
 1 

Beyond History and “on a Roll”: The List of the most Well-Studied Human Protein 
Structures and Overall Trends in the Protein Data Bank 

Zhen-lu Li1* and Matthias Buck1,2* 
1Department of Physiology and Biophysics, Case Western Reserve University, School of Medicine, 10900 Euclid Avenue, 
Cleveland, Ohio 44106, U. S. A. 2Department of Pharmacology; Department of Neurosciences and Case Comprehensive 
Cancer Center, Case Western Reserve University, School of Medicine, 10900 Euclid Avenue, Cleveland, Ohio 44106, U. S. A. 

• Corresponding authors: Z.Li (zhenlu.li@case.edu) and M.Buck (matthias.buck@case.edu)  
• ORCHID IDs: Z. Li:  0000-0003-2101-8237    M. Buck: 0000-0002-2958-0403 

Of the roughly 20,000 canonical human protein sequences, as of September 15, 2020, 6,937 proteins have had their 
full or partial, medium- to high-resolution structures determined by x-ray crystallography or other methods. Which 
of these proteins dominate the Protein Data Bank (the PDB) and why? In this paper, we list the 273 top human 
protein structures based on the number of their PDB entries. This set of proteins accounts for more than 40% of all 
available human PDB entries and represent past trends as well as current status for protein structural biology. We 
briefly discuss the relationship which some of the prominent protein structures have with protein research as a whole 
and mention their relevance to human diseases. The top-10 soluble and membrane proteins are all well-known (most 
of their first structures being deposited more than 30 years ago). Overall, there is no dramatic change in recent 
trends in the PDB. Remarkably, the number of structure depositions has grown nearly exponentially over the last 
10 or more years (with a doubling time of 7 yrs for proteins from all organisms). Growth in human protein structures 
is slightly faster (at 5.9 yrs, while E.Coli and Mouse+Rat protein structures accumulate more slowly, Zebrafish 
protein structures are growing most, at a doubling every 3.7 years, albeit starting from only approx. 100 structure 
entries in 2010). The information may be informative to senior scientists but also inspire researchers who are new 
to protein science, providing the year 2020 snap-shot for the state of protein structural biology.  

Keywords: structural biology; human disease; cancer; protein kinase; human membrane proteins, protein structures 
of model organisms 

At currently 28%, human proteins comprise a significant fraction of all entries in the Protein Data Bank (the 
PDB) and a small number of proteins stand out among the human proteins: The three- dimensional 
structure/conformation of the polypeptide chain determines the dynamics, and then the function of an individual 
protein. Proteins -excluding many intrinsically disordered proteins (IDPs)- typically have at least one natively 
folded conformation. Structural biology techniques, principally X-ray crystallography, NMR spectroscopy and 
recently Cryogenic Electron Microscopy (cryo-EM) have allowed us to obtain protein structures with increased 
resolution and efficiency over the years.1,2 Such structures are deposited in the Protein Data Bank, the PDB, and in 
2019 alone, 10,585 protein structures were released.3 As of September 15, 2020, there were 168,599 structures in 
the PDB (counting all structures from the wide range of source organisms). There are 46,795 entries for human 
proteins in the PDB, accounting for 28% of total entries. This number of proteins is larger than the number of human 
canonical proteins, as many PDB entries are the same protein with point mutation(s) and/or bound to different 
ligands, ranging from small molecule inhibitors to protein or other macromolecular binding partners.  
 
The number of human protein-coding genes is estimated to be around 20,000, which would result in the same 
number of full length, non-modified proteins.4 However, the real number of proteins in the human proteome 
increases dramatically as a consequence of alternative splicing, single amino acid polymorphisms between 
chromosomes and especially due to posttranslational modifications.5 On September 15, 2020, there were 20,375 
reviewed entries of full length human proteins in the Uniprot database, which is easily accessed via a web server 
(http://uniprot.org).6 The analysis, based on the 20,375 proteins, indicates that the median sequence length of human 
proteins is 325 amino acids (Fig. 1a).  
 
Since the launch of UniProt in 2003, the database has gathered protein sequence, structure and function information 
for individual protein species.6 With respect to structure, UniProt also gives information on available PDB entries 
for each protein. We downloaded the database from the UniProt webserver and extracted entries for human proteins 
by searching with the keyword, “homo sapiens” (see a Github link at Code Availability section below). 
Only reviewed human protein entries (the set of 20,375 canonical proteins) were selected. From the database of 
these reviewed proteins, we extracted the PDB entries of each protein and sorted them by the total number of 
available PDB entries. The top 200 human proteins, counting the number of the PDB entries, are given in Table 1. 
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Separately, we also list the 100 membrane proteins with the most entries in Table 2. This list was compiled by 
parsing the UniProt database as above, but searching for the keyword “membrane protein”. It does include many 
proteins which cross the membrane only once, e.g. EGFR with a single transmembrane helix, and also includes very 
few membrane peripheral proteins, such as the Estrogen Receptor alpha, isoform 3. Since 27 membrane proteins 
already appear in Table 1, in total only 273 unique proteins are listed in Table 1 and Table 2.  
 

 
 
Figure 1: Protein sequence and structure statistics. (a) Distribution of sequence lengths for 20,375 human proteins. 
(b) PDB statistics as of September 15, 2020. The number of human proteins with 1, 2, 3 and more PDB entries. 
Distributions of (c) sequence lengths for 6,937 human proteins with at least one PDB entry and (d) of the actual 
length of solved for 6,937 human proteins. In (a), and (c)/(d) the x-axis is binned in increments of 50 and the y-axis 
are % of proteins in each bin, versus the total count of entries of 20375 and 6937, respectively. A line is drawn 
through the histogram y-values by interpolation.  
 
