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N e u t r a l  N ~ - l a u r o y l - d i p e p t i d e s  s u c h  as  N ~ - l a u r o y l  
arg inylg lyc ine  and N~- lauroyl -arginylphenyla lanine  as  
m e t h y l  e s t er  (cat ionic  sur fac tant s )  and f ree  acid (am- 
photer i c  sur fac tant s )  d e r i v a t i v e s  h a v e  b e e n  prepared  
by synthet i c  methods .  Fundamenta l  surfactant  proper-  
t i es  and ant imicrob ia l  ac t i v i ty  h a v e  b e e n  eva lua ted .  

The p r o p e r t i e s  o f  t h e s e  c o m p o u n d s  h a v e  b e e n  com-  
pared  to  the  p r o p e r t i e s  o f  the  m o n o m e r  d e r i v a t i v e s  
N~- lauroy l -arg in ine  m e t h y l  e s t e r  (cat ionic )  and  N ~- 
lauroy l -arg in ine  (amphoter ic ) .  These  n e w  m o l e c u l e s  
are  v e r y  so luble  in w a t e r ,  good  s u r f a c t a n t s ,  and ex- 
hibit  a good  an t imicroh ia l  ac t iv i ty ,  i n d e p e n d e n t l y  o f  
the ir  ionic  character .  

INTRODUCTION 

The synthesis of antimicrobial surfactants  derived from 
pure basic amino acids have  been studied by our research 
team for the last few years. This kind of surfactant  con- 
stitutes an interesting class of biocompatible amphiphilic 
molecules at tr ibuted mainly to their  chemical s t ructure 
(1,2). 

In a recent  paper  (and also to obtain protein-based am- 
photeric surfactants  with antimicrobial properties)  we 
described the synthesis and proper t ies  of N~-lauroyl-1 - 
arginine dipeptides from collagen. We found that  they 
were  soluble in water,  they performed surfactant  proper- 
ties and their antimicrobial character  was slightly positive 
(3). 

From these results we planned to make a systematic 
study which is partially presented in this paper. The whole 
study deals with the preparat ion of N~-lauroyl-arginine 
dipeptides from L-arginine and pure amino acis, instead of 
the amino acid mixture from collagen, and the study of the 
influence of terminal amino acid as well as the influence 
of the ionic character  on their  properties. 

The work that  we present in this paper is concerned with 
the synthesis of neutral  N~-lauroyl-dipeptides such as N ~- 
lauroyl -arg inylg lyc ine  and  N"- lauroy l -a rg iny lpheny l  - 
alanine as methyl  esters (cationic amphiphiles) and free 
acid (amphoteric amphiphiles) derivatives; the determina- 
tion of several  surfactant  properties; and the determina- 
tion of antimicrobial activity of four prepared compounds. 

A special emphasis has been placed on the amphoter ic  
compounds, which have  been compared with the water-  
insoluble monomer  der ivat ive N~-lauroyl-arginine (LA) 
described previously (4). 

EXPERIMENTAL 

Materials. Two cationic surfactants,  N~-lauroyl arginyl- 
g lycine m e t h y l  e s t e r  (LA-GOM) and N"- lauroyl  - 
arginylphenylalanine methyl ester (LA-POM), and two am- 
photeric surfactants, N~-lauroyl-arginylglycine (LA-GOH) 
and N"-lauroyl-arginylphenylalanine (LA-POH), were  all 
synthesized in our labor tory  according to the  me thod  

described by Molinero et al. (3), following Scheme 1, which 
can be seen in Figure 1. 

CH3-(CH2)Io-CO-NH-CH-C-O- 
l 

.~': C.'" ~H 2 ~H t "~'NH2 

CH2--CH2 "" ..~NH2 

LAUROYL ARGININE DERIVATIVE (LA) 

CH3-(CH2)Io -CO-NH-CH-CO-NH-CH-C-O 
I I 
CH~ R 
\CH2- CH2--- NH ~:<.~ NH2 

"- r~H2 

LAUROYL--ARGININE DIPEPTIDE DERIVATIVE 

FIG. 1. Schematic method of synthesis (3). 

