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Abstract 
In human, the 3β-hydroxysteroid dehydrogenase 

(HSD3B)/Δ4,5-isomerase is an important enzyme in 

steroid hormone biosynthesis.  It catalyzed the 

conversion of Δ5-steroid precursors to respective Δ4-

ketosteroids.  There were two HSD3B isoenzymes 

designated as type 1(HSD3B1) and type 2 (HSD3B2), 

encoded by two different genes located in chromosome 

1p13.1.  The mutations in HSD3B2 gene could lead to 

congenital adrenal hyperplasia and impaired 

steroidogenesis in both the adrenals and gonads 

leading to varieties of phenotypes.  It was known that 

many proteins had intrinsically disordered regions 

(IDRs) and sometimes the entire protein lacked a stable 

tertiary structure, known as intrinsically disordered 

proteins (IDPs).  These IDRs were attractive target for 

potential drug discovery.   

 

The HSD3B2 was found to possess several IDRs and 

the regions of IDRs varied according to the algorithm 

or server used to predict them. The HSD3B2 was 

predicted to contain two ligand binding sites for NAD 

and ATP and a single cavity.  Some amino acid residues 

involved in formation of cavity and ligand binding sites 

were within the intrinsically disordered regions.  
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Introduction 
In human, the 3β-hydroxysteroid dehydrogenases 

(HSD3B)/Δ4,5-isomerase is an important enzyme in steroid 

metabolism and is involved in both dehydrogenation and 

Δ4,5-isomerization of the Δ5-steroid precursors leading to 

formation of respective Δ4-ketosteroids and thus catalyzes 

the conversion of pregnenolone to progesterone, 17α-

hydroxypregnenolone to 17α-hydroxyprogesterone, 

dehydroepiandrosterone to androstenedione, androstenediol 

to testosterone and androstadienol to androstadienone.9,15  

The 3β-hydroxysteroid dehydrogenases enzyme requires 

NAD+ which is then reduced to NADH during 

dehydrogenation and this NADH is then recruited for the 

next step of isomerization reaction by the same enzyme.28  It 

is well known that these steroid hormones play important 
roles in physiological processes such as differentiation, 

development and growth in the most human tissues.12 There 

are two HSD3B isoenzymes designated as Type 1 and type 

2. These isoenzymes are 93.5% homologous and are 

encoded by two different genes located on chromosome 

1p13.1.20 The type 1 gene (called HSD3B1) is generally 

expressed in the placenta and peripheral tissues like prostate, 

mammary gland and skin. On the other hand, type 2 gene 

(called HSD3B2) is predominantly expressed in adrenal 

cortex, ovary and testicular tissues where HSD3B2 exists as 

a membrane-bound form.24 HSD3B2 is the key enzyme 

required for the synthesis of cortisol and aldosterone in 

adrenal cortical tissues.19   

 

It was observed that mutations in HSD3B2 gene could lead 

to congenital adrenal hyperplasia (CAH; OMIM # +201810) 

which was an autosomal recessive disease that impaired 

steroidogenesis in both the adrenals and gonads.17,21,25,26 The 

clinical manifestation of adrenal hyperplasia ranges from 

salt-losing to non salt-losing forms in both sexes. HSD3B2 

deficiency in newborn males results in ambiguity of the 

external genitalia whereas in female newborns, partial 

virilization is observed. HSD3B2 deficiency during 

adolescence results in hypogonadism (variable degrees) in 

boys and hyperandrogenism (premature pubarche and 

hirsutism) in girls.5, 23  

 

Previous in silico analysis showed that out of 16 nsSNPs, 

eight point mutations in the coding region may have 

significant effect in the HSD3B2 structure as well as in its 

function.7   

 

It was known that many protein regions and even the entire 

protein lack a stable tertiary structure and show 

corresponding high degree of flexibility under physiological 

conditions.29 These naturally flexible proteins and regions 

are known as intrinsically disordered proteins (IDPs) and 

intrinsically disordered regions (IDRs) respectively.  This 

conformational flexibility of IDPs and proteins with IDRs 

allowed them to involve in essential cellular processes.  The 

regions of intrinsic disorder frequently possess sites of 

proteolytic attack and sites of various post-translational 

modifications.32 The capability of IDPs and IDRs to interact 

with collections of partners is utilized in organizing protein-

protein interaction networks.  Furthermore, often IDPs and 

IDRs are involved in protein aggregation and misfolding 

related pathogenesis; making them attractive targets for 

potential drug discovery.16 

 

There was no crystal structure available right now for human 

HSD3B2 and there was no information available about the 

intrinsically disordered regions of the protein and the ligand 

binding sites of the enzyme. Here in this study, extensive 
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computational analysis has been performed to predict its 

disordered regions, ligand binding sites and possible 

cavities.  