We found 6,937 out of the 20,375 distinct human proteins have at least one PDB entry. This number includes 
structures of fragments or domains, as the full-length structures are not yet solved for certain types of proteins, such 
as the great majority of single-pass membrane crossing receptors. In the case of a human protein in a protein-protein 
complex, the human segment bound may be very small, e.g. a peptide and the partner protein may not be human 
(e.g. in case of interactions with microorganisms). The distribution of available PDB entries per non-redundant 
protein is plotted in Figure 1b. Amongst these human proteins, 2,014, 1,066 and 788 proteins, have only one, two 
or three PDB entries respectively (together, then 56% of the 6,937 proteins have only 1-3 entries). However, at the 
other extreme, the 200 human proteins with the most entries (3% of 6,937) have 19,998 cumulative PDB entries, 
remarkably counting for around 40% of total human PDB entries. Thus, the top-200 human proteins have gathered 
an unusually high proportion of attention compared to the rest. In the meantime, at least 2/3rds of the structures of 
the human proteome remain to be determined. It is interesting to note that the distribution of lengths of proteins 
which have been solved (Fig. 1c) is similar in profile to the length of all human proteins. Therefore, there seems to 
be no preference, as far as the length of proteins is concerned, whether their structures can be determined or not. 
Figure 1d shows the residue length of structures actually determined, yielding a similar profile to Fig. 1c. This 
suggests that the shorter fragments/domains as mentioned above are not so numerous and do not significantly skew 
the distribution. Overall, the high frequency appearance of proteins in the PDB arises from the biological importance 
that they have in cellular processes, in human diseases but some also - but to an increasingly lesser extent- from 
their use as model systems for our understanding of protein structure and function. Below we comment on some of 
the most highly represented structures which have emerged, also making a note of the early history of protein 
structural biology.  
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Table 1: Top 200 proteins with the most entries in the PDB as of Sept. 15, 2020, listing common protein name, rank 
[1-200] (R), and number of PDB entries (N). All the PDB IDs are given in the supplement on Github in their order 
of listing in UniProt. References to the original papers describing these structures are given in the PDB entries.  
 

Protein Name N R   Protein Name N R  Protein Name N R 
Acetylcholinesterase 45 195 Cellular tumor antigen p53 185 31 Farnesyl pyrophosphate synthase 88 77 
Adenosine receptor A2a 51 161 Cholinesterase 68 111 Ferritin heavy chain  58 140 
ADP-sugar pyrophosphatase  62 127 Coagulation factor VII 108 56 Fibrinogen gamma chain 45 194 
Aldo-keto reductase family 1 
member B1 145 44 Coagulation factor X 146 42 Fibroblast growth factor 1 97 66 
Aldo-keto reductase family 1 
member C3 47 180 Coagulation factor XI 88 78 

Fibroblast growth factor 
receptor 1 66 116 

ALK tyrosine kinase receptor 61 131 Collagenase 3 48 174 Fibronectin 60 136 
Amine oxidase [flavin-containing] B 47 181 Complement C3 47 178 Galectin-3 78 96 
Amyloid-beta precursor protein 145 43 Complement factor H 46 188 Gelsolin 58 139 
Androgen receptor 82 89 CREB-binding protein 96 68 Glutamate carboxypeptidase 2 77 97 
Angiogenin 46 189 Cyclin-A2 94 71 Glutathione S-transferase P 65 118 
Angiotensin-converting enzyme 47 179 Cyclin-dependent kinase 2 412 3 Glycogen synthase kinase-3 beta  87 80 
ATPase family AAA 
domain-containing protein 2 85   82 

Death-associated protein 
kinase 1 58 141 

Growth factor receptor-
bound protein 2 50 169 

Aurora kinase A 155 37 Deoxycytidine kinase 47 176 GTP-binding nuclear protein Ran 79 93 

B-cell lymphoma 6 protein 44 196 
Deoxynucleoside triphosphate 
triphosphohydrolase SAMHD1   47 177 GTPase HRas 178 33 

Bcl-2-like protein 1 80 92 Dihydrofolate reductase 79 94 GTPase KRas 165 35 

Beta-2-microglobulin 828 2 
Dihydroorotate dehydrogenase 
(quinone), mitochondrial 73 102 

Guanine nucleotide-binding protein 
G(I)/G(S)/G(O) subunit gamma-2 46 185 

Beta-secretase 1 391 5 Dipeptidyl peptidase 4 104 60 
Guanine nucleotide-binding protein 
G(I)/G(S)/G(T) subunit beta-1 45 193 

Bifunctional epoxide hydrolase 
2 102 62 

DNA cross-link repair 1A 
protein 312 10 

Heat shock protein HSP 
90-alpha 300 12 

Bile acid receptor 83 85 DNA damage-binding protein 1 57 144 Hemoglobin subunit alpha 284 15 
Bromodomain adjacent to zinc 
finger domain protein 2B   262 20 DNA polymerase beta 370 6 Hemoglobin subunit beta 278 18 
Bromodomain-containing 
protein 1 311 11 DNA polymerase eta 129 48 

