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Abstract

A long-term goal in renal physiology is to understand the mechanisms involved

in collecting duct function and regulation at a cellular and molecular level. The

first step in modeling of these mechanisms, which can provide a guide to exper-

imentation, is the generation of a list of model components. We have curated a

list of proteins expressed in the rat renal inner medullary collecting duct

(IMCD) from proteomic data from 18 different publications. The database has

been posted as a public resource at https://hpcwebapps.cit.nih.gov/ESBL/Data-

base/IMCD_Proteome_Database/. It includes 8956 different proteins. To search

the IMCD Proteomic Database efficiently, we have created a Java-based pro-

gram called curated database Basic Local Alignment Search Tool (cdbBLAST),

which uses the NCBI BLAST kernel to search for specific amino acid sequences

corresponding to proteins in the database. cdbBLAST reports information on

the matched protein and identifies proteins in the database that have similar

sequences. We have also adapted cdbBLAST to interrogate our previously pub-

lished IMCD Transcriptome Database. We have made the cdbBLAST program

available for use either as a web application or a downloadable .jar file at

https://hpcwebapps.cit.nih.gov/ESBL/Database/cdbBLAST/. Database searching

based on protein sequence removes ambiguities arising from the standard

search method based on official gene symbols and allows the user efficient iden-

tification of related proteins that may fulfill the same functional roles.

Introduction

With the advent of large-scale proteomic and transcrip-

tomic experiments for profiling gene expression, data

access and integration has become rate-limiting for acqui-

sition of biological knowledge. Access is facilitated through

the creation of databases of curated datasets. For example,

our laboratory alone has generated approximately 70 such

databases, accessible at https://hpcwebapps.cit.nih.gov/

ESBL/Database/index.html. Because of the large amount of

data within these types of databases, it becomes difficult to

find information about a specific protein/transcript. The

question then becomes: what is the best way to find a par-

ticular protein/transcript within the databases? A general

strategy to database searches is to utilize so-called “keys”

or “indices” that constitute finite search target lists. In sys-

tems biology, there are a few common “keys,” namely a

common name for a protein/transcript, a protein/tran-

script’s gene symbol, or the amino acid/nucleotide

sequence for a protein/transcript. Problems arise when a

database is searched using a common name for the pro-

tein/transcript in question; common or large proteins have

multiple names and can be difficult to find if the user is

not searching for the name used within the database.

Searching using a gene symbol is a better option, however

it is not without its own difficulties. As with searching

using a common name, a well-studied protein can be

linked to multiple gene symbols. A second issue that arises
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from using the gene symbol as the “key” to searching data-

bases is the inability to comprehensively search for related

proteins. Unless all proteins share a similar gene symbol

(e.g., Aqp1, Aqp2, etc.), it is extremely difficult to find all

related proteins, for example, those with a particular

domain. The best solution to the problems that arise from

searching by gene symbol or a common name is to search

curated databases using a protein/transcript’s amino acid/

nucleotide sequence. Each protein/transcript has a unique

sequence, allowing the correct protein/transcript to be

found regardless of the gene symbol or name used in the

database. Using a sequence also allows for related proteins/

transcripts to be found based on similar sequence matches.

The primary goal of this paper is to introduce a

sequence-based search tool, called cdbBLAST (curated

database BLAST), that uses NCBI’s blastp kernel to

uniquely find a protein/transcript within a curated data-

base, as well as find similar proteins/transcripts, and pro-

vides information from the database on each of the

proteins/transcripts in the results. Another benefit of

cdbBLAST is that it allows for domain sequence searches,

so it is possible to find all proteins/transcripts within a

curated database that share a domain. We illustrate the

use of this tool by applying it to two newly curated data-

bases, a database of all rat inner medullary collecting duct

transcripts, and a database of all rat inner medullary col-

lecting duct proteins. The former is created by combining

two published studies, one from RNA-seq and one from

expression microarrays, while the latter is a created by

distilling information from 18 published studies.

