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INTRODUCTION 
 

Protein crystallization is a complex process, which is influenced by multiple parameters [1]. Empirical knowledge 

facilitated development of several screening methods to enhance the overall crystallization hits [2]. Efforts are 

continuing to improve the protein crystallization screens [3, 4]. Despite the remarkable progress made, protein 

crystallization is still a major bottleneck [5].  

 

The most successful precipitants for protein crystallization are Polyethylene Glycol (PEG) and Ammonium Sulfate 

[6]. PEG is widely used in the crystallization of proteins, which are either crystallized alone or in complex. The 

various PEG related parameters such as different PEGs types, their concentration and molecular mass as well as 

influence of pH and salt concentration of the crystallizing solution have been studied for improving the 

crystallization process and introducing new commercial screens [7 ,8]. However, the influence of different PEG type 

and their concentration on crystallization of major group of proteins and their classes needs further exploration. With 

increasing number of structures available in the Protein Data Bank (PDB; till date ~98720 proteins structures solved 

through X-ray), the influence of different PEG types & concentration on protein crystallization can be easily 

ascertained. 

 

 

METHODOS 
 

Protein sequences having 30% sequence identity and crystallized with PEG are downloaded from Protein Data Bank 

(PDB) [9]. Out of the downloaded 9410 X-ray diffracted protein entries; two separate experimental dataset 

comprised of 1441 soluble protein and 43 membrane protein entries has been manually curated. The protein entries 

are curated after excluding the entries crystallized in complex with any type of ligand including protein/peptide/any 

chemical entity such as ATP etc. and also the entries possess inadequate and insufficient crystallographic 

information. The experimental dataset for soluble proteins is further divided for analytical purpose into four sub-

datasets of ‘All Alpha (423)’, ‘All Beta (323)’, ‘Alpha and Beta [a/b (165); a+b (530)]’ proteins as per the Structural 

 
Polyethylene Glycol (PEG) is a major precipitant in protein crystallization. This study focused on 
analytical estimation of different PEG types and their concentration on protein crystallization. The results 
indicate that ~84% of soluble proteins and ~78% of membrane proteins are crystallized with six PEG 
types (PEG3.35k>4k>8k>0.4k>6k>2kMME) and four PEG types (PEG3.35k>4k>6k>8k) respectively. The 
~48% of soluble and ~62% of membrane proteins are crystallized with PEG3.35k & PEG4k only. 
Therefore, PEG4k may be used as an independent screening agent in PEG only commercial screens. 
Except PEG0.4k, remaining five PEG types contribute ~15-20% of soluble protein crystallization at 25% 
w/v concentration. The various classes of soluble protein i.e. All Alpha, All Beta and Alpha & Beta (a/b & 
a+b) does not show distinct preference for different PEG types. These results can be used to improve the 
PEG based protein crystallization commercial screens. 
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Classification of Protein (SCOP) [10]. The percentage of proteins crystallized by different PEG types & their 

concentration profile was manually calculated and analyzed.       

 

RESULTS AND DISCUSSION 

 

PEG is known as one of the main precipitant for protein crystallization. PEG parameters directly influence the 

protein crystallization is determined either through data mining [11] or surveys [12]. Considering the tremendous 

growth of PDB database, two experimental datasets of protein (soluble and membrane) entries having 30% sequence 

identity and crystallized with PEG is prepared to determine the relationship between PEG types and their 

concentration on the crystallization of Proteins. The dataset of soluble proteins is further subdivided in to various 

classes of proteins to assess the occurrence of preference(s) towards PEG types and their concentration by any 

particular class. Considering the statistically less number of entries, the membrane protein dataset is not subdivided 

in to various classes. The 30% sequence identity criteria selected to incorporate only the unique sequences or 

sequences of least similarity in the experimental dataset [13]. The protein-protein complexes crystallized with PEG 

is not included in the dataset as they are studied earlier in detail [12]. Both the datasets were checked manually and 

found to possess the non-redundant crystallization conditions. In addition to PEG as a precipitant, ~20% of 

experimental dataset entries also possess Ammonium Sulfate or Sodium Chloride or MPD or combination of them 

as an additive.   