Since the purity of final compounds was an important  
r e q u i s i t e  for  th is  s tudy ,  the  u n p r o t e c t e d  p e p t i d e  
der iva t ives  we re  finally pur i f ied  by column chroma-  
tography on Silica Gel 60 (230-400 mesh, Merck), using dif- 
ferent  compositions of methanol/chloroform mixture as 
solvents. The products were  obtained with a purity of 
99.5%. They were  used without  fur ther  crystallization. 

Solubility. Water solubility up to 25 wt% surfactant  con- 
centrat ion was checked by weighing all components  (sur- 
factant  and water)  in ampoules, which were  homogeniz- 
ed by stirring and placed under  thermostat ted conditions. 
The pH was previously adjusted by adding an appropriate  
amount  of dilute HC1 or NaOH solutions. Undissolved 
material  was separated,  if necessary, by centrifugation. 

Surface tension. A Du Nofiy ring tensiometer  (Lauda) 
with a platinum-indium ring was used for surface tension 
measurements  (-/). Solutions were  allowed to equilibrate 
at 25~ until stabilization of surface tension readings. 
Equilibration times ranged from 1 5 -  30 rain. 

Critical micelle concentration. From the -y-log C curves 
the c.m.c., saturation absorption r and area/molecule were 
determined.  The dependence  of c.m.c, on pH was not 
studied. 

Foaming ability. The foam was produced by the follow- 
ing method: 10 ml of a 0.1 wt% solution of each compound 
was placed at room tempera tu re  in a glass column (50 cm 
• 2 cm) supplied with a porous plate and a constant  flow 
of wet  air bubbled from the bot tom of the column in order 
to generate foam. The relative efficiency of the surfactant 
was determined by measuring the foam height (ram) vs 
t ime (second) generated into the column until 150 seconds 
for each solution. The foam stability was not measured.  

Antimicrobial activity. The minimum inhibitory concen- 
t ra t ion (MIC) of each compound was de te rmined  by a 
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T A B L E  1 

C h a r a c t e r i s t i c  P r o p e r t i e s  o f  t h e  

M.R. I N F A N T E  E T A L .  

S y n t h e s i z e d  P r o d u c t s  

Elemen ta l  analys is  (%) m.p.  2 
C o m p o u n d  MW Calc. F o u n d  Rf (~ 

[a] 25 
D 

(c = 1% MeOH) 

Yield 3 
(%) 

W.V. 1 

m a x  (nm) 

LA-GOM 463.5 

LA-POM 553.5 

C: 54.37 54.12 
H: 9.06 8.99 
N: 15.10 15.09 

C: 58.79 58.85 
H: 8.75 8.85 
N: 12.25 12.21 

0.64 a 4 7 - 4 8  

0.43 b 

0.53 b 3 5 - 3 9  

C: 51.34 50.74 
LA-GOH 449.5 H: 8.98 9.10 0.54 b 

N: 14.97 13.84 

C: 58.12 57.45 
LA-POH 539.5 H: 8.61 8.74 0.63 b 

N: 12.56 12.86 

55 - 60 

27 31 

1.5 

- 1.68 

- 2.65 

- 1.60 

70 

90 

90 

209 

207 

209 

209 

aButanol /acet ic  ac id /wate r  (5:2:5). 

bChloroform/methanol  (7:3). 

1: me thano l ;  2: hygroscopic;  3: w i t hou t  co lumn  purif icat ion.  

T A B L E  2 

W a t e r  S o l u b i l i t y  a t  R o o m  T e m p e r a t u r e  

pH:4.0 pH:7.0 pH:9.0 
0 . 5 - 2 5  wt% 0 . 5 - 2 5  wt% 0 . 5 - 2 5  wt% 

LA-GOM S S S 
LA-POM S S S 
LA-GOH S S S 
LA-POH S S S 

LA I I I 

S = Soluble. 
I = Insoluble.  

dilution test in Mtieller-Hinton agar medium, against Gram 
positive and Gram negative bacteria and one yeast. 

The dilution test  was pe r fo rmed  to de te rmine  the 
minimal concentration of an antimicrobial agent required 
to inhibit microbial growth. Serial dilutions of the an- 
timicrobial agent were inoculated with the organism and 
incubated at 37~ for 24 hr (3). 

