
BIOSURFACTANT FROM C. lepus 

groups negatively charge the packing surface. Consequently, 
BzAC cations were electrostatically bonded on the packing 
surface and not eluted. 

It was observed that the k' values of BzAC decreased 
greatly by increasing the concentration of NaC1, but in- 
creased when the concentration exceeded 0.05 M/L. This 
phenomenon may be caused by a combination of ion sup- 
pression and salting out effects on the addition of  NaCI. 
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�9  Surface Active Properties of a Biosurfactant 

from Corynebacterium lepus 
D.G. COOPER 1 , J.E. Z A J I C  2 and C. D E N I S  l 

ABSTRACT 

A mixture of corynomycolic acids (Rt-CH(OH)-CH(R2)-COOH) 
isolated from Corynebacterium lepus was shown to have excellent 
surfactant properties. It caused significant lowering of surface 
tension in aqueous solution and the interfacial tension between 
water and hexadecane at all values of pH between 2 and 10. A series 
of carboxylic acids and some hydroxy-carboxylic acids and alcohols 
were also studied as a comparison. None of these caused as large a 
lowering of the surface and interfacial tensions as the corynomy- 
colic acids. The series of carboxylic acids studied showed that 
surfactant properties depend on the length of the alkyl chain and 
the pH of the solution in a manner consistent with the hydrophilic- 
lipophilic balance of these compounds. Hydroxyl substituents 
caused considerable enhancement of the surfactant properties of 
long chain carboxylic acids if they were located close to the car- 
boxyl function. 

INTRODUCTION 

Corynebacterium lepus grown on kerosene produces a 
mixture of surface active agents (1). One of the major 
components in this mixture is a class of /3-hydroxy-~- 
branched carboxylic acids (2) called corynomycolic acids 
(3,4). These acids, present in the C. lepus whole broth, have 
been shown to be effective agents to enhance bitumen 
recovery by a cold water extraction process (5,6). For this 
reason a study was undertaken of the surfactant properties 
of these acids as determined by surface and interfacial 
tension. 

Spreading pressures of  many carboxylic acids have been 
reported (7-13) as well as some determinations of  the effect 
of pH changes (7,9,12,13). The spreading pressures of 
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several hydroxy-carboxylic acids have also been measured 
(7,14-16). 

This work considered the surfactant properties of  the 
mixture of corynomycolic acids isolated from C. lepus. 
These were evaluated by measuring the surface tension and 
interracial tension against hexadecane of  saturated aqueous 
solutions over a wide range of  pH. In an at tempt to corre- 
late the importance of  structural features of  the corynomy- 
colic acids to their observed surface properties, similar 
studies were made of  saturated carboxylic acids, hydroxy- 
carboxylic acids and alcohols. 

MATERIALS AND METHODS 

Materials 

Most of the chemicals, including all of  the saturated unsub- 
stituted fatty acids were purchased from Sigma Chemical 
Co. (St. Louis, MO). The 16-hydroxy-hexadecanoic acid 
and hexadecanol were purchased from Aldrich Chemical 
Co. (Milwaukee, WI). Triacontanol was purchased from 
Polyscience Corp. (Evanston, IL). The 2-hydroxy-stearic 
acid was purchased from Pfaltz and Bauer Inc. (Flushing, 
NY). 

The hexadecane was first cleaned by washing alternately 
with sodium hydroxide (4 N) and concentrated sulfuric 
acid and then distilled water until an interfacial tension 
with water of  45 dyne/cm was obtained. 

Production, Isolation and Characterization 
of Corynomycolic Acids 

The production, isolation and characterization of  the cory- 
nomycolic acids (R1-CH(OH)-CH(R2)-COOH) from C. 
lepus are reported in full in other publications (1,2) and are 
only briefly summarized here. The organism was grown on 
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kerosene and the floating white product collected by 
suction and lyophilized. The corynomycolic acids were 
isolated by saponification, converted to the methyl esters, 
chromatographed on an alumina column and resaponified. 
This mixture of corynomycolic acids was characterized by 
standard methods, including infrared spectroscopy and 
mass spectrometry (2). The R 1 chain contained from 16 to 
25 carbon atoms and the R 2 chain contained from 8 to 13 
carbon atoms (2). 