 
Fig: 1 shows the percentage of various classes of soluble proteins (alone) crystallized with different PEGs. The classes of 

protein are All Alpha (Grey), All Beta (Black) and Alpha & Beta (a/b - Starred & a+b – Black and White points)) types. The PEG types 
used based on the crystallizing conditions reported in PDB database.    
………………………………………………………………………………………………………………………… 
 

In total, ~84% of soluble proteins are crystallized by just six PEG types [PEG3.35k (26.08%) > PEG4k (21.95%) > 

PEG8k (13.8%) > PEG0.4K (8.26%) > PEG6k (7.96%) > PEG2kMME (5.64%)] [Figure-1]. These results are in 

agreement with earlier studies, which shows that most of the proteins are crystallized with few PEG types mainly 

3.35k, 4k, 6k & 8k [14, 15]. The results obtained here imply that only six PEG types substantially cover protein 

crystallization space. The percentage of soluble proteins (~62%) crystallized with three PEG types i.e. PEG3.35k, 4k 

& 8k shows that nearly double the percentage of proteins crystallized with these three PEG types in comparison to 

earlier studies. The difference is due to the inclusion of proteins having unique sequences or sequences of least 

similarity alone in this study. Out of the six PEG types, the two PEGs i.e. PEG3.35k and PEG4k contribute in the 

crystallization of ~48% soluble proteins. PEG3.35K used alone as a screening agent in commercial PEG screens 

such as PEG/ion screen (Hampton Research) and PEG suite (Qiagen). These results suggest that PEG4k, like 

PEG3.35k, can also be used independently as a screening agent for preliminary screening of proteins in commercial 

crystallization screens especially when the protein sample is precious. The commercial availability of an 

independent PEG3.35k & PEG4k screen will certainly enhance the overall efficiency of protein crystallization.  
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In total, ~78% of the membrane proteins are crystallized by just four PEG types [PEG3.35k (35.1%) > PEG4k 

(27.0%) > PEG6k (8.1%) > PEG8k (8.1%)] [Figure-2]. Like soluble proteins, PEG3.35k and PEG4k also 

contributes remarkably in the crystallization of membrane proteins (~62%). These results are in contrast to a study 

where PEG4k is reported as most successful PEG precipitant [16]. The difference is due to the inclusion of all the 

membrane proteins in this study rather than only the outer membrane proteins. The crystallization of various 

membrane protein classes is not studied as a result of less number of entries.   

 

 
Fig: 2 Shows the percentage of membrane proteins (alone) crystallized with different PEGs. The PEG types used based on the 

crystallizing conditions reported in PDB database.   
………………………………………………………………………………………………………………………… 

 

To determine the occurrences of preference(s) of various classes of soluble proteins towards six PEG types, the 

experimental dataset of soluble proteins is divided into sub-dataset of ‘All Alpha, All Beta, Alpha and Beta (a/b and 

a+b) proteins as per the SCOP classification. It is revealed that the four classes of soluble proteins are crystallized 

with six PEG types with minor variation [Figure-1]. The PEG types i.e. PEG3.35k and PEG4k cumulatively leads to 

the crystallization of All Alpha (44.87%), All Beta (46.76%), Alpha and Beta [(a/b - 46.58%) & (a+b – 52.54%)] 

proteins, which is near to the total value (~48%) observed for the soluble proteins. ‘Alpha and Beta (a/b)’ proteins 

(17.81%) show ~9% (from the total) less percentage crystallization with PEG3.35k in comparison to other protein 

classes. Similarly, ‘All Alpha’ proteins (15.41%) show ~6% (from the total) less percentage crystallization with 

PEG4k in comparison to other protein classes. Furthermore, the percentage of ‘Alpha and Beta (a/b)’ protein 

crystallized with PEG6k is nearly half as compared to other protein types, while crystallized two and half times 

more with PEG5kMME. Similarly, the percentage of ‘Alpha and Beta (a+b)’ proteins crystallized with PEG2kMME 

is nearly one third as compared to ‘Alpha and Beta (a/b)’ protein type. These differences can be attributed to the 

influence of secondary structure composition on protein packing [17].  