Methods

We curated a comprehensive list of proteins found in the

rat IMCD cells from 18 studies (van Balkom et al. 2004;

Hoffert et al. 2004, 2006, 2012, 2014; Barile et al. 2005;

Hoorn et al. 2005; Pisitkun et al. 2006; Simons et al.

2006; Yu et al. 2006; Sachs et al. 2008; Bansal et al. 2010;

Tchapyjnikov et al. 2010; Zhao et al. 2012; Bradford et al.

2014; Trepiccione et al. 2014; Pickering et al. 2016;

LeMaire et al. 2017) done within our laboratory. Some of

these proteomic studies include multiple experimental

methods, which results in 20 “sources” describing which

experimental method identified a specific protein. This

database has been put together on a publicly accessible

webpage (https://hpcwebapps.cit.nih.gov/ESBL/Database/

IMCD_Proteome_Database/).

We have created a sequence-based search tool, called

cdbBLAST, which allows databases to be searched for a

certain protein using a protein-to-protein sequence com-

parison. cdbBLAST uses the NCBI blastp kernel to search

the database for the protein in question and returns simi-

lar proteins that are found in the database as well. It also

returns information from the database on each of the

proteins in the results. cdbBLAST can be used as a web-

based servlet or as a downloadable GUI.

When the user types (or pastes) a string of amino acids

into the search box and hits submit, cdbBLAST turns that

string into a .txt file, and uses it as input to the NCBI blastp

kernel. The input needs to be a minimum of 11 amino

acids in length. The blastp kernel then compares this input

file to a database of sequences, and prints the results of the

comparison (Fig. 1). The cdbBLAST web-based servlet

then prints these results as a webpage. The cdbBLAST GUI

version outputs the results directly in blastp format.

Software implementation

cdbBLAST, both the web-based servlets and the down-

loadable version, were written in Java (Java Development

Kit 1.8 Update 121) using NetBeans IDE 8.1 as an inte-

grated development environment. They were implemented

using Apache Tomcat 8.0.15. The 2.4.0 version of blastp

kernel from NCBI is used, and was downloaded from

ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+ as part

of the blast 2.4.0+ folder.

cdbBLAST takes an amino acid sequence as input and

compares it to a list of FASTA sequences corresponding

to entries in the curated database. This list includes not

only FASTA sequences and the typical FASTA metadata,

but additional information from the databases that are

built into the metadata.

These FASTA sequence lists were created using the

Automated Bioinformatics Extractor (ABE) to convert

the RefSeq protein accession numbers of the entries to

FASTA amino acid sequence and metadata. The database

information was then combined with the existing meta-

data for each protein/transcript. Next the list was copied

into a Notepad file, and saved as a “filename.fasta” file.

Subsequently, in the command line, the BLAST code

makeblastdb.exe was run, using this new .fasta file as

part of the input. This results in three new files being

created: filename.fasta.phr, filename.fasta.pin, and file-

name.fasta.psq. These three files are required to run

blastp, and thus cdbBLAST (Fig. 2). A more thorough

step by step process can be found in the Appendix,

downloadable from https://hpcwebapps.cit.nih.gov/ESBL/

Database/cdbBLAST-Appendix/Appendix.html.

Results

We have curated a rat IMCD proteome database from 18

studies produced in our laboratory, resulting in a data-

base of 8956 proteins. This database has been made into

a publicly accessible webpage (https://hpcwebapps.cit.nih.

gov/ESBL/Database/IMCD_Proteome_Database/) (Fig. 3).
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This database shows how many different experimental

datasets each protein was found in, as well as its protein

name, official gene symbol, accession number, and num-

ber of amino acids. The database also shows, and can be

sorted by, whether the corresponding mRNA is present in

the transcriptome.