Surface and Interfacial Tension Determination 

Surface tension and interfacial tension were measured with 
a de Nouy surface tensiometer (Fisher Autotensiomat) at 
20 C (+1 C). Unless otherwise noted, 0.5 mg of carboxylic 
acid was used per ml of water. This was sufficient to give a 
saturated solution with the most soluble acids (17). Since 
the surface tension of a saturated solution is not substan- 
tially altered if an excess of a carboxylic acid is used (13), 
this method allowed a comparison of the surfactant proper- 
ties of different acids at their critical micelle concentrations 
(18). The pH of these mixtures was adjusted with either 
sodium hydroxide or hydrochloric acid. Nutting and Long 
studied the dynamics of the surface tension of laurie acid 
over a range of pH values and reported that if the amount 
of the acid added was larger than the critical micelle con- 
centration, equilibrium was achieved very quickly (13). For 
each sample several measurements of surface tension and 
pH were made until equilibrium was reached and constant 
values obtained. For the least soluble acids, up to 24 hr 
were necessary to reach equilibrium, but most took less 
than 1 hr. When the above measurements indicated that 
equilibrium had been reached, the interracial tension 
against hexadecane was determined. Initially, these mea- 
surements were obtained in two ways. The measurement 
could be made immediately after layering hexadecane on 
the aqueous phase (18) or after vigorous agitation of the 
two phases to allow partitioning of the fatty acids. Data 
obtained for tetradecanoic acid by these methods over a 
wide pH range were identical and 0.5 g/l was sufficient to 
saturate both phases in each case. Therefore, the first 
method was used to determine interfacial tension for the 
rest of the compounds. 

R ESU LTS 

Corynomycolic Acids 

Figure 1 contains plots of the surface and interfacial 
tensions of the mixture of corynomycolic acids from 
C. lepus vs the weight of acid present for two different 
values of pH. None of these curves exhibited a well-defined 
critical micelle concentration. There was a decrease in all 
the measurements with increasing concentration until  about 
0.3 mg/ml. The surface tension and interfacial tension mea- 
surements were both relatively insensitive to pH changes. 
This is further demonstrated in Figure 2. The plots of 
surface tension and interfacial tension of the corynomy- 
colic acid mixture (0.5 g/l) indicate that these parameters 
are almost independent of pH, although both show a slight 
decrease with increasing pH. Figure 2 also contains data for 
the methyl esters of the corynomycolic acids. At every pH, 
the values of both surface tension and interfacial tension 
were lower for the acids than for the methyl esters. 

Normal Alkyl Carboxylic Acids 

Surface and interracial tensions were measured for a range 
of saturated fatty acids at several values of pH between 2 
and 10. Both the surface and interracial tensions showed 
obvious correlations with the length of the alkyl chains. 
This is illustrated by Figures 3 and 4, which are plots of 

surface tension and interracial tension vs the number of 
carbon atoms in the acids at pH 9.0 and 4.0. The general 
trend is the same at other pH values. The saturated aqueous 
solutions of the longest carboxylic acids have surface and 
interfacial tensions similar to distilled water. As the alkyl 
chain becomes shorter, these values decrease to a minimum 
value at between ten to fifteen carbon atoms. The position 
of the minimum surface and interfacial tensions was af- 
fected by pH. The minimum surface tension for all these 
curves is between 35 and 40 dyne/cm; however, the mini- 
mum is at undecanoic acid at pH 4.0, at dodecanoic acid at 
pH 7.0 and at tetradecanoic acid at pH 9.0. 

