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Abstract 

 

 The antimicrobial peptide alamethicin (Alm) is well known to form ion channels 

(peptide bundles) in lipid membranes. Due to its simple chemical structure and complex 

electrical properties, Alm serves as a model for describing intrinsic ion channels in 

mammalian systems. In this thesis we investigated the supramolecular organization of 

Alm in fluid lipid model membranes by using x-ray scattering. 

 

 Oriented multilayer samples of Alm/lipid mixtures are used in this thesis. When the 

hydration level is sufficiently high, the interactions between the peptide bundles in 

different layers are negligible. Bragg rod shaped in-plane scattering side peaks caused by 

Alm bundles are obtained. To account for the positional correlations between the peptide 

bundles in a single bilayer, a hard disk model with and without long distance interactions 

is considered. The qr dependence of the form factor, which is the Fourier transform of the 

electron density distribution of the peptide bundle, is modeled in two ways. One 

approximates the bundle as a cylinder (solid bundle) and the other uses the bundle 

structure from molecular dynamics simulations (MD bundle). The lateral in-plane 

scattering intensity is fit by the product of the structure factor and the form factor. The 

fitting results indicate that the number N of peptides per bundle is 6 in DOPC and NÓ8 in 

diC22:1PC. The difference is well described by the hydrophobic matching mechanism. 

 

 When the Alm/lipid sample is progressively dehydrated, the maximum position of 
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the side peaks shifts away from the equator (qz=0). This is consistent with repulsive 

interactions at short distances between peptide bundles in different layers. The observed 

shifting is demonstrated by two types of correlations between neighboring layers, a hard 

disk correlation and a Lennard-Jones type correlation. Crystal like scattering peaks are 

obtained by removing most of the water molecules from the sample. The scattering 

pattern does not fit the proposed hexagonal close-packed or the rhombohedral structure. 

The pattern was better fit  by the body centered tetragonal and the monoclinic structure.  

 

 A second diffuse peak located at qr ~0.7 Å
-1

 is obtained in well-hydrated samples of 

both DOPC and diC22:1PC at all peptide concentrations. A phase separated 2-D 

hexagonal packing cluster model in equilibrium with Alm bundles is proposed. 
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Chapter 1 

Motivation for study and overview of alamethicin 

 

1.1 Motivation for study 

 Extensive studies on membrane-protein systems have revealed that the cell 

membrane does not provide just a passive matrix, but rather plays an essential role in 

shaping the energetics and kinetics as well as distribution of integral proteins [1, 2]. One 

such mechanism is through membrane deformation caused by hydrophobic coupling 

between the hydrophobic core of the lipid membrane and the protein's hydrophobic 

domain [3]. The incurred energy cost of such deformation depends on membrane 

thickness, bending elasticity, area stretch modulus, and intrinsic curvature [4-6]. As a 

result, protein function can be modulated by varying the membrane mechanical and 

structural properties [7]. 

 

 One particular interest in this thesis is to investigate how the size distribution of the 

ion channels formed by the antimicrobial peptide alamethicin (Alm) changes as a 

function of lipid properties. Both macroscopic [8-14] and single channel [15-17] 

conductance measurements have shown that the conductance behavior of the Alm 

channel depends on lipid properties. A particular example is that when Alm was 

incorporated into a series of monoglyceride/squalene membranes with chain length 

ranging from monomyristolein (14 carbons) to monoeicosaenoein (20 carbons), the 

apparent mean number of peptides per channel N increases as the membrane thickness 
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increases [12]. A larger probability for higher conductance states (larger N) has also been 

observed when Alm inserts into PE lipids which have a smaller headgroup than the 

typical bilayer forming PC lipids [18].  

 

 Several mechanisms have been proposed to account for the lipid property influence 

on peptide aggregate size distribution. By ignoring the thickness mismatch, line tension 

calculations suggested that the non-ideal cylindrically shaped inclusions can distort the 

neighboring lipid molecules. Because the distortion depends on the lipid spontaneous 

curvature and the bending modulus, this will give rise to the observed lipid dependent 

aggregate size distribution [19]. Unlike the line tension which focuses on the lipid 

molecules in the vicinity of the aggregate, the lateral stress coupled with the lateral 

excluded area of the peptide aggregate have also been suggested to be responsible for the 

lipid effect on the aggregate size distribution [20]. It has also been suggested that the 

average number of peptides present in an aggregate depends on the degree of mismatch 

of the hydrophobic thickness between the peptide inclusions and the lipid bilayer [21].  