Hepatocyte growth factor 
receptor 85 81 

Bromodomain-containing 
protein 2 83 84 DNA polymerase iota 46 187 

High affinity nerve growth 
factor receptor 51 160 

Bromodomain-containing 
protein 4 357 7 DNA polymerase lambda 58 142 

Histidine triad nucleotide-
binding protein 1 49 173 

Calmodulin-1 173 34 
DNA-directed DNA/RNA 
polymerase mu 70 108 

Histo-blood group ABO 
system transferase   151 38 

cAMP and cAMP-inhibited 
cGMP 3',5'-cyclic 
phosphodiesterase 10A  96 67 

Dual specificity mitogen-
activated protein kinase 1 46 186 Histone deacetylase 8 50 168 

cAMP-dependent protein 
kinase inhibitor alpha  103 61 

Dual specificity protein kinase 
TTK 71 106 Histone H2A type 1-B/E 

  
107 57 

cAMP-specific 3',5'-cyclic 
phosphodiesterase 4D 82 86 

E3 ubiquitin-protein ligase 
Mdm2 110 55 Histone H2B type 1-J 104 59 

Carbonic anhydrase 2 837 1 
E3 ubiquitin-protein ligase 
XIAP 66 117 Histone H3.1 258 21 

Casein kinase II subunit alpha 181 32 Elongin-B 73 101 Histone H3.3 62 126 
Caspase-3 100 65 Elongin-C 69 109 Histone H4 200 30 

Cathepsin K 61 130 Ephrin type-A receptor 2 77 98 
HLA class I histocompatibility 
antigen, A alpha chain   352 8 

Cathepsin S 55 151 
Epidermal growth factor 
receptor 213 26 

HLA class I histocompatibility 
antigen, B alpha chain   212 27 

Cellular retinoic acid-binding 
protein 2 72 103 Estrogen receptor 294 14 

HLA class II histocompatibility 
antigen, DR alpha chain 101 63 
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HLA class II histocompatibility 
antigen, DRB1 beta chain 88 76 

 
Nuclear receptor coactivator 2 297 13 

 
Serotransferrin 47 175 

Hypoxia-inducible factor 1-
alpha inhibitor 44 200 Nuclear receptor ROR-gamma 110 54 Serum albumin 114 51 
Immunoglobulin gamma-1 
heavy chain 46 184 Pancreatic alpha-amylase 50 166 

Small ubiquitin-related 
modifier 1 50 162 

Immunoglobulin heavy 
constant gamma 1 201 29 

Peptidyl-prolyl cis-trans 
isomerase A 135 45 Son of sevenless homolog 1 60 134 

Immunoglobulin kappa 
constant 90 73 

Peptidyl-prolyl cis-trans 
isomerase F, mitochondrial 49 172 

Superoxide dismutase [Cu-
Zn] 117 50 

Induced myeloid leukemia cell 
differentiation protein Mcl-1   100 64 

Peptidyl-prolyl cis-trans 
isomerase FKBP1A 51 157 T cell receptor alpha constant 133 46 

Insulin 278 17 
Peptidyl-prolyl cis-trans 
isomerase NIMA-interacting 1 82 87 T cell receptor beta constant 1 87 79 

Insulin-degrading enzyme  53 153 Peregrin 62 123 T cell receptor beta constant 2 61 128 

Integrin beta-3   73 100 
Peroxisome proliferator-activated 
receptor delta 44 198 T-box transcription factor T 46 182 

Interleukin-1 beta 56 148 
Peroxisome proliferator-activated 
receptor gamma 224 24 

T-cell surface glycoprotein 
CD4 66 115 

Interleukin-1 receptor-associated 
kinase 4 51 159 

Phosphatidylinositol 3-kinase 
regulatory subunit alpha 60 135 Thymidylate synthase 60 133 

Kinesin-like protein KIF11 58 138 
Phosphatidylinositol 4,5-bisphosphate 3-
kinase catalytic subunit alpha isoform 51 156 Tissue factor  49 171 

Leukotriene A-4 hydrolase 62 125 
Phosphatidylinositol 4,5-bisphosphate 3-
kinase catalytic subunit gamma isoform 95 69 Titin 45 190 

Lysine-specific demethylase 4A 82 88 Poly [ADP-ribose] polymerase 1  63 120 Transthyretin 327 9 

Lysine-specific demethylase 4D 280 16 
Poly [ADP-ribose] polymerase 
tankyrase-2 146  41 Tyrosine-protein kinase ABL1 66 114 

Lysine-specific demethylase 5A 44 199 Polyubiquitin-B 146  40 Tyrosine-protein kinase BTK 81 90 
Lysine-specific demethylase 5B 56 147 Polyubiquitin-C 226 23 Tyrosine-protein kinase JAK2 93 72 
Lysine-specific histone 
demethylase 1A 71 105 

Proteasome subunit alpha 
type-3 44 195 

Tyrosine-protein kinase 
Lck 56 146 

Lysozyme C 208 28 Proteasome subunit beta type-1 68 110 Tyrosine-protein kinase SYK 71 104 

Macrophage metalloelastase 83 83 Proteasome subunit beta type-5 50 165 
Tyrosine-protein phosphatase 
non-receptor type 1 275 19 

Macrophage migration 
inhibitory factor 94 70 Proteasome subunit beta type-7 51 155 

Tyrosine-protein phosphatase 
non-receptor type 11 60 132 

Major histocompatibility complex 
class I-related gene protein 45 192 

Protein/nucleic acid deglycase 
DJ-1 61 129 

U1 small nuclear 
ribonucleoprotein A 78 95 

Major prion protein 57 143 Prothrombin 392 4 
Ubiquitin carboxyl-terminal 
hydrolase 7 56 145 