RESULTS AND DISCUSSION 

Table 1 indicates the characteristics of the synthesized 
compounds. 

The structural formulas of all compounds were con- 
firmed by elemental analyses, amino acid analyses, H'- 
NMR and Fast Atom Bombardment Mass Spectrometry. 

All compounds (both the cationic and the amphoteric 
ones) displayed good solubility in distilled water  at room 
temperature up to 25% w/w at pH below 9.0 (Table 2). This 
was in contrast with the amphoteric monomer derivative 
lauroyl arginine (LA), which was not soluble in water. Gel- 
like formation was observed for LA-POM and LA-POH sur- 
factants at concentrations higher than 0.15% wt and below 
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20~ The condensation of a second amino acid to N ~- 
lauroyl arginine has significantly enhanced the water  
solubility of derivatives, mainly in the case of amphoteric 
ones. 

Since the structure of N"-lauroyl-arginine is able to form 
intramolecular guanidine-carboxylate interactions it could 
be inferred that  the insolubility of N<lauroyl-aginine 
would be promoted by this effect by the formation of a 
nonionic hydrophobic structure as shown in Figure 2. This 
kind of non-covalent hydrogen-bonding interaction should 
not take place if the guanidine and carboxylate groups 
were kept away each other, such as in the case of lauroyl- 
arginine dipeptides and, consequently, the water solubility 
would increase (5). Conformational studies by X-Ray dif- 
fraction are in progress in order to confirm this hypothesis. 

Table 3 shows the surface tension values at c.m.c, in 
water solution at 25~ and pH 4.0, as well as the c.m.c. 

E 
E 

% 
c~ 

o 
L 

20 

15- 

5- 

LA GOM �9 LA-POM 
o LA-GOH * LA-POH 

~o ~o ~o ~2o go 
time 

180 2:10 ~40 
(seconds) 

FIG.  2. C h e m i c a l  s t r u c t u r e  o f  t h e  LA a n d  a n y  L A - d i p e p t i d e  
d e r i v a t i v e .  
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TABLE 3 

Surface Propert ies  at Room Temperature  

Compounds Surface Tension 
(mN.m 4) 

c.m.c, r(mole.m -1) AM (~B) 
Surf. Tens. Method 

(mole. 1-1 ) 

LA-GOM 37.6 
LA-POM 34.6 
LA-GOH 30.0 
LA-POH 30.0 

6.5 x 10 -3 2.32 x 10 -~ 71 
1.5 x 10 -3 1.86 x 10 -6 88 
1.5 x 10 -3 2.27 x 10 -6 72 
0.25 x 10 -3 2.08 x 10 -6 79 

values, sa tura t ion adsorpt ion r, and area/molecule Am of 
LA-GOM, LA-POM, LA-GOH and LA-POH. The sa tura t ion 
adsorption r at air/water interface was calculated using the 
Gibbs  a d s o r p t i o n  e q u a t i o n .  The a r e a / m o l e c u l e  was  
calculated from T for each surfacant .  

In general,  these results show tha t  surface tension % 
c.m.c, and area  per  molecule Am obtained with the am- 
photer ic  der iva t ives  are lower  compared  to the i r  cor- 
responding cationic homologues with the  same length of 
the hydrophobic group. Although this is probably the result 
of several  combined effects the decreasing of the  electro- 
static repulsion forces because of the effect  of the zwiter- 
ionic na ture  of the amphoter ic  molecules probably has a 
major effect  to improve these surfac tant  propert ies  (6). 

On the other  hand, the  hydrophobic na ture  of the ter- 
minal amino acid does not produce a substantial  change of 
the surface tension, nor in the adsorpt ion values, if LA- 
GOH and LA-POH are compared.  However,  the substitu- 
t ion of a hydrogen  a tom by a phenyl  group when  the 
molecule is cationic gives rise to higher adsorpt ion and 
lower surface tension values. It is very difficult to explain 
all of these results, but  in any case, the  nature  of the ad- 
sorbed films (e.g., the  interact ion be tween  adsorbed sur- 
factant  molecules and the packing of the molecules within 
the film because of dimension of the molecule, etc.) should 
be d i f f e r en t  w h e n  ca t ion ic  molecu les  or a m p h o t e r i c  
molecules are considered. 