 

 Stable channels through which the antimicrobial activity of Alm is carried out have 

also been observed by applying neutron [22, 23] and x-ray [24, 25] scattering techniques 

where no external voltage was present. These stable channels are different from the 

dynamic single channels in the conductance measurements [24]. However, the results of 

the stable channel size are difficult to reconcile due to the different techniques and sample 

preparation methods. Our first mission of this thesis is to investigate the effects of lipid 
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properties on the stable Alm channel size by using two lipid model membranes, DOPC 

and diC22:1PC shown in Fig. 1.1 which have different bilayer thickness by ~7 Å. 

 

 

Figure 1.1: Lipid structures of (A) DOPC and (B) diC22:1PC (images from Avanti Polar 

Lipids).  

 

 The vast interest in the antimicrobial peptide Alm has lasted for more than 40 years, 

during which many of its intriguing electrical and structural properties have been 

discovered and a number of models concerning its voltage-gating mechanisms have been 

proposed (see review articles [16, 26-31]). Many such channel models are based on the 

crystal structure [32, 33] and the structure obtained from NMR [34] with the assumption 

of a barrel-stave like arrangement of the multimonomeric channel [35]. It is very difficult 

to obtain direct structural information of the ion channel in lipid membranes. One major 

problem is the fluid-like lipid membrane environment with thermal fluctuations that 

abolishes the higher scattering orders needed for high resolution structural 

characterization [36].  

 

 To alleviate this difficulty one may dehydrate the sample and consequently decrease 
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the fluctuations of the lipid membranes [37]. Indeed, crystal-like scattering from 

antimicrobial peptides, magainin and protegrin, embedded in lipid model membranes has 

been observed at low hydration conditions [38]. Based on the scattering patterns, several 

packing structures have been suggested including hexagonal close-packed (hexagonal AB 

stacking) structure [39], rhombehedral (hexagonal ABC stacking) structure [24, 38], and 

2-D monoclinic structure [38]. However, only a few orders in the in-plane direction were 

observed. This limitation not only makes the packing structure determination ambiguous 

(several packing structures can fit the same set of data) but also causes the electron 

density construction in the in-plane direction difficult. The second mission of this thesis 

is to explore the Alm packing structure in lipid model membranes at very dehydrated 

conditions by applying a transmission scattering setup.  

 

 A recent molecular dynamics (MD) simulation study showed that Alm forms a large 

cluster spontaneously in lipid membranes [40]. However, an early EPR spectra 

measurement suggested that the majority of the Alm peptides were monomeric when they 

were incorporated into lipid membranes [41, 42]. Similar controversial results have been 

reported for spin labeled samples [43, 44]. Aside from this, different peptide aggregation 

states have been observed in other proteins such as the striated domain formation in 

supported lipid bilayers [45-48], parallel segregation at monolayer/water interface [49, 

50], and spontaneous 2-D array formation of transmembrane (TM) proteins in purple 

membranes [51-53]. Our third mission of this thesis is to probe the aggregation state of 

Alm in lipid membranes. 
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1.2 Overview of alamethicin 

 Alm was discovered in the culture broth of the fungus Trichoderma viride in 1967 

[54]. It is a member of the antimicrobial peptides (AMPs) which have a broad spectrum 

of antimicrobial activities against microorganisms through membrane disruption [55, 56] 

illustrated by the three models in Fig. 1.2. In the barrel-stave model which was first 

introduced to account for the single channel conductance of Alm [35], the amphipathic 

peptides form a barrel like bundle which acts as the channel wall. In the worm-hole (also 

called toroidal) model which was proposed to describe the maganin (a 23-residue AMP) 

induced pore [57, 58], each monolayer bends continuously at the channel region. The 

lipid headgroups stagger with the helical peptides forming the channel structure. In the 

carpet model, the peptides crowd together at the surface of the lipid bilayer leading to 

micellization [59]. 

 

Figure 1.2: Three models illustrating the antimicrobial mechanisms. (A) Barrel-stave 

model, (B) Worm-hole (toroidal) model, (C) Carpet model. 