Mediator of RNA polymerase 
II transcription subunit 1 50 167 

Proto-oncogene tyrosine-protein 
kinase Src 64 119 

Ubiquitin-40S ribosomal 
protein S27a 55 150 

Microtubule-associated 
protein tau 62 124 

Ras-related C3 botulinum 
toxin substrate 1 50 163 

Ubiquitin-60S ribosomal 
protein L40 58 137 

Mitogen-activated protein 
kinase 1 112 52 Renin 88 75 

Urokinase-type 
plasminogen activator 146 39 

Mitogen-activated protein 
kinase 10 51 158 REST corepressor 1 50 164 

Vascular endothelial growth 
factor receptor 2 52 154 

Mitogen-activated protein 
kinase 14 240 22 

Ribosyldihydronicotinamide 
dehydrogenase [quinone] 67 113 Vitamin D3 receptor 49 170 

Neutrophil gelatinase-associated 
lipocalin  53 152 Retinol-binding protein 2 45 191 

von Hippel-Lindau disease 
tumor suppressor 55 149 

Nicotinamide 
phosphoribosyltransferase 63 121 

Retinoic acid receptor RXR-
alpha 89 74 WD repeat-containing protein 5 111 53 

Nitric oxide synthase, brain 73 99 
Serine/threonine-protein kinase 
B-raf 80 91 14-3-3 protein sigma 106 58 

Nitric oxide synthase, 
endothelial 46 183 

Serine/threonine-protein kinase 
Chk1 133 47 

3-phosphoinositide-
dependent protein kinase 1 68 112 

Nuclear autoantigen Sp-100 120 49 Serine/threonine-protein kinase pim-1 158 36 
7,8-dihydro-8-oxoguanine 
triphosphatase 71 107 

Nuclear receptor coactivator 1 224 25 Serine/threonine-protein kinase PLK1 62 122    
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Table 2: Same as Table 1, but for the Top 100 membrane proteins with the most entries in the PDB as of Sept. 15, 
2020.  
 

Protein Name N R  Protein Name N R  Protein Name N R 

Activin receptor type-1 21 68 Ephrin type-A receptor 3 28  47 
Low affinity immunoglobulin  
epsilon Fc receptor 23 58 

Adenosine receptor A2a 51 23 Ephrin type-B receptor 4 23 59 Low-density lipoprotein receptor 33 40 

Advanced glycosylation end 
product-specific receptor 22 63 Epidermal growth factor receptor 213 4 

Low-density lipoprotein 
receptor-related protein 6 16 94 

ALK tyrosine kinase receptor 61 20 
Epithelial discoidin domain- 
containing receptor 1 20 71 

Macrophage colony-stimulating 
 factor 1 receptor 20 70 

Amine oxidase [flavin-
containing] B 47 26 Erythropoietin receptor 18 81 

Major histocompatibility complex 
class I-related gene protein 45 27 

Amyloid-beta precursor protein 145 7 Estrogen receptor 294 3 
Mast/stem cell growth factor 
receptor Kit 26 50 

ADP-ribosyl cyclase/cyclic 
ADP-ribose hydrolase 1 42 31 Fibroblast growth factor receptor 1 66 19 

Melanoma antigen recognized by  
T-cells 1 22 61 

Angiotensin-converting 
enzyme   47  25 Fibroblast growth factor receptor 2 43 29 

Neurogenic locus notch 
homolog protein 1 24 53 

Angiotensin-converting  
enzyme 2 22  62 Fibroblast growth factor receptor 4 29 45 Neprilysin 18 79 
Apoptosis regulator BAX 24  56 Furin 22 66 Neuropilin-1 17  85 
Apoptosis regulator Bcl-2 27  49 Glucagon-like peptide 1 receptor 16 97 Platelet glycoprotein Ib alpha chain 19 75 
Bcl-2 homologous 
antagonist/killer 25 51 

Glutamate receptor ionotropic, 
NMDA 1 17 90 

Potassium channel 
subfamily K member 9 16 93 

Bcl-2-like protein 1 80 13 Glutamate carboxypeptidase 2 77 14 Programmed cell death 1 ligand 1 32  41 

Beta-1, 4-galactosyltransferase 1 19 78 Hepatocyte growth factor receptor 85 12 Programmed cell death protein 1 18 78 
Beta-2 adrenergic receptor 35 37 High affinity nerve growth factor receptor 51 22 Prostaglandin E synthase 16 92 

Beta-secretase 1 391 1 
Histo-blood group ABO system 
transferase    151 6 

Proto-oncogene tyrosine-protein  
kinase receptor Ret 28 46 

C-C chemokine receptor  
type 5 18 83 

HLA class I histocompatibility 
antigen, A alpha chain   352 2 

Receptor tyrosine-protein kinase 
 erbB-2 34 39 

C-type lectin domain  
family 4 member K 20 72 

HLA class I histocompatibility 
antigen, B alpha chain   212 5 

Receptor-type tyrosine-protein 
phosphatase gamma 19 74 

Cadherin-1   19  77 
HLA class II histocompatibility 
antigen, DR alpha chain 101 9 

Sodium-dependent 
serotonin transporter 19 73 

Carbonic anhydrase 9 19 76 
HLA class I histocompatibility 
antigen, alpha chain E 16 96 Squalene synthase 29 44 

Carbonic anhydrase 12 24 55 
HLA class II histocompatibility 
antigen, DQ alpha 1 chain  17 89 