Hydroxy-Carboxylic Acids 

Figure 5 illustrates the effect of a hydroxyl substituent on 
the surfactant properties of octadecanoic acid. The unsub- 
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FIG. 1. The surface tensions at pH 5.5 (e) and pH 8.5 (=) and the 
interfaciai tensions against hexadecane at pH 5.5 (o) and pH 8.5 
(o) for different amounts of the mixture of corynomycolic acids 
plotted on a log scale. 
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FIG. 2. The surface tension (e) and interfacial tension against 
hexadecane (o) vs pH of the aqueous solution of the mixture of 
corynomycolic acids (0.5 mg/ml). Also, the surface tension (=)and 
interfacial tension (D) of the mixture of methyl corynomycolates 
(0.5 mg/ml) vs pH. 
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FIG. 3. Surface tension (=) and interfacial tension against hexadec- 
ane (o) of saturated solutions of carboxylic acids (0.5 mg/mi) vs the 
number of carbon atoms in each acid, at pH 9.0 

sti tuted octadecanoic acid causes only a small lowering of 
the surface and interfacial tensions throughout  the pH 
range, although it is a measurably better  surfactant at 
higher pH. With a hydroxyl  substituent on the twelfth 
carbon, there is an increased lowering of  both parameters at 
every pH. However, when the hydroxyl  substi tuent is 
adjacent to the carboxyl function, the acid becomes an 
excellent surfactant. Furthermore,  the values of the 2- 
hydroxy-octadecanoic acid solutions are relatively insensi- 
tive to pH. 

Similar behavior was observed for a comparison of 
hexadecanoic acid and hydroxy-hexadecanoic acids. The 
2-hydroxy-hexadecanoic acid was an effective surfactant, 
but the hexadecanoic and 16-hydroxy-hexadecanoic were 
very poor. 

A l c o h o l s  

Only a limited study was made of the surface properties 
of  alcohols. The data for the three studied were found to 
be independent of  pH. Table 1 lists the surface and inter- 
facial tension at pH 7.0. The shortest alcohol, 2-octanol, 
showed no significant surfactant properties. The longer 
alcohols did cause some lowering of  the interfacial tension, 
although the lowest value was only 3 3 dyne/cm. The effect 
on surface tension was more pronounced and hexadecanol 
caused a marked decrease in this parameter. 

DISCUSSION 

The mixture of  corynomycolic acids isolated from C. lepus 
had good surfactant properties. Saturated, aqueous solu- 
tions of  the mixture had surface tensions of about 45 dyne/  
cm and interracial tensions of  about 10 dyne/cm over the 
whole range of pH studied (Fig. 2). These results are 
impressive when compared to the data for unsubstituted, 
saturated, carboxylic acids. Although the minimum surface 
tensions caused by these simple acids were comparable to 
those seen for the corynomycolic acids, they did not  lower 
the interracial tension below 20 dyne/cm. Furthermore,  the 
surface and interracial tensions of the simple acids were 
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FIG. 4. Surface tension (r and interfacial tension against hexadec- 
ane (o) of  saturated solutions of carboxylic acids (0.5 mg/ml) vs the 
number of carbon atoms in each acid, at pH 4.0. 

very sensitive to pH (7,9,12,13) and were effective surfac- 
tants within only small ranges. Finally, these acids were 
sensitive to the length of  the alkyl chains (Fig. 3 and 4) 
and the Carboxylic acids with more than 18 carbon atoms 
were very poor surfactants. The corynomycolic  acids in the 
mixture from C. lepus were appreciably larger and all had 
more than twenty-five carbon atoms. These were parti- 
t ioned between two alkyl branches (i.e., R1-CH(OH) - 
CH(R 2 )-COOH). However, the longer chain (R 1 ) contained 
twenty or more carbon atoms. 

Thus, the corynomycolic  acids are much more effective 
surfactants than would be predicted from the data for the 
simple carboxylic acids. The most reasonable explanation is 
an enhancement by the hydroxyl  function on the carbon 
to the carboxylic group of the corynomycolic acids. The 
study on the effect of adding a hydroxyl  group to a car- 
boxylic acid supported this conclusion. For example, 
octadecanoic acid was a relatively poor surfactant over the 
whole range of  pH studied (Fig. 5). Both the hydroxy- 
octadecanoic acids studied were more effective surfactants; 
however, the position of the substitution was important.  
The 2-hydroxy-octadecanoic acid was an excellent surfac- 
rant and caused a lowering of  surface and interfacial ten- 
sions, almost as large as the corynomycolic acids, for the 
whole pH range studied, but 12 hydroxy-octadecanoic  acid 
was less effective. Similar results were obtained with a 
series of  hexadecanoic acids. 