 

 The primary structure of Alm consists of 20 amino acids with a phenylalaninol (Phol) 
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at the C-terminal end and the N-terminal end being acetylated. Due to the lack of free 

Ŭ-amino groups, Alm was first though to be cyclic [54, 60]. The linear sequence was 

established later by performing NMR [61, 62] and by comparing the solid phase synthetic 

analogue to the naturally occurring compound [63, 64]. Thin layer chromatography (TLC) 

[65] revealed that there is more than one component in the naturally occurring Alm 

peptide even though sedimentation analysis suggested a reasonably homogeneous 

molecular weight [66]. The main components were later identified as F30 and F50 

according to their mobility. The primary structure of F30 is 

acetyl-Aib-Pro-Aib-Ala-Aib-Ala-Gln-Aib-Val-Aib-Gly-Leu-Aib-Pro-Val-Aib-Aib-Glu- 

Gln-Phol. F50 is different from F30 by replacing Glu
18

 with Gln
18 

[67]. 

 

Figure 1.3: Crystal structures of three Alm molecules in one unit cell [32]. 

 

Structure: The high content of the Ŭ-amino-isobutyric acid (Aib), which is believed to 

act as helix former [68-71], decreases the flexibility of the peptide chain and produces a 

highly helical backbone. The crystal structure of Alm is shown in Fig 1.3 [32, 33]. The 
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main conformation of the peptide is an Ŭ-helix except some deviation in the C-terminal 

segment (310 helix). In order to accommodate the ring structure of Pro
14

 into the Ŭ-helical 

backbone, the helix axis bends away from the ring direction. The resulting Alm 

conformation can be idealized as two Ŭ-helical segments (1-13 and 14-20) with an angle 

~20
o
 between the two axes. An interesting result is that the two residues Gln

7
 and Glu

18
 

with polar side chains in addition to the solvent accessible carbonyl oxygen atoms of 

Aib
10

 and Gly
11

 lie on a strip which is believed to form the interior of the ion channel. 

The existence of the polar strip was later confirmed by a H-bonding measurement 

between the peptide resides and methanol using 
13

C and 
15

N NMR spectroscopy [72].  

 

 Other methods have also been applied to explore the peptide conformation in organic 

solvent and lipid membranes. The N-terminal segment was always found to be Ŭ-helical 

[34, 73-76], consistent with the crystal structure. However, the C-terminal segment is less 

conclusive [76, 77]. Both extended ɓ-sheet [34, 73] and Ŭ-helix similar to the crystal 

structure [74] have been proposed. 

 

Energetics of channel formation: The helical structure of Alm enables us to treat it 

as a macro-dipole with dipole moment ~40-80 Debye [78, 79]. It is mysterious then how 

the peptides can form a parallel bundle (open channel) with such strong repulsive dipole 

interactions present. One mechanism stabilizing the bundle structure is the H-bonds 

between the side chains of Gln
7
 [32]. Indeed, when the side chain of Gln

7
 is replaced with 

shorter ones, the channel becomes less stable and eventually the channel activity vanishes 
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when Ala replaces Gln
7
 [80]. Other mechanisms contributing to channel stabilization 

have been revealed by MD simulations. Significant amounts of H-bonds between Gln
7
 

and the inner-bundle water molecules that stabilize the bundle structure have been 

reported [81]. Further examination of the energetics indicates that the electrostatic 

component of the bundle/water interaction is about 10 times larger than the helix/helix 

interaction. Peptide/lipid H-bonds between the side chains of Glu
18

, Gln
19

, Phol
20

 and the 

phosphate, glyceryl, acyl oxygens of the neighboring lipid molecules have also been 

reported [82]. These H-bonds help to further stabilize the helix bundle by anchoring it to 

the lipid bilayer and slow down the peptide migration rate [83]. This also explains the 

preference for the insertion through the N-terminal segment and the asymmetrical 

current-voltage curve when Alm was added to one side of lipid membranes [9, 10, 84 ].
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Chapter 2 
 

Experimental and Monte Carlo simulations 
 

2.1 Introduction 

 We used oriented multilayer samples in this thesis. They have the advantage over the 

3-D powder averaged multilayer vesicles (MLV) in that the lateral organization (r 

direction) can be separated from the organization along the bilayer normal (z direction). 

Due to the length scale (~30Å) of the Alm peptide, the scattering intensity is 

concentrated at qzÒ2p/30=0.2 Å
-1

. A small glancing angle Ŭ was applied to study the 

in-plane scattering by Alm bundles. A transmission scattering experiment was also 

employed in order to obtain the scattering at qz=0. 