Stimulator of interferon 
genes protein 34 38 

Cation-independent  
mannose-6-phosphate receptor 18 82 

HLA class II histocompatibility 
antigen, DRB1 beta chain 88 11 

Suppressor of tumorigenicity  
14 protein 23 57 

CD81 antigen 16 99 IgG receptor FcRn large subunit p51 17 88 Synaptotagmin-1 20 69 
Chloride intracellular 
channel protein 1 15 100 

Induced myeloid leukemia cell 
differentiation protein Mcl-1   100 10 

T-cell surface 
glycoprotein CD1b 16 91 

Complement decay-
accelerating factor 24 54 Insulin receptor 36 36 

T-cell surface 
glycoprotein CD4 66 18 

Copper-transporting 
ATPase 1 21 67 

Insulin-like growth factor 1 
receptor 30 43 Tissue factor 49 24 

Corticosteroid 11-beta-
dehydrogenase isozyme 1 40 32 Integrin alpha-IIb 43 28 TGF-beta receptor type-1 39 33 
Coxsackievirus and 
adenovirus receptor 16 98 Integrin alpha-2 17 86 Toll-like receptor 8 24 52 
Cystic fibrosis transmembrane 
conductance regulator 37 35 Integrin alpha-L 39 34 Tumor necrosis factor 27 48 

Cytochrome P450 3A4 43 30 Integrin alpha-M 17 87 
Vascular endothelial growth 
factor receptor 2 52 21 

Dihydroorotate dehydrogenase 
(quinone), mitochondrial 73 17 Integrin alpha-V 32 42 

voltage-dependent L-type calcium 
channel subunit alpha-1C 17 84 

Dipeptidyl peptidase 4 104 8 Integrin beta-2 21 66 
3-hydroxy-3-methylglutaryl-
coenzyme A reductase 22 64 

Disintegrin and metalloproteinase 
domain-containing protein 17 23  60 Integrin beta-3 73  16    

Ephrin type-A receptor 2 77 15 Leukotriene C4 synthase 16 95    
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Table 3: Top 10 Human Protein Structures in the PDB by the number of entries as of Sept. 15, 2020, also giving 
year in which the first structure was published. And top 10 Genes, adapted from Dolgin, ref. 35, again with the 
approximate year the gene was discovered (taken from OMIM Data Base). Note that some of the early structures 
were not deposited and we are referencing the first deposited and research paper reported (as opposed to the first 
paper reported structure) here. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The PDB and Progress in Structure Determination: The Protein Data Bank has seen over the last 20 years a 
huge increase in the number of deposited structures, in 2000 the number of total PDB entries was around 13,500 
(from all source organisms). On Sep.15th, 2020, this number was 168,599. Before 1990, prior to the advent of 
efficient recombinant DNA/protein expression technology, most proteins were purified from natural sources. While 
there was a preference for working with human proteins, PDB entries were outnumbered by proteins which could 
be obtained and then crystallized from non-human sources, indeed, from a wide variety of organisms. For example, 
the earliest structure determination of hemoglobin and myoglobin were sourced from horse and whale 
respectively.7,8 Over the last several decades three structural biology techniques have contributed to the vast 
majority of structures in Protein Data Bank. On Sept.15th, there were 149,586 and 13,120 protein structures, 
respectively, determined by x-ray crystallography, by solution and recently solid-state NMR, and 5903 by cryo-EM 
(a rapidly increasing number in the last 5 years).1 Each technique has its well-known limitations, some of which are 
overcome by continued technical developments,9 the spectacular advances in cryo-EM,10,11 with microcrystal-
electron diffraction (MicroED) and serial femtosecond crystallography (SFX) emerging for a time/ensemble 
resolution of structures.12 Nevertheless, even with the advent of room temperature measurements, these techniques 
will likely remain most suitable for protein domains/whole length proteins whose structures are amenable to 
“freezing” in a few conformations/configurations, with electron densities becoming “blurry/invisible” due to higher 
levels of disorder/dynamics. However, in such instances, especially in cases of intrinsically disordered proteins or 
for the detection of weak interactions, NMR spectroscopy is the technique of choice.e.g. 13,14 Recently, integrative 
computational modeling methods have emerged 15,16 which use a variety of sparse, but in some instances atom or 
residue specific location restraints – for example from NMR/EPR as well as from various Mass spectrometry 
techniques17 in order to derive the structure of protein ensembles and complexes. Thus, for the foreseeable future 
several experimental methods are needed to give complementary information to the three main structural biology 
methods, especially when their application is limited, such as in the case of intrinsically disordered proteins/protein 
regions or protein aggregates/condensates. 
 
The Top 10 List of Aqueous and Membrane Proteins: By far the most structures solved are for Carbonic 
anhydrase 2,18 Beta-2-microglobulin,19 and Cyclin-dependent kinase 2,20 as the first, second, third place of the most 
deposited structures in the PDB, with 837, 828 and 412 entries respectively. Prothrombin;21 Beta-secretase 1,22 
DNA polymerase beta;23 Bromodomain-containing protein 4;24 HLA class I histocompatibility antigen, A alpha 
Chain;19 Transthyretin;25 DNA cross-link repair 1A protein,26 rank 4-10.  