 

Material and Methods 
Sequence: HSD3B2 protein sequences were retrieved from 

the Uniprot database (https://www.uniprot.org/uniprotkb/ 

P26439/entry) for computational analysis in this study.  Both 

amino acid sequence and homology based model of 

HSD3B2, developed by Raptor X in our previous study7 

were utilized for the further analysis of the protein intrinsic 

disorder and ligand binding sites of the enzyme. 

 

Prediction of disordered region: The IDRs of human 

HSD3B2 were predicted by GlobPlot 2.3, DisEMBL 1.5, 

FoldIndex and IUPRED server.8 GlobPlot 2.3 was used to 

find out the order/globularity or disorder tendency of 

HSD3B2 based on a running sum of the propensity for an 

amino acid to be in ordered or disordered state by searching 

the domain databases and known disordered regions in 

proteins.14 DisEMBL 1.5 (http://dis.embl.de) was utilized to 

predict three kinds of disordered structure including 

loops/coils, hot loops and those that are missing from the 

PDB X-ray structures as defined by REMARK-465 

entries.13 

 

FoldIndex, a dynamic and interactive process that estimates 

the local and general probability for the provided sequence, 

under specified conditions, to fold (http://bip.weizmann.ac.il 

/fldbin/findex)18 was used to predict the intrinsic disordered 

regions of HSD3B2. The programme uses Kyte and 

Doolittle hydrophobicity algorithm during prediction. 

IUPRED server (http://iupred.enzim.hu/) was used to predict 

intrinsically unstructured/disordered regions of HSD3B2 

from the amino acid sequence based on the estimated 

pairwise energy content.3 

 

Prediction of ligand binding site or cavities of HSD3B2: 
Prediction of ligand binding sites of HSD3B2 was carried 

out in COACH server (http://zhanglab.ccmb.med.umich. 

edu/COACH/) for the present study.  COACH is a meta-

server to protein-ligand binding site prediction.33 The 

homology based structure of HSD3B2 obtained from 

RaptorX10 was energy minimized in NOMAD Ref 

(http://lorentz.immstr.pasteur.fr/gromacs/minimization_sub

mission.php) and the structure was then provided for the 

predictions by COACH server.  These predictions were also 

combined with results from other methods including 

COFACTOR22, FINDSITE1 and ConCavity2 to generate 

final ligand binding site predictions. 

 

Results and Discussion 
Disordered regions in HSD3B2: High degree of flexibility 

in polypeptide chain and insufficiency of regular secondary 

structure are considered as disordered regions in a protein.  

Disordered regions might contain functional sites or linear 

motifs and many proteins are found as intrinsically 

disordered in vivo.  In this study, per-residue intrinsic 

disorder predictors were utilized.  Per-residue predictors 

provide the distribution of the propensity for intrinsic 

disorder over the amino acid sequence whereas binary 

classifiers identify entire protein as wholly ordered or wholly 

disordered.8 Five intrinsically disordered regions from 

HSD3B2 have been identified by GlobPlot (Figure 1).  The 

regions were from amino acid number 145 to 155, 189 to 

200, 256 to 264, 310 to 315 and 365 to 370.   

 

In fig. 1, the blue colored sections on the X-axis were 

disordered regions and green colored regions were globular 

or ordered domains.  Disordered regions as predicted by 

DisEMBL 1.5 for HSD3B2 were shown in figure 2A and 2B.  

The IDRs of HSD3B2, when defined by loops/coils 

definition, showed eleven disordered regions viz. residue 

numbers 1 to 13, 51 to 70, 124 to 134, 139 to 158, 170 to 

197, 206 to 225, 239 to 267, 276 to 287, 305 to 326, 333 to 

345, 365 to 372.  When disordered regions were predicted 

by Hot-loops definition, six disordered regions were 

observed viz. residue numbers 1 to 16, 30 to 66, 140 to 149, 

238 to 246, 254 to 263, 361 to 372.  DisEMBL 1.5, which 

utilized Remark-465 definition for prediction of IDRs, 

showed only one disordered region from residues 364 to 372 

in HSD3B2.   
 

