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Bio-membrane Structures Probed by 
Lamellar X-ray Diffraction

Lamellar X-ray Diffraction (LXD) can be used to probe bio-membrane structure at different temperature and 

humidity conditions. The results will be widely applied in biological fields, such as membrane-protein structure, 

protein-membrane interaction and bio-chip. A bio-membrane scattering/diffraction end station has been 

established for the applications at beamline BL13A of National Synchrotron Radiation Research Center (NSRRC). 

The brighter and highly collimated X-ray beam and well-developed temperature and humidity controlled chamber 

were provided to users for bio-membrane structure determination. We will shortly introduce LXD on probing bio-

membrane structure in this report.
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Introduction

The bilayer structure of membrane is formed in aqueous 

solution by the self-assembly of amphiphilic lipid molecules. 

As a "wall" to isolate the inside and outside of the cell, the 

membrane plays an important role on the living cell. It can not 

only support and protect the whole cell, but also communicate 

the materials inner and outer the cell. In order to keep the 

biological functions working well, there are many functional 

molecules on the bio-membrane, such as protein, carbohydrate, 

cholesterol and vitamins [1]. Recent investigations show that 

membrane-proteins can fold to correct structure to function 

well when they interact with bio-membranes under the suitable 

conditions. The study on bio-membrane structure is the key 

issue in the biological and medical fields. On the other hand, 

lipid bilayer is two dimensional fluid with biological meaning. 

It is related to not only life science but also complex system. 

Its structure and physical properties will be changed with 

environmental conditions, such as temperature, pressure and PH 

value. Because of variable and interesting phase behaviors, it is 

suitable to be a model system to study soft matter and thin film.

Therefore many researchers began to study the pro-

perties of membrane. Theoretically, physicists applied 

the methods based on statistic physics and elastic mec-

hanics to study bio-membrane. The new branch of physics, 

membrane physics, was consequently born. Due to the 

fast development in computer, Molecular Dynamics (MD) 

and Monte Carlo (MC) were frequently used to simulate 

bio-membrane system and obtained many useful results. 

But the atom numbers in real bio-membrane system is 

too large to be simulated. The dimension and time scale 

of simulation are highly limited. Experimentally, many 

techniques were used to study bio-membrane, such as X-ray 

diffraction and Nuclear Magnetic Resonance (NMR) on bio-
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membrane structure; Differential Scanning Calorimeter on 

transition temperature and latent heat in phase transition 

of bio-membrane; Aspiration method on mechanical pro-

perties of membrane of Giant Lamellar Vesicle (GUV); and 

liquid Atomic Force Microscope (AFM) on morphology of 

membrane in excess water.

X-ray is the powerful tools used to study bio-membrane 

structure, protein structure and DNA structure in molecular 

biology. X-ray scattering and diffraction play the important 

roles in such studies. Especially for the determination of bio-

membrane structure, X-ray diffraction is well-known and 

most reliable one. Comparing to electron microscopy with 

changing the conditions where bio-membrane exist (frozen 

for sample preparation and vacuumed for measurement), 

X-ray diffraction can be used in the similar conditions of living 

cell, for example, in excess water or high humidity vapor. In 

the early studies, X-ray diffraction was used to me-asure the 

structure of multilamellar vesicles in aqueous solution (Fig. 1). 

Sample was mounted in temperature controlled diffraction 

chamber during X-ray diffraction measurement. After data 

reduction form diffraction pattern, the scattering amplitudes 

were obtained (Fig. 2). The advantage of this method is 

that sample is in aqueous solution which is similar to the 

condition of living cell. But due to disorder of sample in water, 

the scattering signal-to-noise ratio will be reduced. In general 

case, only four diffraction peaks are available [2]. Therefore 

the accuracy is not enough to probe the fine structure 

and small change of bio-membrane structure. Recently 

many investigators prepared mutilamellar samples on 

substrate (Fig. 3) and put them in temperature and humidity 

controlled chamber to do X-ray diffraction measurement 

in high humidity condition (>90%). Due to the absence of 

disturbance in solution, at least six diffraction peaks are 

available (Fig. 4) and the accuracy is greatly improved. The 

method was used to determine the fine structure of bio-

membrane in this decade [3].