 

 In this chapter, first we will discuss some experimental details of the optical setup, 

the background subtraction, the hydration level measurement (lamellar repeat spacing D) 

and the hydration level control for both the grazing incident and the transmission 

scattering experiment. After that, we will introduce Monte Carlo (MC) simulations that 

will be applied to estimate the positional correlation between the peptide bundles in 

oriented multilayer samples in later chapters. 
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2.2 Oriented multilayer sample preparation 

 DOPC (di18:1PC) and di22:1PC were purchased form Avanti Polar Lipids 

(Alabaster, AL).  Alm was purchased from Sigma-Aldrich (Milwaukee, WI).  This is a 

natural, purified 20 amino-acid peptide from Trichoderma viride consisting of 85% Alm I 

(F30) and 15% Alm II. These differ in the amino acid at the 6
th
 position: alanine in Alm I 

and aminoisobutyric acid (Aib) in Alm II. 

 

 4 mg of pure lipid was added to a chloroform:trifluoroethanol (TFE) solvent mixture 

(v:v 2:1 or 1:1) and to this was added the appropriate amount of Alm from a chloroform 

stock solution (1 mg/ml). Peptide to lipid mole ratios between 1:75 and 1:10 were studied. 

The mixture was plated onto the 1.5cm×3cm surface of a polished silicon wafer using the 

rock and roll procedure [85, 86].  The samples were allowed to dry for one day in a 

glove box with solvent-rich atmosphere and an additional day in a fume hood.  They 

were then trimmed to a strip 0.5cm×3cm in the center of the silicon wafer and stored at 

2
o
C in a dessicator prior to x-ray measurements. 

 

Figure 2.1: An example of the oriented sample (DPPC) deposited on a Si substrate 

(picture was taken from [86]). 
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2.3 Chamber 

 Resolution of the vapor pressure paradox, in which an oriented multilayer sample 

hydrated through the vapor has a reduced level of hydration compared to a sample 

immersed in excess water, required excellent temperature control [87]. Our thick-walled 

sample chamber enables us to hydrate the oriented sample to full hydration.  

 

 

Figure 2.2: An image of the NIH chamber used to control the hydration level and the 

temperature of the oriented multilayer samples and manipulate the sample rotation and 

position. The walls are 1" thick and a 1" thick cover (not shown) screwed onto the top. 

Each window has mylar covering both the outer (visible for the entrance window) and 

inner (visible for the exit window) hole in the chamber wall. 

 

 The sample chamber we used for all of our experiments is the NIH chamber which 

was designed and built by Drs. Stephanie Tristram-Nagle, John Nagle, Horia Petrache 
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and Adrian Parsegian at the NIH in Bethesda [88]. Figure 2.2 shows a top view of the 

chamber. There are several essential design features which has been described in [88, 89]: 

1. A Peltier stage which cools or heats the sample relative to the rest of the chamber in 

order to vary the sample hydration level. The Peltier is the same size as the silicon 

substrate used to deposit our sample. Dow Corning heatsink compound is used to 

achieve better thermal contact between the sample substrate and the Peltier stage.  

2. A rotation motor which rotates the sample holder independently from the rest of the 

chamber in order to sample all relevant angles. The rotation motor enables us to 

rotate the sample continuously so we can look at all of the lamellar peaks. It is also 

important for background subtraction as will be discussed in the following sections. 

3. Two tubes connected to a temperature-controlled water bath (Julabo) in order to 

control the temperature uniformly. The tubes bring the water into channels within 

thick walls of the aluminum chamber. In this way we were able to adjust the chamber 

temperature quickly and maintain uniform, constant temperature. 

4. Two helium ports which allow for the replacement of air by helium to reduce 

background scattering.  

5. Double mylar windows for both the entrance and the exit x-ray paths. Between each 

window, there is a heating wire. By running a small current though the wire, the heat 

generated was sufficient to prevent water condensation onto the inside mylar window 

due to the temperature gradient between the inside and outside of the chamber. 

6. A water pool below the Peltier stage that provides the moisture to hydrate the sample 

within the chamber.  
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7. A piece of ashless filter paper which is glued to the top of the chamber with one end 

immersed in the water pool in order to increase water evaporation surfaces. 

 

 During the experiment, the chamber is attached to a large motorized stage which is 

capable of moving both laterally and vertically. In this way we can adjust the position of 

the sample that is x-rayed. 