Top-10 Proteins 
 

Gene 
Name 

PDB ID and 
Reference 

Year 
 

 Top-10 Genes 
(as of 2017) 

Year 

Carbonic anhydrase 2 CA2 4CAC;5CAC18 1988 TP53 1979 
beta2-microglobulin B2M 1HLA19 1987 TNF 1984 

cyclic dependent kinase 2 CDK2 1FIN20 1995 EGFR 1976 
Prothrombin F2 1PPB21 1989 VEGFA 1989 

Beta-secretase 1 BACE1 1FKN22 2000 APOE 1982 

DNA polymerase beta POLL 1ZQE etc23 1996 IL6 1986 
Bromodomain containing 

protein 4 
BRD4 2NNU24 2006 TGFB1 1985 

HLA Class 1 
histocompatibility antigen 

HLA-A 1HLA19 1987 MTHFR 1998 

Transthyretin TTR 2PAB25 1978 ESR1 1986 

DNA cross-link repair 
protein 1 

DCLRE1A 4B8726 2012 AKT1 1987 
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The top 10 for membrane proteins are Beta-secretase 1;22 HLA class I histocompatibility antigen, A alpha chain;19 
Estrogen receptor;27 Epidermal growth factor receptor;28 HLA class I histocompatibility antigen, B alpha chain;29 

Histo-blood group ABO system transferase;30 Amyloid-beta precursor protein;31 Dipeptidyl peptidase 4;32 HLA 
class II histocompatibility antigen, DR alpha chain;33 Induced myeloid leukemia cell differentiation protein Mcl- 
1.34  
 
Comparison of the most Prominent Human Protein Structures with the most Highly Studied Genes: It should 
be noted that the method we used to rank the most prominent protein structures is completely different from the 
approach used in the report by Dolgin in 2017,35 where the top 10 human genes were identified by counting the 
frequency of mentions of their gene name in the PubMed database. By contrast, we count the absolute number of 
available PDB entries for each protein in the UniProt web sever. Using Pubmed entries, especially their MeSH 
portion for counting of gene names can in some instances be complicated by use of alternative names and by 
references made to homologues etc. Our method is likely more straightforward for quantification as the UniProt 
database has well organized information for each protein. Remarkably the two top-10 lists are completely different 
with not a single protein identical in both lists.  
 
As shown in Table 3, the top-10 genes according to Dolgin, 2017 35 are (with disease interest given in brackets): 
TP53 (Cancer), TNF (Cancer), EGFR (Cancer), VEGFA (pathological Angiogenesis), APOE (Alzheimer’s), IL6 
(Immune), TGFB1 (Cancer), MTHFR (Cancer), ESR1 Estrogen Receptor alpha (Cancer) and AKT1 (Cancer). For 
comparison, the top-10 list of human protein structures is also listed in Table 3. 
 
Several of the 10 top genes identified in the study of Dolgin, -that is the Cellular tumor antigen p53/TP53, Epidermal 
growth factor receptor/EGFR, Estrogen receptor/ESR1 and Tumor necrosis factor/TNF- also appear in our lists, but 
further down at positions 31, 26, and 14 respectively in the top-200 list (and with TNF at position 48 in the list of 
top-100 membrane proteins). It is noticeable that the majority of proteins whose structures have been determined 
multiple times are related to cancer (mostly bound to different protein binding partners or small molecule inhibitors 
in drug screening/design projects) whereas the list of popular genes is more diverse and includes proteins such as 
oncogenic mutants of TP53 (tumor antigen p53)36 and regions of the Estrogen Receptor alpha,37 which have 
considerable internal dynamics /aggregate or are partially unstructured and have been hard to crystallize. Another 
factor is that many of the reports on genes are from research on the genetics/genetic linkages, mutations (which are 
silent at the protein level or occur in introns) and other aspects, driven more by the interest in the genes rather than 
their protein products.  
 
Protein Classification of the most popular Structures: Assembly of the human proteome in its current form has 
indicated that there are around 20,000 human genes and correspondingly, at least 20,000 non-modified (canonical) 
human proteins.4,5,38,39 Of these non-modified human proteins, noticeable protein groupings include 1,653 metabolic 
enzymes; 1,089 non-metabolic enzymes such as kinases and GTPases; 1,600 transcription factors; at least 1,555 
transporters and channels; and 831 G-Protein Coupled Receptors (GPCRs). By contrast, among the 273 top- protein 
structures listed in the tables, there are 72 metabolic enzymes, 7 GTP- /ATPases/G proteins, 42 kinases, 16 
transcription factors, 6 ion channels and 4 G-protein-coupled receptors (GPCRs). Moreover, there are 10 human 
leukocyte antigens, 5 histone proteins, 5 bromodomain (BRD) containing proteins, 4 Hormone and Growth factors, 
10 cell adhesion molecules, and 6 cystic fibrosis family proteins. The other 86 of 273 proteins are not classified into 
major protein families, but all of them have important biological functions. Here we comment on several of the 
families. 
 
The Relevance of Structures to Human Disease: The great majority of the 273 proteins are important for their 
involvement in human diseases and remain a focus of research, likely for some time to come. Below we briefly list 
several of the proteins grouped by the relevance to major diseases:  
 
Cancers: Proteins such as p53, Ras GPTases, EGFR, Estrogen receptor, and tumor necrosis factor are crucial 
proteins either in cancer development and/or metastasis.36,40-43  
Metabolic disorders: Low-density lipoprotein/and its receptor, Insulin/Insulin receptor regulate the metabolism of 
carbohydrates or fats, and are major biomarkers for human health.44,45  
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Cardiovascular diseases: Angiotensin-converting enzyme (ACE) controls blood pressure by altering the blood 
vessels and volume of fluids.46 Vascular endothelial growth factor receptor as well as galectin-3 are associated with 
regulation of angiogenesis, vascular development, and heart failure.47,48  
Neurological disorders: Fibroblast growth factors and 14-3-3-protein are vital factors for neuronal development.49,50 
Amyloid-beta precursor proteins, Microtubule-associated protein tau, the prion protein and transthyretin are 
associated with the formation of amyloid fibrils.51-54  
Immunology and infectious diseases: Human leukocyte antigen, T-cell surface glycoprotein CD4 as well as 
adenosine A2A receptor plays a regulatory role in adaptive immunity.55-57 Many receptor proteins in the list are host 
factors for different viruses. Noticeably, Angiotensin-converting enzyme 2 (ACE2) and recently Neuropilin-1 were 
identified as entry receptors for coronavirus SARS-COV-2.58,59  
 