 

The data is further analyzed to determine the concentration profile of six PEG types resulted in the highest 

percentage of soluble protein crystallization [Figure-3]. The concentration profile of six PEG types shows distinct 

concentration peaks. PEG0.4K shows peaks at 2% & 35% v/v (31.88% of total protein crystallized); PEG2k at 15%, 

20%, 25% & 30% w/v (49.12% of total protein crystallized); PEG3.35k at 20% & 25% w/v (60.31% of total protein 

crystallized); PEG4k at 25%, 30% & 35% w/v (43.81% of total protein crystallized); PEG6k at 15% & 25% 

(46.15% of total protein crystallized) and PEG8k at 25% w/v (21.04% of total protein crystallized) respectively. 

Similar studies regarding the PEG concentration and their relative frequency are also carried out by Peat etal. 2005 

[11]. The ‘relative frequency’ was the count of the number of occurrences of a PEG at a given concentration divided 

by the total number of conditions containing that PEG. Their results indicate that the Low molecular weight (LMW) 

PEGs show no clear preferred concentration. However, our results clearly show a sharp peak for percentage of 

proteins crystallized at 2% v/v for PEG0.4k, which suggests that PEG0.4k acts as a precipitant as well as an additive 

at low concentration. Further, these results justify the usage of PEG0.4k in the concentration range of 30-35% in 

commercial screens. Peat et al., 2005 [11] reported that Medium Molecular Weight (MMW) PEGs (1k-8k) shows 

their concentration peak between 20-25%, however, our results shows wider range for MMW PEGs. In our study, it 

is observed that MMW PEGs facilitate crystallization of ~15-20% of protein at 25% w/v concentration. 
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Furthermore, the four PEG types also shows other major concentration (% w/v) peaks i.e. PEG2kMME (15%, 20% 

& 30%), PEG3.35k (20%), PEG4k (30% & 35%), PEG6k (15%). The doubling of protein crystallization percentage 

with PEG2k from 20% to 25% w/v is due to higher volume exclusion effect leading to more protein aggregation. 

The concentration profile for membrane proteins is not mapped due to less number of entries in the dataset. 

PEG3.35k & 4k facilitate at 20% & 30% w/v concentration the crystallization of Membrane proteins.   

The occurrence of few concentration peaks for six PEG types complies with the concentration range found in most 

of the commercial kits. However, currently none of the commercially available PEG based screens possess this 

combination of six PEG types and the concentrations revealed out of this study. PEG suite (Qiagen) is the only 

screen using various PEG types at 25% w/v concentration, as observed in our results. These results indicates that 

five PEGs (i.e.2k, 3.35k, 4k, 6k & 8k) can be incorporated at the concentrations, observed out of this analysis, in 

commercial screens for augmenting the chances of crystallization.  

 

 
Fig:3 shows the percentage of different PEG concentrations and percentage of proteins crystallized. The six PEG types, whose 

concentration plotted, are PEG0.4k (dark blue), PEG2kMME (Red), PEG3.35k (Green), PEG4k (violet), PEG6k (light blue) and PEG8k 
(organge).    
………………………………………………………………………………………………………………………… 

 

In this study, no clear correlation observed between the concentration profile and molecular weight of different 

PEGs as opposed to a generalized relationship of decreasing the median PEG concentration with increasing 

molecular weight of PEGs as reported for protein-protein complexes [12]. This type of diffused pattern may be due 

to the effect of multiple parameters such as viscosity, interplay of attractive and repulsive forces, ionic strength etc. 

on protein crystallization [18]. 

 

SYNOPSIS 
 

Medium molecular weight (2k-8k) PEG types contribute significant percentage of protein crystallization. A major 

fraction (~50-60%) of proteins is crystallized with only PEG3.35k & PEG4k types. The results obtained can be used 

to improve the commercial crystallization screens.  

 

 

CONCLUSION 

 

In conclusion, a similar study as carried out earlier by Fazio et al., 2014 [15] is desired to evaluate the success of 

PEG based screens in crystallization space to validate the results obtained. Alternatively, a PEG screen prepared on 

the basis of the results obtained in this study may be used in high throughput protein crystallization for validating the 

success of a new recipe for improving the efficiency of protein crystallization.        
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