 

2.4 Optical setup 

 The grazing incident x-ray scattering experiments were carried out at the G-1 station 

(May 2008) at the Cornell High Energy Synchrotron Source (CHESS). Figure 2.3 shows 

the optical schematic of the G-1 beamline. In the G cave, a W:B4C multilayer (APS 

Optics Lab, Argonne, IL) was used to select the x-ray energy and suppress high order 

harmonics. The energy dispersion is ~1.1%. In our experiment, a wavelength ɚ of 1.18¡ 

was used. The upstream slits S1 and S2 are primarily used to define the beam size (~0.2

¦1 mm). The most downstream slit SG acts as guard slit to block parasitic scattering 

from slits, air, and other sources. The two ion chambers, I1 and I0, were used to measure 

the energy and the photon flux (3¦10
11

/sec) of the incident x-ray.  

 

 For the transmission scattering experiment, we used a Rigaku RUH3R microfocus 

rotating anode at the power of 40kV×100mA (Woodlands, TX) equipped with a Xenocs 

FOX2D focusing collimation optic. The x-ray wavelength is 1.54 Å (Cu Ka).  
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Figure 2.3: Optical schematic for G-1 beamline at CHESS (drawing adapted from Arthur 

Woll). Garage door is for the protection of the CCD; SG is the guard slit; I1 (He) and I0 

(N2) are two ion chambers filled with He and N2 respectively; S2 and S1 are the two 

slits in the hutch; Hst is the horizontal slit in the cave. 

 

2.5 CCD Detector  

 A CCD detector "Flicam" (Finger Lakes Instrumentation, Lima, NY) with 1024¦

1024 (0.070mm/pixel) size was used at CHESS and a Rigaku Mercury CCD detector 

with 1024¦1024 (0.069mm/pixel) size was used at CMU to measure the scattered x-rays. 

Before processing any image, some standard corrections need to be done [90]. 

 

 Zinger elimination: when using a CCD x-ray detector each image will have a 

random distribution of bright spots called zingers. Zingers come from cosmic rays, alpha 

particle decay and other radioactive events in the glass in the fiber optic taper. Although 

few pixels have zingers they tend to dominate averaging processes because of their great 

intensity. This is why they need to be identified and eliminated. One technique for doing 

so is statistical dezingering. Consider a pixel on N identical images. The average 
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intensity can be estimated by the median value and the deviation ů can then be predicted. 

The probability that an individual intensity value lies outside of Ñ5ů is less than one in a 

million unless a zinger occurs. Conversely, if a value contains a zinger it will easily lie 

outside this range. Excluding all such values should eliminate zingers without 

eliminating information about the x-ray image. In general, the number of zingers scales 

with the length of the exposure. For this reason, it is advantageous to add together many 

short scans as opposed to taking one long scan. Figure 2.4 shows two images before and 

after the statistical dezingering. As the process uses more than one image, the signal to 

noise ratio in Fig. 2.4B is improved compared to a single image in addition to the 

elimination of the bright spots in Fig. 2.4A 

 

 

 

Figure 2.4: (A) An individual image with some zingers indicated by the bright spots. (B) 

Image after applying statistical dezingering. 

 

 Dark background: there is thermally generated charge in the CCD chip, which 

will give rise to counts even when there is no incoming radiation. For this reason, a dark 
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background image, which is taken with the incoming x-ray completely blocked and has 

the same exposure time, is subtracted out from each scattering image. 

 

 Distortion and intensity corrections: a geometrical distortion correction due to 

the fact that the CCD array is not a perfect grid and a sensitivity correction due to the 

different response of each pixel to the same count of the incoming x-ray are also needed. 

These corrections are performed aromatically by the Spec software (CHESS) and the 

Crystal Clear software (CMU). 

 

2.6 Grazing incident scattering experiment 

 Although we used a small incident glancing angle (Ŭ=0.2
o
), our grazing incident 

scattering experiment is not the same as the surface sensitive grazing incident scattering 

experiment [36] because our glancing angle is larger than the critical angle of the Si 

substrate (Ŭ=0.17
o
). The main purpose of this experimental setup is to explore the 

scattering near qz=0. Depending on the regime in the reciprocal space investigated, the 

setup is refined to two subcategories, low angle scattering (LAXS) and wide angle 

scattering (WAXS).  

 

2.6.1 Grazing incident glancing angle 

 There are three main criteria for the choice of the grazing incident glancing angle Ŭ. 