Kinases are among the Best Studied Proteins: The high frequency of appearance of kinases (44 of 273) is 
remarkable in contrast to its low fraction amongst the 20,000 canonical human proteins (518 of 20,000). Protein 
kinases are key proteins in cell signaling and are thought to modify up to 30% of all human proteins by tyrosine or 
serine/threonine phosphorylation.60,61 Many of them such as Raf kinase, Aurora kinase A, Ephrin type-A receptor 
2 and Epidermal growth factor receptor (EGFR) can become easily dysregulated and have a crucial role in diseases, 
especially in cancer.62 Clinically, more than 250 kinase inhibitors are undergoing clinical trials and 37 are already 
approved as therapeutics.63 Due to this biomedical significance, kinases are one of the most well studied families 
of human proteins.  
 
Membrane Protein Structures: Membrane proteins represent 20-30% of human proteins. In many earlier reports, 
it was noted that the membrane proteins are largely underrepresented (only ~2% of all PDB entries) in structure 
determination by comparison to their number in genomes. This number is inaccurate today, however, especially for 
human proteins. If we count all peripheral-, transmembrane and integral membrane proteins, 2,340 distinct 
membrane proteins have at least one structure, corresponding to 34% of all available human protein structures. By 
counting single-pass and multi-pass transmembrane proteins only, 1,207 of 6,937 (17%) proteins with available 
structures are membrane proteins. In both cases, this is close to the proportional number of membrane proteins in 
the human genome. However, it is true that integral membrane proteins such as transporters, ion channels and 
GPCRs, are still not presented well in the top 200 proteins with the most PDB entries. This is despite the fact that 
GPCRs for example account for approx. 25-30% of all drug targets.64 Several proteins of intense research interest 
are in the top-100 table for membrane proteins and others are catching up. Until recently integral membrane proteins, 
proteins where most of the polypeptide chain is inside the lipid bilayer, typically had much fewer PDB entries than 
the average soluble protein. This is at least partially due to difficulties in protein expression and purification. Single-
pass transmembrane proteins such as Receptor Tyrosine Kinases (such as EGF receptors and Eph receptors) and 
Cell Adhesion proteins (such as Integrin) are prominently represented in the lists. However, these proteins have 
exceptionally high relevance to cancer cell signaling and have the majority of their domains exposed in solvent. It 
is these domains whose structure has been determined, excluding the single membrane crossing segment; there are 
only a few structures available for the membrane crossing regions typically from NMR (about 27 as of 2017).65 Due 
to the technical challenges with sample preparation and the likely dynamic nature of the structures, the 
determination of full length transmembrane protein structures remains a frontier of structural biology for proteins. 
However, increasingly structures are reported for the transmembrane segment of such proteins, by the use of NMR 
and also recently by crystallography.66 While methods for the determination of the structure of membrane integral 
protein are becoming well established by cryo-EM incl. cryo-electron tomography (cryo-ET),67 again data from 
several complementary methods will likely need to be combined in an integrated computational modeling approach 
in order to solve the structure of full length transmembrane proteins and their complexes.  
 
 
Historical Implication and Model Proteins for Protein Science: Several of the proteins listed in the tables have 
historical contexts and/or have become model proteins for structural biology and protein biophysics research.9 
However, it should be noted that some well-known proteins (from other organisms) in protein history do not appear 
in the tables, as here we have ranked only human proteins. Due to the challenge of crystallization especially of 
eukaryotic proteins, traditionally crystallographers pursed “a wide range species approach”, especially in the days 
when proteins had to be purified from the organism itself. With the advent of recombinant protein expression, the 
focus shifted to prokaryotic homologues of human proteins and then with the mandate of several structural genomics 
efforts work on human proteins, exclusively to human proteins.eg.68 (Readers may refer to the Structural Genomics 
Consortium (SGC) website (http://www.thesgc.org/structures) to find detailed functional and disease relevance of 
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the human proteins which have been crystalized69). In part through such consortia, the coverage of human proteins 
in the PDB received a significant boost, but the focus on particular individual proteins, which increased the count 
of their PDB entries has been due to their central role in diseases and the research community at large. As a reference, 
if counting all the species, the number of PDB entries for proteins with the largest representation are the following 
(12 are listed): (Lysozyme C – chicken, 867 entries); (Carbonic anhydrase 2 - human, 837); (Beta-2-microglobulin 
– human, 828); (Endolysin/Lysozyme - bacteriophage, 707); (Endothiapepsin - endothia parasitica, 557); (Cationic 
trypsin - bovine, 512); (Cyclin-dependent kinase 2 –human, 412); (Prothrombin - human, 392); (Beta-secretase 1 - 
human, 391); (DNA polymerase beta –human, 370); (Bromodomain-containing protein 4 –human, 357); (Green 
fluorescent protein - jellyfish, 354). Only five of these twelve proteins are from non-human organisms. It is unlikely 
that non-human proteins will come up with a large number of PDB entries to compete with this list soon.  
  
