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During our stay in Hasylab (November 2011) we applied Grazing Incidence X-Ray Diffraction 
(GIXD)  and X-ray  Reflectivity  (XR)  techniques  accessible  at  the  liquid  surface  diffractometer 
installed in BW1 beamline to investigate Langmuir monolayers formed by lupane type pentacyclic 
triterpenes  (LT)  at  the  air/water  interface.  We  were  interested  in  the  physicochemical 
characterization of the single-component monolayers formed by the selected LT (lupeol, betuline, 
betulinic  acid)  as  well  as  binary  films  formed  by  these  LT  and  structural  phospholipids 
characteristic for the outer-leaflet of the cellular (DPPC, SM) and becterial (cardiolipin, DSPE) 
membrane.

Scheme 1: Structural formula of the investigated LT: R = -CH3 – lupeol; R = -CH2OH – betulin; R = -COOH 
– betulinic acid

LT are active natural products applied in the therapies of different disseases such as various types of 
cancer, AIDS, bacterial infections, melaria and hypercholesterolemia [1,2]. It is commonly believed 
that the key step of the mode of action of these chemicals is their interaction with biomembranes. 
Numerous  studies  performed  in  vitro on  living  cell  lines  have  been  devoted  to  this  subject; 
however,  it  is  underlined  that  the  studies  on  model  systems  such  as  liposomes  or  Langmuir 
monolayers are necessary to better understand and systematize the experimental results [3]. We 
applied synchrotron radiation scattering as the best method for the investigation of the molecular 
ordering in Langmuir monolayers in the Angstrom scale. In this report we would like to focus on 
the results collected for pure one-component monolayers formed by LT. 
It turned out that the monolayers are 2D-crystalline which is reflected in a strong diffraction signal. 
Lupeol and betulinic acid form films of closely packed molecules, for which only one diffraction 
signal with the intensity maximum centered at horizon (Qz = 0 A-1) was observed. Such ordering of 
the  molecules  can  be  described  by  the  2D-hexagonal  lattice  similarly  to  the  well  described 
monolayers of cholesterol. The case of betulin is much more interesting from the crystallographic 
point of view. The intensity map I(Qxy, Qz) registered for the betulin monolayer at surface pressure 
of 10 mN/m is presented in Figure 1.



Figure 1. GIXD intensity map I(Qxy, Qz) registered for betulin monolayer at π = 10 mN/m

There are four distinct peaks visible in the diffractogram. The peak of high intensity present at Qxy = 
1.02 A-1 is identical  with these observed for lupeol and betulinic acid and indicates that in the 
floating film monolayer domains of close-packed hexagonal ordering are also present. The peak at 
1.32 A-1 is a higher order peak, the presence of which corroborates the high 2D-crystallinity in the 
investigated system. It turned out that the peaks at Qxy = 0.89 A-1 and 0.96 A-1 identify a crystalline 
bilayer of tilted molecules which co-exists with the monolayer regions in the floating film. A very 
characteristic feature of the discussed diffractogram is the presence of the so-called Scherrer arch 
[4]. It means that the bilayer-forming molecules have not identical tilt azimuth. In such a situation 
the discussion of two limiting cases of the azimuth: NN (nearest neighbor) and NNN (next nearest 
neighbor) is possible. We performed such analysis and calculated structural parameters for both 
limiting cases. It is interesting that the structurally similar terpenes vary profoundly regarding their 
packing  in  Langmuir  monolayers.  We interpreted  the  differences  taking  into  consideration  the 
possibilities of H-bonds formation between the side polar groups located at C28 in the molecules of 
betulin  and  betulinic  acid.  The  propensity  of  the  –OH  and  –COOH  groups  towards  H-bond 
formation is different which is reflected in the crystal structure of their monolayers at the air/water 
interface. We applied XR technique to gather the information regarding the average electron density 
profile along the monolayer normal. It turned out that the immersion of the terpenes into the water 
subphase is rather shallow, as apart from the –OH group located at the C3 carbon atom only the C3 
atom and the two methyl groups bound to C4 have contact with the aqueous subphase. 
Our experiments performed in Hasylab shed new light on the properties of active LT in model 
membranes which broadens the anderstanding of the previously described differences between the 
investigated  terpenes.  The  data  regarding  pure one-component  monolayers  is  necessary  for  the 
understanding of the binary mixtures of these LT with structural phospholipids, which were also 
characterized by us during our scientific stay and are now being interpreted by us. The results 
regarding pure one-component films have been elaborated with details and in a form of a full-length 
article sent to Langmuir.
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