 
Figure 1: Prediction of intrinsic disorder by FlobPlot. The disordered regions were shown in blue colour.  

The Russel-Linding algorithm was used for prediction 
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Figure 2: Disordered regions as predicted by DisEMBL1.5 for HSD3B2. Figure 2A showed the disorder prediction by 

Loop/coils definition (Blue colour; capitalized), Hot-loops definition (Red colour; capitalized) and by Remark-465 

definition (Green colour; capitalized). Figure 2B showed the graphical representation of residue wise disorder 

probability 
 

 
Figure 3: Disorders regions of HSD3B2 as predicted by FoldIndex server 

 

 
Figure 4: Intrinsic disorder prediction by IUPRED server 
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Disordered regions as predicted by FoldIndex for HSD3B2 

also showed the four disordered regions viz. 143 to 159, 161 

to 166, 256 to 262 and 325 to 372 (Figure 3).  Results from 

FoldIndex server also predicted the unfoldability of 0.176 

and Phobic of 0.479.  Figure 4 showed the results obtained 

from IUPRED server which predicted that amino acids in the 

region of 138 to 149 had intrinsic disorder tendency.  The 

conformational flexibility of IDPs and proteins with IDRs 

allowed them to involve in essential cellular processes.4 

Several studies have shown that intrinsically disordered 

regions are enriched with uncharged and polar amino acids 

and lacked bulky hydrophobic residues.30   

 

Disordered regions are important because many intrinsically 

disordered proteins exist as unstructured and become 

structured when bound to another molecule or ligand.27   

Moreover, IDRs can bind to multiple interacting partners to 

attain distinct conformational ensemble with each of them, 

resulting is physiological functions of the protein.31 Post-

translational modifications also enable IDPs/IDRs to attain 

diverse conformations, thus increasing the total ensemble of 

conformations to perform multiple apparently unrelated 

biological functions.6 

 

Analysis of ligand binding sites and cavities of HSD3B2: 

The energy minimized homology based structure of 

HSD3B2 obtained from RaptorX was utilized for prediction 

of its ligand binding sites and cavities. The COACH server 

was used to predict the ligand binding sites of HSD3B2.  

Figures 5A and 5B showed the NAD binding and uridine 

diphosphate N-acetylgalactosamine (UD2) binding residues 

of HSD3B2. 

 

 
Figure 5: Prediction of ligand binding sites from COACH server.  

Figure 5A and 5B showed the NAD binding and uridine diphosphate N-acetylgalactosamine binding residue of 

HSD3B2 respectively. The interacting residues were shown in blue colour and ligand was shown in yellow colour 
 

 
Figure 6: Prediction from COFACTOR server.  

Figure 6A and 6B showed the presence of NAD and ATP binding cavities in HSD3B2 respectively.  

The interacting residues were shown in blue colour and ligand was shown in yellow colour 

 

 
Figure 7: Prediction from FINDSITE server.  

Figure 7A showed the presence of ATP binding regions whereas 7B also showed the presence of NAD binding regions 

in HSD3B2 structure. The interacting residues were shown in blue colour and ligand was shown in yellow colour 
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Figure 8: The cavity prediction by ConCavity server. The residues involved in cavity formation were marked in blue. 
 

Table 1 

Distribution of amino acids in the intrinsic disordered regions which were present within the predicted ligand  

binding sites of HSD3B2. 

Ligand Name 

(Server used for 

prediction) 

Binding residue number No. of amino acids in disordered region 

GlobPlot 

2.3 

DisEMBL 

1.5 

FoldIndex IUPRED 

NAD  

(COACH server) 

9, 11, 12, 13, 14, 35, 36, 37, 38, 40, 41, 60, 

61, 62, 81, 82, 83, 85, 99, 122, 123, 124, 

154, 158, 186, 187, 188 and 189 

02 14 02 00 

Uridine diphosphate N-

acetylgalactosamine 

(COACH server) 

85, 86, 124, 125, 126, 154, 186, 188, 195, 

196, 199, 211, 212, 213, 218, 220, 263, 

321, 324, 325 and 328 

05 17 03 00 

NAD  

(COFACTOR server) 