Synchrotron radiation X-ray source has the advantages 

of high flux, highly collimated and small spot size. It can 

not only improve the accuracy further but also reduce the 

amount of the sample. For extreme expensive and very 

hardly obtained biological samples, it can reduce the cost 

Fig. 1: The carton of multilamellar vesicles.

Fig. 2: Typical scattering amplitude data of multilamelar 
vesicles [2].

Fig. 3: The carton of lamellar bilayers on substrate.

Fig. 4: Typical scattering amplitude data of amellar bilayers on 
substrate by using LXD.
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and increase the efficiency of the experiment. Therefore, a 

bio-membrane scattering/diffraction end station has been 

established for the applications at beamline BL13A, NSRRC. 

The LXD experiments on bio-membrane can be conducted 

with well-developed temperature-humidity controlled 

chamber, four-circle diffractometer and point detector. It 

will be a great benefit on bio-membrane related researches.

Experimental method

1. Sample preparation of lamellar bilayers [3] (Fig. 5)

(1) Lipid was co-dissolved in a solvent of 1:1 (v/v) 

methanol and chloroform. The lipid concentration 

was about 1 mg per 20 l solvent.

(2) The solution of appropriate amount was spread onto 

an extremely cleaned substrate (glass, quartz surface 

or silicon wafer).

(3) When the solvent dried, the sample was vacuumed 

to remove the remaining solvent residues, and then 

slowly hydrated with water vapor until it appeared 

transparent.

A good sample was visually smooth, and showed at 

least five Bragg diffraction peaks by LXD.

2. Temperature and humidity control

Since the structure of membrane is very sensitive 

to temperature and humidity, it is crucial to well control 

temperature and humidity for successful LXD experiments 

of membranes. The temperature-humidity controlled 

chamber is schematically shown in Fig. 6. The sample 

chamber consists of (1) a sensor of temperature and hu-

midity, (2) Mylar windows for incident and reflected 

X-rays, (3) sample, (4) temperature sensor of sample, (5) 

insulating plate, and (6) water cup. By injecting various 

polyethylene glycol (PEG) solutions into the water cup, 

the chamber humidity can be controlled precisely. The 

corresponding humidity of each PEG solution was pre-

measured with a calibration chamber provided by the 

hygrometer manufacturer (Rotronic Instrument Co.). A 

typical concentration used in this study was 1g of PEG400 

in 4.00g water, which gave a 98.0% relative humidity 

at 30°C. The relative humidity could be well controlled 

from 10% to 98% via various PEG solutions and different 

temperature gradients between water cap and chamber. 

The temperature was monitored by a K-type thermocouple 

and controlled by a computer via a feedback thermo-

electric module. The temperature could be controlled from 

10° to 60°C with the stability of ±0.05°C for several days.

3. Lamellar X-ray Diffraction (LXD)

The procedure for data reduction is described in Fig. 7. 

Let oriented lipid bilayers are stacked along the z direction, 

see Fig. 7A. There are water layers between the lipid bilayers. 

The wave vector of incident X-ray is ki and wave vector of 

reflected X-ray is ks. The incident angle of X-ray to membrane 

plane (x-y plane) is  . By momentum conserved, the 

momentum transfer of x-ray after reflection is,

 where  is the wavelength of X-ray. Because the lipid 

bilayers are stacked along the z direction, the electron 

density of membranes is periodic along the z direction. 

The repeat spacing distance is D, including the membrane 

thickness PtP and water layer thickness DW, that is,

Fig.5: Procedure of preparation lamellar bilayers sample on 
substrate.

Fig. 6: Schematic of temperature-humidity controlled chamber.
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