The data for the long chain alcohols demonstrated that 
the hydroxyl  function alone was a reasonable surfactant 
(Table I). These alcohols caused a lowering of surface and 
interfacial tensions although none were as effective as the 
best carboxylic acids. 

When the carboxylic functions of the corynomycolic  
acid mixture were converted to methyl esters, the effective- 
ness of this surfactant decreased. The more polar carboxylic 
function resulted in a bet ter  surfactant than the ester. 

Hydrophilic-lipophilic balance (HLB) can be used to 
characterize surfactants (19). A consideration of relative 
HLB within series of surfactants provided a reasonable 
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FIG. 5. Data for saturated solutions (0.5 mg/ml) of three carboxylic 
acids vs pH: octadecanoic acid, surface tension (=) and interfaciai 
tension (o); 12-hydroxy-octadecanoic acid, surface tension (*) and 
interfacial tension (0); and 2-hydroxy-octadecanoic acid, surface 
tension (e) and interfacial tension (o). 

explanat ion of  many  of the  above observations.  For  ex- 
ample, the number  o f  carbon a toms in a carboxylic  acid 
will inf luence the HLB. The  longer fa t ty  acids are relatively 
l ipophil ic  and the shorter  acids more  hydrophil ic .  Car- 
boxyl ic  acids with an in termedia te  chain length o f  ten to 
f i f teen carbon atoms were the best surfactants,  indicating 
a favorable balance. As the acids became longer  and more  
l ipophilic they were poorer  surfactants.  Similarly, the 
changes caused by pH can be  a t t r ibuted to changes in the 
relative concent ra t ions  o f  the neutral  carboxyl ic  acids and 
the more  hydrophi l ic  carboxyla te  ions fo rmed  at higher 
pH. The longer fa t ty  acids became be t te r  surfactants at 
high pH because their  carboxyla te  ions had a more favor- 
able balance with the l ipophil ic  alkyl chain. 

These considerat ions also explain the effect  of  the 
hydroxy l  func t ion  on the surfactant  abilities o f  carboxyl ic  
acids. A hydroxy l  funct ion  close to the carboxyl  group of  
a long fa t ty  acid or  co rynomyco l i c  acid renders it more 
hydrophil ic ,  resulting in a more  favorable HLB with the 
large alkyl chains. If  the hydroxy l  subst i tuent  is isolated 
f rom the carboxyl ic  funct ion ,  the effect  is absent. 

The co rynomyco l i c  acids will have an unusual orien- 
ta t ion at the aqueous  interface because each molecule  will 
have two hydrophi l ic  funct ional  groups in the  water  and 
two hydrophob ic  chains in the  upper  oil or  air phase. This 
is analogous to the surface packing for  some phosphol ipids  
(20,21) and synthet ic  surfactants  such as a-sulpho-branched 
chain fa t ty  acids (22) which are known to have good 
surfactant  properties.  The  ~-hydroxy func t ion  o f  the  
co rynomyco l i c  acid is in the  proper  posi t ion to form a 
stable, 6-membered,  hydrogen bonded  ring with the car- 
boxyl ic  group (23). Such an interact ion would  inf luence 

TABLEI 

The Surface and Interracial Tensions (dyne/cm) 
of Saturated Aqueous Solutions of Several 
Alcohols (0.5 mg/ml, pH 7.0, 25 C) 

Interfaeial 
Surface tension tension 

2-octanol 68 46 
1-hexadecanol 42 36 
1-triacontanol 53 33 

this b iosurfactant ' s  effect iveness and pH dependence.  
Ano the r  possibility is in termolecular  hydrogen bonding 
between the hydroxy l  func t ion  o f  one molecule  and the 
carboxylic  group of  the adjacent  acid. In termolecular  
associations of  dual-functional  phospholipids have been 
proposed as a significant fac tor  in their  surfactant  prop- 
erties (24). 
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