Oi t ical  micelle concentrations are lower in both LA-POM 
and LA-POH if they  are compared with LA-GOM and LA- 

POM, respectively. Among the factors known to affect the 
c.m.c, in aqueous solution, the introduct ion of a phenyl  
group could increase the hydrophobic  component  in the  
molecule, consequent ly  decreasing its c.m.c, value. 

Figure 3 shows the foam height vs time for all synthesiz- 
ed compounds  using the me thod  descr ibed  in the  ex- 
perimental  section. Each line was the average of five deter- 
minations. The advantage  of this method was the use of 
10 mg of su r f ac t an t  for  each measu remen t .  For  com- 
para t ive  purposes, the same exper iment  was carried out 
for a commercial  potassium salt of a polypept ide  coco fat- 
ty acid condensate (MW:400) from Stepan Chem. Co. which 
is considered to be a good foam agent. 

As can be observed from the results in Figure 3, there  
was not an important  foaming difference be tween  all sur- 
factants  synthesized and the commercial  surfactant  when 
the foam height of the commercial surfactant  and LA-GOH 
der ivat ive  was de te rmined  according to the  Ross-Miles 
method.  The foam height value obtained for both com- 
pounds was similar and, consequently,  it can be conclud- 
ed that  these kinds of compounds are good foaming agents, 
c o m p a r a b l e  to a c o m m e r c i a l  f a t t y  ac id  p o l y p e p t i d e  
condensate.  

The antimicrobial act ivi ty of all synthesized compounds 
was  e s t a b l i s h e d  by  e s t i m a t i n g  t h e i r  c o r r e s p o n d i n g  
Minimum Inhibitory Concentration values (in #g/ml) at pH 
7.0, which are given in Table 4. 

These values were compared to the N~-lauroyl-arginine 
methyl  ester  (LAM, cationic monomer  derivat ive)  and to 

CH3-(CH2)!~ I + ARG (NO2)OH 

I 
CH:~-(CH 2)Io-CO-ARG(NO~)OH 

MIXED ANHYDRIDE / ~'~IXED ANHYDRIDE 
H2 NGLYO~E / ~ ~ ! F  

CHB-(CH2)zo-CO-ARG(NO2)-GLY~'IE CH 3 (CH2)1o CO-ARG(NC]2)-PHEOME 

H 2 (PJC) H 2 (PD/C) 

[ CHB-(CH2)io-CO-ARG GLYOMEJ I CHB (CH 2)lo-CO ARG-PHEOI~E I 

NAOHIMEOH IIIAOH/~'IE OH 

I CH3 (CH2)z~ I I CHB-(CH~) zr=CO-ARG-PHEOH I 

ACYI_ATION 

PEPT[~ 
COUP! ING 

F IITROD=PROTECTIOPI 

S/~OrJIF ICAT ION 

FIG. 3. Foam height  (mm) vs t ime (seconds) generated into the  column by 
bubbling a f l o w  of  w e t  air. 
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TABLE 4 

Minimum Inhibi tory  Concentrat ion  (~g/ml) 

