  sodium sulfosuccinate. 
CPR-cetyl pyridiniuni chloride. 

Thunberg tubes. The results of tests with varying concentra- 
tions of the surface active agents are shown in Tables II and 111. 

It is apparent from the data s1ion.n in Table I that the 
lactic dehydrogenase of Sttrph!Vocclccits O I ~ W ~ L C  is far more susceptible 
to the action of both surface active agents than that of E’schcrkhia 
coli. However, the inhibitor>- effect of the surface active agents 
disappears quickly w-ith dilution jvith S f u ~ l z ~ ~ l o c o r c ~ s  CIZ~YCZ.IS while 
with Escltcriclzin coli there is a considerable range of concentrations 
in which there is a relatively slow cliange in inhibition. In particular, 
the lactic dehydrogenasc o i  S. t714~c~1.r is inhibited by 1.7 x M 
cetyl pyridiniuni chloride. On dilutioii to one-fourth this concen- 
tration, the inhibitory effect disappears. On the other hand, a 
concentration of 1.1 x 31 cetyl pyridiniuni chloride is required 
to inhibit the lactic dehydrogenasc of E. roli. and a dilution in excess 
of 33 times is necessary before all traces of inhibition disappear. 

Examination of the data in Tables I1 and 111, shows that both 
surface active agents inhibit the oxidation of lactate by S. ~ Y C U S ,  

but that only the cationic agent inhibits the oxidation of lactate by 
E. coli. 

For convenience in conipariiig tlic susceptibility of tlie two organ- 
isms, we have designated as “critical” concentrations those concen- 
trations of surface active agents inhibiting the reduction by inethylene 
blue for  60 niinutes in tlie tests for dehydrogenases, and the con- 
centrations giving nearly coniplete inhibition after 60 niiiiutes in the 
tests for  oxygen uptake. These data are collected in Table 11’. 

In the case of S. azcyci~s, there is little difference between the con- 
centrations of surface active agents required to inhibit oxidation 
of lactate by oxygen, 3s compared to oxidation by niethylene blue. 
Presumably, theref ore, the cytochronie systems normally concerned 
in the oxidation of lactate by oxygen in S. ~ ~ I Y C Z I S  possess no special 

Reszclts. 
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TABLE IT. 
“Critical” Concentrations of Surface Active Agents Inhibi t ing Oxidation of 

Lacta te  ?I?- Oxygen aiicl by Methylenr Blue. 

Organism 
Surf ace active / \ 

agent Oxidation by Staph. aurews E .  coli 

Dioetvl ester of metliylene blue 6.4 x 1OAM 5.1 x 10-2N * 
I sodium sulfosuccinnte oq-gen  6.4 x 10AN 

Cetpl pyridiniuin chloride niethylenc blue 1.7 s IO-5M 1.1 x l O 3 M  
oxygen 8.6 Y 1 0 a M  4.5 x 1 0 4 M  

*A concentration of 5.1 x 10-’M only slightly slowed down the oxidation of 
lactate b~ oxygen (Pee Table 111). 

sensitivitJ- to these s u r i x e  active agents. ,liisoii6 has shown that 
synthetic stir face active agents are extremely active in the denatura- 
tion of proteins. I t  seems likely that the proteins of S. aweus con- 
cerned in the oxidation of lactate by niethylene blue are relatively 
accessible to the stir face active agents. 

There are striking- differelices in the effects of the surface active 
agents on the oxidations of lactate by E.  coli. Since the oxidation of 
lactate by molecular oxygen is inhibited by a lower concentration 
of cetyl pyridiniuni cliloride than osidation by methylene blue, it 
would appear either that the cytochrome systems peculiar to E .  coli 
are more sensitive to the surface active agent than tlie other pro- 
teins concenicd in thc oxidation of lactate, or are more available to the 
action of tlie agent. 

The anonlalous result with the dioctyl ester of soditini sulfo- 
succinate. inhibition of nietliylene blue reduction by a 5.1 x M 
concentration, a concentratioii which affects only slightIy the oxidation 
of lactate by oxygen, is must logically dire to the reduced availability 
to the cells o f  the nietliyleiic blue due to the high concentration of the 
surface active agent which is present in this coiicentration largely 
in the form of inicelles. 

The enzymes of the tn-o organisms which are conceriied in the 
oxidation of lactate, differ profoiindly in sensitivity to the anionic 
surface active agent. This is in accord with the results of Baker, 
Harrison and Miller.’* 

nuboss has pointed out that Gram negative bacteria contain so- 
called lipo-l)ol!.saccliai-ide antigens which appear to form an outer 
coating on the cells, and Baker, Harrison and Miller7 have shown 
that certain phospholipids protect bacterial cells against the action 
of both cationic and anionic surface active agents. It is possible, 

6 hnson, $1. L.. J .  Gen. Ph~isiol., 1939, 23, 230. 
7 Baker: Z.. Hnrrison, R. K.. and hIi1lt.r. €3. F., J .  Elrp. Xed.,  1941, 74, 621. 



therefore, that a cell niembrane containing substances of this char- 
acter in the Grarii negative bacteria may account for the lack of 
sensitivity to the anionic agent. W e  are, therefore, attempting to 
prepare cell-free enzymes from S. aureus and E.  coEi in order to 
determine the r6le played by the cell membranes in the results shown 
above. 
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Sulf onamide-Resistant Strains of Staphylococci : Clinical 
Significance.* 

JEAN JERMSTA VTVINO AND WESLEY W. SPINK. 
From the Division of Internal Medicine? University of Minnesota Medical School, 

and lrnivrrsity Hospital, Minneapolis. 

Strains of pneurnococci. gonococci, I;. roli and S. aweus  have been 
rendered resistant ifz z i t w  t o  the liacteriostatic action of sulfonamide 

Rmi~nelkanip~ h;is also observed that S. mwus may become 
“fast” to tyrothricin, tmth ijz ‘ i i t y o  arid 2’12 vivo. The present report 
is concerned with the h i  77itro and iff 7,i.;,o production of sulfonamide 
resistant strains of sta~diylococci. 

The i l l  r i t ro  observatioiis were niade with 2 strains of S. aureus 
isolated from patients with severe staphylococcal infections. iZ chem- 
ically-defined medium as described by Gladstone was used through- 
out.’ These strains were made resistant by exposure to increasing 
concentrations of soditxni sulfathiazole in this medium. Initial 
growth was established with a minute inoculurn from an agar slant. 
Suhsequent transfers o f  the cultures in the synthetic medium were 
made with a 5 mm wire loop. The two strains showed an initial 
difference in susceptibility to the action of sulfathiazole. Strain 14 

* Aided by n grant from the Committee on Scientific Research of the American 
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