11, 12, 13, 14, 35, 36, 37, 38, 40, 41, 60, 61, 

62, 81, 82, 83, 85, 99, 122, 123, 154, 158, 

186, 187, 188 and 189 

02 12 02 00 

ATP  

(COFACTOR server) 

11, 12, 13, 14, 35, 36, 60, 61, 62, 81, 82 and 

85 

00 06 00 00 

NAD  

(FINDSITE server) 

9, 11, 12, 13, 14, 35, 36, 37, 38, 39, 40, 41, 

61, 62, 63, 81, 82, 83, 84, 85, 99, 122, 124, 

154, 158, 186, 188, 189, 194 and 195 

04 15 02 00 

ATP  

(FINDSITE server) 

85,86,87,124,125,126,154,187,188,195,19

6,199,200,211,212, 213,218,220,222, 263, 

321,324 and 328 

06 17 02 00 

Cavity  

(ConCavity server) 

13, 14, 35, 36, 40, 41, 61, 81, 82,  83, 85, 

86, 122, 123, 124, 126, 154, 158, 186, 187, 

188, 189, 193, 195, 197, 211, 213 and 325 

05 16 03 00 

 
Residue numbers 9, 11, 12, 13, 14, 35, 36, 37, 38, 40, 41, 60, 

61, 62, 81, 82, 83, 85, 99, 122, 123, 124, 154, 158, 186, 187, 

188 and 189 were involved in NAD binding with a 

confidence score of 0.89 whereas residue numbers 85, 86, 

124, 125, 126, 154, 186, 188, 195, 196, 199, 211, 212, 213, 

218, 220, 263, 321, 324, 325 and 328 were involved in UD2 

binding with a confidence score of 0.15. 

 

Figure 6A and 6B represented the results obtained from 

COFACTOR server showing NAD and ATP binding 

cavities in HSD3B2.  Residue numbers 11, 12, 13, 14, 35, 

36, 37, 38, 40, 41, 60, 61, 62, 81, 82, 83, 85, 99, 122, 123, 

154, 158, 186, 187, 188 and 189 were shown to bind NAD 

with a confidence score of 0.60 and BS score of 1.34 and 

residue numbers 11, 12, 13, 14, 35, 36, 60, 61, 62, 81, 82 and 

85 were shown to bind ATP with a lower confidence score 

of 0.26 and BS score of 1.04.  Results from FINDSITE 

server (Figure 7A and 7B) also showed the presence of both 

ATP and NAD binding regions in HSD3B2 with a better 

confidence score for prediction of ATP binding site than 

NAD binding site.   
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The residues 85, 86, 87, 124, 125, 126, 154, 187, 188, 195, 

196, 199, 200, 211, 212, 213, 218, 220, 222, 263, 321, 324 

and 328 formed the ATP binding site with a confidence score 

of 0.41 whereas NAD binding site was formed by residues 

9, 11, 12, 13, 14, 35, 36, 37, 38, 39, 40, 41, 61, 62, 63, 81, 

82, 83, 84, 85, 99, 122, 124, 154, 158, 186, 188, 189, 194 

and 195 with a confidence score of 0.38.  The results from 

the ConCavity server showed the presence of a single cavity 

in HSD3B2 with good confidence score (Figure 8).  Cavity 

was shown to be formed by residue numbers 13, 14, 35, 36, 

40, 41, 61, 81, 82, 83, 85, 86, 122, 123, 124, 126, 154, 158, 

186, 187, 188, 189, 193, 195, 197, 211, 213 and 325 having 

a confidence score of 0.51.  It was evident that many residues 

involved in the ligand binding and cavity formation were 

within the disordered regions (Table 1).  This implies that 

these amino acid resides in the unstructured or disordered 

regions favour ligand binding and it might be possible that 

upon ligand binding, these regions would be structured.16 It 

is known that IDPs/IDPRs also exhibit some structural and 

dynamical ordering and their larger structural plasticity 

emphasizes the importance of entropically driven features.11 

 

Conclusion 
In conclusion, the computational analysis of human 

HSD3B2 showed the presence of several intrinsic disordered 

regions within the protein.  According to the prediction 

algorithm of each disorder predictor, the varying patterns of 

disordered regions were found and some of these IDRs 

collide with other prediction method used. The HSD3B2 

contained ligand binding pockets and the NAD binding 

residues were identified.  Some residues involved in 

formation of cavity and ligand binding sites were within the 

disordered regions.  
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