Compounds LAM LAa b LA-GOM LA-GOH LA-POM LA-POH 

Candida albicans 
CCM a 32 256 32 32 16 4 

Staphylococcus epidermidis 
ATCC 12228 8 64 16 16 4 4 

Streptococcus faecalis 
ATCC 10541 16 256 64 64 32 4 

Col~nebacterium agropyri 
CCM 8 64 8 8 4 2 

Bacillus subtilis 
ATCC 6623 8 128 16 16 16 4 

Bacillus pumilus 
CCM -- -- -- 16 -- 4 

Micrococcus luteus 
ATCC i0240 16 64 32 16 8 2 

Micrococcus aurantiacus 
ATCC 11731 16 128 16 16 4 2 

Alcaligenes faecalis 
ATCC 8750 256 -- 256 128 256 32 

Escherichia coli 
ATCC 10536 16 }256 32 16 16 4 

Klebsiella pneumoniae 
ATCC 13883 256 256 }256 }128 256 )128 

Citrobacter freundii 
ATCC 22636 256 )256 )256 )128 256 }128 

Serratia marcescens 
Z ATCC 13880 256 )256 )256 )128 256 )128 

Pseudomonas aeruginosa 
ATCC 10145 128 )256 128 }128 256 )128 

Salmonella typhimurium 
ATCC 14028 32 -- 64 }128 128 128 

Bordetella bronchiseptica 
ATCC 10580 16 -- 64 )128 32 32 

aFrom C~tedra de Microbiologia, Universidad de Barcelona. 
bN-Lauroyl-L-arginine dipeptides mixture from Collagen (3). 

t he  N ~ - l a u r o y l - a r g i n i n e  (LA, a m p h o t e r i c  m o n o m e r  
derivat ive) .  

In earlier communicat ions  we bel ieved that  the biological 
ac t iv i ty  depended  on the  cat ionic charac te r  of the  long 
c h a i n  N~-Acyl a m i n o  acid  d e r i v a t i v e s  (4,8). Only  t he  
m o n o m e r  der iva t ives  wi th  pro tec ted  a-carboxyl  groups 
were  ant imicrobial .  Thus, while  LAM and  o ther  cat ionic 
surfactant  homologues were good antimicrobial  agents, LA 
and  ano the r  amphoter ic  homologues did not  show any  ac- 
t ivity,  giving MIC values  exceeding 256/zg/ml against  all 
bacter ia  tested.  But  w h e n  a second neu t r a l  amino  acid has 
b e e n  i n c o r p o r a t e d  i n t o  t h e  m o n o m e r  d e r i v a t i v e  
l a u r o y l - a r g i n i n e ,  the  resul ts  show tha t  the  condi t ion  of 
a-carboxyl  pro tec t ion  is no t  necessary.  MIC values  of am- 
phiphile dipeptides wi th  protec ted  carboxyl group, tha t  is 
to say cat ionic sur fac tants ,  were  ve ry  similar to those of 
the  amphoter ic  ones which ~-carboxyl group was free. All 
of t hem were  subs tant ia l ly  active.  

The an t imic rob ia l  ac t iv i ty  of these  pu re  ampho te r i c  

dipept ides  der iva t ives  is h igher  t h a n  those of amphote r ic  
d ipept ides  der iva t ives  mix tu re  f rom col lagen (see LAa 
values  from Table 4). 

It seems likely tha t  the  an t imicrobia l  ac t iv i ty  is due  to 
N~- lauroyl -arg in ine  residue,  which  is the  common  struc- 
tural  factor  in all the  amphiphi le  u n d e r  study. In  our  opin- 
ion, the  amphoter ic  dipeptides der ivat ives  could yield an- 
t i m i c r o b i a l  a c t i v i t y  b e c a u s e  of t h e  a b s e n c e  of in -  
t ramolecular  ionic interact ions leaving the guanidine group 
free increas ing the i r  w a t e r  solubil i ty and  per forming  as a 
surfac tant .  This s trong basic group could in te rac t  wi th  the  
polyanionic components  of the  cell surface due to their  ca- 
t ionic condit ion.  Consequent ly ,  a weakness  of the cell wall  
would  occur, a l lowing the  su r fac t an t  to pass th rough  the  
m e m b r a n e  and  p r e v e n t  in this way  the  microbial  growth.  

From the  resul t  of this work  we can  conclude  tha t  the  
condensa t ion  of a second amino  acid into the  m o n o m e r  
der iva t ive  LA has total ly t r ans fo rmed  the i r  propert ies .  
Thus  these  n e w  molecules  are very  soluble in water ,  good 
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surfactants  and, the most important  in our  opinion, exhibit  
a good ant imicrobia l  ac t iv i ty  i n d e p e n d e n t l y  of the i r  ionic 
character .  

F u r t h e r  work is in progress in order  to u n d e r s t a n d  the  
in f luence  of acid or basic t e rmina l  a -amino  acids as well  
as the  in f luence  of pH on the  physico-chemical  proper t ies  
and,  consequent ly ,  to be able to assess the  area of applica- 
t ion of these  materials .  
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