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Abstract. The correlated X-ray scattering (CXS) was introduced and compared with other methods 
which  were used to study the structures of the biomacromolecules in solution, such as nuclear 
magnetic resonance (NMR), electron microscope (EM) and small-angle x-ray scattering (SAXS). 
Then a key step which was used to filter the scattering data was put forwarded. And some important 
clusters were obtained with density based scanning method. Finally, the clusters will lay a good 
foundation in computing the correlation in future. 

1. Introduction 
There are many kinds of methods to study the structures of the biomacromolecules in solution, 

such as nuclear magnetic resonance (NMR), electron microscope (EM), small-angle x-ray scattering 
(SAXS) and so on.  The NMR can be used to measure the nuclear magnetic resonance spectrum with 
two dimensions and three dimensions [1]. The three dimensional chemical parameters such as bond 
distance and bond angle of the different atoms can be computed with the position of the peak of the 
nuclear magnetic resonance spectrum[2, 3]. Therefore, the structure of the biomacromolecules in 
solution with three dimensions can be obtained. However, there are some limitations with this method. 
Firstly, the sensitivity is so low that it needs the high concentration of the solution. Secondly, the 
resolution ratio is also low and there is the upper bound of molecular weight. Thirdly, the response is 
so low that limits the stability of the sample. Finally, the weak interaction and the intermediate 
capture technology are deficient [4, 5]. 

The EM can be applied into record the two-dimension projection of a large number of identical 
particles. It can also be used to compute the orientation of each particle. In addition, it can be used to 
reconstruct the three-dimension structure of the particles [6, 7, 8].  But there are also some limitations 
for it. For example, the molecule weight must be large enough. And the resolution is only about 1nm.  
Atomic resolution structure can only be obtained for the high symmetry particles such as icosahedron 
virus. In addition, the ration of the signal and noise is very low because of the radiation damage of the 
electrons. Finally, a lot of images have to be recorded with this method [4, 5, 6]. 

The SAXS method were used more and more recently. There are some distinct advantages. Firstly, 
the crystals are not needed and the experiment can be done in the solution [9]. Secondly, there are no 
limitations for the molecular weight and the concentration of the solution. Thirdly, the experiment 
time is so short that the requirement for the stability of the sample is very low. So it reflects the real 
state of the biomacromolecules. Fourthly, the equipments are very simple and the in-situ 
measurement techniques can be used [4, 5].  However, there are some disadvantages with the SAXS. 
Because the information which can be obtained with the SAXS is very limited. And it is very difficult 
to obtain the three-dimension structure information. Only the rough and low resolution information 
such as the shape, the size, some critical fragment  and the spacial relationship of the  constituents of 
the biomacromolecules can be obtained. Because there are not enough standard experiments and 
structural analysis processes. So the theory of the SAXS is not so perfect compared with the 
crystallographic diffraction.  
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2.  The correlated X-ray scattering(CXS) 
The correlated X-ray scattering (CXS) method with which the structure of the biomolecules in 

solution determined by the X-ray was fist put forward in 1970s by Kam[10]. The model related with 
the SAXS is not needed. And the time integration patterns from X-ray scattering are not be collected 
because the particles rotate freely during the scattering.  Because of the ultrafast and high-flux free 
electron laser pulse, the radiation dose which reaches to the molecules of the sample greatly exceeds 
the limit of the safety radiation dose in crystallographic. And the scattering patterns are recorded 
before the structure of the sample molecules is damaged [10, 11, 12, 13]. 

So it is perfect to analysis the XFEL scattering data with Kam’s theory. Because the scattering 
occurs in the room temperature and the scattering patterns are recorded before the damage. In 
addition, the resolution will not be influenced by the damage of the samples.  The particles of the 
sample were frozen by the concentrated X-ray pulses which are shorter than the freely rotating time 
of the molecules. Thus, the scattering patterns obtained by this method contain the fluctuations of 
angular intensity. And the fluctuations of angular intensity contain many internal structural 
information of many molecules which can be obtained by the correlation of the scattering intensity 
[14]. The information that the correlated scattering data contains is proportional with the cubic of the 
particles’ size [15]. And it is different from the SAXS data with isotropy from which the information 
obtainded is linear with the particles’ size. So in some extent, these information can be used to 
reconstruct the structure of the biomolecules as Kam putforward.  The sum of the angle 
auto-correlation function recovers the disorder of the directions of many molecules [10, 14]. After 
that, Kam studied the details of the electron microscopic analyzed from the space correlation. 
Because the high order correlation measurement was introduced, the rotational uncertainty of the 
spherical harmonic expansion coefficient in the past research was solved. Hence, the three-dimension 
reconstruction without heavy atom  

 

 
Fig. 1  Eight Clusters 

 
marker can be done. These methods were firstly used in the projection of the two-dimension 
transmission electron microscope (2DTEM) and the scanning transmission electron microscope 
(STEM). And then they were used in the three-dimension reconstruction of the virus particles with 
icosahedron in any direction[14, 16].   
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3. The data filtering method with density based scanning  
Because there are millions of X-ray scattering patterns for correlated X-ray scattering method. We 

have to filter the useless scattering patterns and compute the correlation with the good scattering 
patterns. So it is very important to find a good data filtering method to analyse the data. Firstly, we 
calculated the sum of scattering intensity, the median of scattering intensity and the variance of 
scattering intensity. Then, based the density scanning we obtained some clusters of the scattering 
intensity clusters. Throng filtering some small distinct clusters, we can obtain one or two or three 
main clusters. For example, we obtained two clusters with red and orange colours in Fig. 1, we 
obtained red and green colours in Fig. 2 and we obtained one red cluster in Fig. 3 and Fig. 4. So we 
can filter other scattering intensity.  

 

 
Fig. 2 Twenty-One Clusters 

 

 
Fig. 3 Seventeen Clusters 
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Fig. 4 Twenty-Two Clusters 

4. Summary 
   Some methods to study the structures of the biomacromolecules in solution such as nuclear 
magnetic resonance (NMR), electron microscope(EM), small-angle x-ray scattering (SAXS)  were 
described firstly. Then the correlated X-ray scattering was introduced and the advantages of it were 
described too. Finally, a good filtering method was putforwarded  and some clusters were showed. 
The density based scanning method will be very usefull for computing the correlation in future. 
Through the computing the correlation of the scattering  intensity, we can obtain the structure 
information  of the biomacromolecules in solution. 
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