(1) The first is that the angle should be as small as possible. When the angle is smaller, 

the scattered x-rays are blocked less by the sample and the silicon substrate. This is 
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shown by the height of the black horizontal strips in Fig. 2.5 where we looked at three 

different incident glancing angles from 0.05
o
 to 0.2

o
. (2) The second criteria is that the 

scattering pattern should be as simple as possible. As indicated by the red circle regions 

in Fig. 2.5, when Ŭ is smaller than the critical angle of the silicon substrate (Ŭ=0.17
o
) 

(http://www-cxro.lbl.gov/), each lamellar peak has a weaker "ghost" peak that occurs at 

slightly higher angle. Figure 2.6 illustrates the mechanism of the "ghost" peak which is 

due to the total external reflection by the silicon substrate. (3) The third criteria is that the 

scattering intensity should be as strong as possible for the same exposure. From Fig.2.5 

we see that when Ŭ is the smallest, 0.05
o
, the scattering is also the weakest. This is 

mainly due to the increased absorption by the lipid sample. An interesting observation in 

Fig. 2.5C is that even when the glancing angle is smaller than the critical angle of the 

lipid bilayer (0.11
o
), the lipid surface does not give total reflection due to the undulation 

of the sample surface. Based on the above criteria, we used Ŭ=0.2
o
 for all of the grazing 

incident glancing angle experiments except the wide angle x-ray scattering experiments 

taken at CMU where a slightly larger glancing angle (0.5
o
)
 
was used in order to increase 

the signal to noise ratio. 
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Figure 2.5: X-ray scattering images at three different incident glancing angle Ŭ (A) 0.2
o
, 

(B) 0.1
o
, (C) 0.05

o
. The color scale and the time of exposure are the same for all three. 

The red circles indicate the position of the 5th lamellar peak. The vertical strip is a piece 

of molybdenum used to attenuate the direct beam and the lower order lamellar peaks.   

 

 

Figure 2.6: Illustration showing the splitting of lamellar peaks when the incident glancing 

angle Ŭ is less than the critical angle of the silicon substrate (drawing adapted from [89]). 

The pair of K i1 and K f1 are the normal wave vectors. The total internal reflection K i2 

gives rise to a second scattered wave vector K f2. 
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2.6.2 Background subtraction 

 The CCD does not only record the scattering from our oriented samples, but also 

from other scattering sources, including the ~2mm air gap between the x-ray flightpath 

and the chamber, the mylar windows of the chamber, and gas molecules in the chamber 

are all capable of scattering the incoming x-ray. The idea of subtracting out the scattering 

other than from the sample is to set up a pair of identical paths for the incoming x-ray 

except that one has sample and the other does not. Figure 2.7 shows how this goal was 

achieved [89, 91]. By comparing Fig. 2.7A and Fig. 2.7C we see that the only difference 

of the two paths for the data collection and the background collection setup is the path 

along the silicon substrate, which is negligible as the chamber is filled with helium which 

has small scattering compared to air. For the rest of the paths, both downstream and 

upstream relative to the sample are the same. In this way the extra scattering can be 

almost completely subtracted. 

 

Figure 2.7: Schematic for grazing incident x-ray scattering experiment. (A) Sample data 

collection and (C) Background data collection. The red region represents the incident 

x-ray; the blue region represents the sample; the gray region represents the sample 

holder. 
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Figure 2.8: Background subtraction for low angle scattering image (Ŭ=0.2
o
). (A) Sample 

scattering, (B) Background scattering, (C) Sample scattering with background scattering 

subtracted (different color scale).  

 

 An example of the background subtraction in the low angle regime is shown in Fig. 

2.8. In Fig. 2.7A, the bright spot at qz=0 is the direct beam after attenuation by a 220mm 

molybdenum (Mo) beam attenuator. The finger shaped black strip is a 100 mm Mo 

attenuator used to attenuate the first two lamellar peaks shown as bright spots located at 

qz~0.11 and 0.22 Å
-1

. The thickness of the attenuators was chosen so that there is enough 

transmitted scattering for position determination of the direct beam and the lamellar 

peaks which are used for lamellar repeat spacing D measurement. Figure 2.8B shows the 

background image from which we see that the majority of the background is the splash 

located near the direct beam. The subtracted image is shown in Fig. 2.8C which shows 

that the direct beam and the splash are almost completely subtracted out. The remaining 