In terms of protein model systems – a relatively subjective label for proteins with key biomedical importance-, the 
studies of Hemoglobin, Insulin, G-proteins, Na-K-ATPase, Prion, Cyclin dependent kinase, Ion channels, Ubiquitin, 
GPCRs and PD-L1 have been recognized with the Nobel prize. For example, whale Myoglobin and horse 
Hemoglobin were the earliest proteins to have their 3D structure revealed by x-Ray crystallography.7,8 Hemoglobin 
was also the first well known allosteric protein complex identified in the 1960s and a key advance in our 
understanding of cooperativity.70 Myoglobin and Cytochrome are early known examples of structure-based 
allostery for an individual protein.71,72 In biophysical research, Ubiquitin, individually or as a multi-protein chain, 
is a model protein for studying protein conformational as well as configurational ensembles, protein dynamics and 
protein association/recognition.e.g.73 Calmodulin and Lysosome were widely used in the earlier NMR 
characterization of protein dynamics and conformational entropy.74 H- and KRas are recently used as model proteins 
for investigating the multi-orientational nature of protein configurations at the cell’s plasma membrane.75,76 
Recently, p53 and Estrogen receptor have also been studied concerning their likely changes over the course of 
evolution.77,78 

 

Figure 2: The number of PDB entries for the Data Bank as a whole (grey) and for specific organisms plotted in 5 
year increments. Please note the log10-scale as the y-axis. The data points (2010-2020) were linear-fit with the 
following values as gradients (i.e. fractional change/year) as 0.031 ± 0.001 (black, E. Coli), 0.052 ± 0.012 (green 
C. Elegans), 0.081 ± 0.005 (orange, D. Rerio), 0.039 ± 0.002 (pink, Mouse+Rat), 0.031 ± 0.001 (red, H. Sapiens), 
0.043 ± 0.002 for PDB as a whole (grey, all organisms)  
 
The PDB “on a roll” - Structural Biology and Model Organisms...paving the way towards all cell studies: As 
noted above, the PDB has increased tremendously in size over several decades and human protein structures 
comprise nearly 1/3rd of its entries. However, the biomedical but also recently strengthening gene/protein evolution 
community has an interest in the use of model systems for a wide range of reasons. Organisms such as E. Coli 
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(bacteria), S. Cerevisiae (a species of yeast), C. Elegans (a nematode/worm), D. Rerio (a zebrafish) as well as mice 
and rats are popular in many types of studies. While not as prominent as human proteins in the PDB, the number of 
entries listing these organisms in the PDB headers is increasing as well. In order to quantitate the number of entries 
as a function of time, we examined the source index file at ftp://snapshots.rcsb.org/ which saves information on the 
current state of the PDB, including all its entries periodically since 2005. Counting up the number of times the 
above organisms are listed in this file, for the year 2005, 2010, 2015 and 2020, we plotted Fig. 2. On a log10 scale, 
2005 appears to represent a different era of the PDB with most numbers below those seen for the period 2010-2020, 
which show a closely exponential growth in the number of entries. In fact, linear fits can be used to estimate the 
time that was needed to double the number of entries over this time period: This gives approximately 7 yrs for a 
doubling of the number of PDB entries of proteins from all organisms. The Growth in human protein structures is 
slightly faster (at 5.9 yrs, while E.Coli (E. Coli + K-12 E.Coli) and Mouse+Rat protein structures accumulate more 
slowly, Zebrafish protein structures are growing most, at a doubling every 3.7 years, albeit starting from only approx. 
100 structure entries in 2010. These data show that despite the focus on human proteins, the scientific community 
also has a strong interest in determining protein structures of model organisms. With the possible exception of C. 
Elegans proteins, the fits have small uncertainties, indicating a near exponential growth. If any trend could be 
indicated, it is one of the consistent growth and continuity. Similar to Moore’s Law for computer speed, one may 
envisage that the number of protein structure determination for some organisms may slow down. By analogy, such 
a prediction will likely be erroneous, as technical developments keep on coming which will lead to a faster and 
more efficient determination of protein structures. For the PDB as a whole it could be envisaged that once the 
coverage of human proteins is deemed relatively complete, attention may shift focus on the structure determination 
of non-human proteins, especially if very high throughput structure determination efforts become available. Added 
to this is a desire to have an as complete set of protein structures for an organism, if not cell/tissue-type, allowing 
full-cell scale cryo-Electron Tomography (cryo-ET) in the future which will likely be coupled with extensive 
molecular dynamics simulations on the cell-scale. 
 
 
Conclusion  
In summary, we considered the number of human proteins with fully or partially available medium to high resolution 
structures among the 20,000 or so canonical human proteins. From this set, we listed the 273 proteins with the most 
number of structure entries in the PDB. Unsurprisingly, these proteins are also the ones which have been a focus of 
intense studies, either because of their history as model systems, and more recently as proteins with high biomedical 
importance. Many of these proteins have influenced our understanding of protein structural and functional biology 
as well as biophysics. Remarkably, the increase in PDB entries has been growing exponentially over the last 10 
years at least, not just for the PDB as a whole, but also for human proteins as well as for those of other organisms 
examined. Given the numbers involved and the long-term cumulative nature of the PDB, it is unlikely to be 
influenced by short term trends, if any. The information we provided here should be particularly helpful to 
researchers who are new to protein science, as in a sea of proteins, the top-studied proteins may serve as 
“Lighthouses” for future investigations. However, our analysis may also interest seasoned structural biologists, as 
a “Stamp in Time”, showing how far Protein Science has moved and “the Waters which may lie ahead”.  
 
Code availability  
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