To best search large databases like this rat IMCD pro-

teome, we have created a sequence-based search tool

called cdbBLAST. cdbBLAST allows the user to input a

full amino acid sequence, or a partial sequence, and com-

pare it against a list of FASTA sequences corresponding

to the proteins/transcripts in the curated database. We

Input sequence
Database .fasta file is created (see Figure 2)

Converted to .txt file

.txt file becomes input to
blastp kernel

blastp compares .txt file to database .fasta file

.fasta file used as input to blastp kernel

blastp outputs the sequences the input sequence
matches most significantly

Figure 1. A flowchart explaining the algorithm of cdbBLAST. The input sequence is converted to a .txt file, which becomes the input to the

BLAST kernel. This input file is compared to a .fasta database, and the sequences in the .fasta database that match most closely to the input

sequence are output in the results.

Collect all 
proteins in
database

Run proteins
through ABE to
get FASTA  with 

metadata

Save as a 
“.fasta” file

Insert 
experimental 

data into
metadata

Run makeblastdp.exe 
to create necessary 
files for cdbBLAST

cdb

Figure 2. A flowchart explaining the process for creating a .fasta database to be used with cdbBLAST. We start with a list of all proteins* in

the database. That list is then run through Automated Bioinformatics Extractor (ABE) to get the FASTA sequence and metadata associated with

each protein in the list. Next, experimental information is added to the metadata for each protein, and this new list is saved as a “.fasta” file.

The .fasta file is then the input for makeblastdb.exe, which creates the three necessary files needed to run cdbBLAST. A more detailed

explanation can be found in the Appendix, downloadable from https://hpcwebapps.cit.nih.gov/ESBL/Database/cdbBLAST-Appendix/

Appendix.html. *This figure describes proteins being made into a database. The process for creating a database of transcripts is the same.
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have created a rat IMCD proteome database and com-

bined two existing rat IMCD transcriptome databases to

be searched using cdbBLAST, which has been made

publicly accessible (https://hpcwebapps.cit.nih.gov/ESBL/

Database/cdbBLAST) as well as downloadable as a .jar file

(Fig. 4).

IMCD Proteome Database
This database of renal inner medullary collecting duct (IMCD) proteins is based on published protein mass spectrometry data from the NHLBI Epithelial
Systems Biology Laboratory. All data are from IMCD cells freshly isolated from the renal medullas of rats.

The database can be sorted by protein name, gene symbol, accession number, amino acid number, the number of sources, and if it is in the transcriptome
by clicking on the respective header of the table. It is also possible to download data as an Excel file .

The IMCD Proteome Database was created by Barbara Medvar, Jennifer Huling, Dmitry Tchapyjnikov, Aaron N. Sachs, Brian Ruttenberg, Vinitha Jacob,
Guozhong Ma, Jason D. Hoffert, Trairak Pisitkun and Mark A. Knepper. Contact us with any questions or comments.

BLAST your protein against this database

Current Database Size: 8,956 proteins. 
Sources

Protein Name Gene Symbol Acc No. A.A. No. Sources* In the
Transcriptome**

* Find the techniques used here.

** Yes means that the corresponding transcript was found in either Lee et al. PMID: 25817355 or Uawithya et al. PMID: 17956998.

NHLBI Home Search NHLBI Accessibility Information NHLBI Site Index Other Sites

enolase 1, alpha Eno1 NP_036686.1 434 1, 2, 3, 4, 6, 7, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20 Yes

aldehyde reductase 1 Akr1b1 NP_036630.1 316 1, 2, 3, 4, 5, 6, 9, 10, 11, 12, 15,
16, 17, 18, 19, 20 Yes

annexin A2 Anxa2 NP_063970.1 339 1, 2, 4, 5, 6, 7, 9, 10, 11, 12, 14,
15, 17, 18, 19, 20 Yes

crystallin, alpha B Cryab NP_037067.1 175 1, 5, 6, 7, 8, 10, 11, 12, 13, 15,
16, 17, 18, 19, 20 Yes

heat shock protein 1 Hspb1 NP_114176.3 205 1, 2, 5, 6, 8, 10, 11, 12, 13, 15,
16, 17, 18, 19, 20 Yes

keratin, type I cytoskeletal 19 Krt19 NP_955792.1 403 2, 5, 6, 8, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20 Yes

myosin, heavy polypeptide 9 Myh9 NP_037326.1 1961 4, 5, 6, 8, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20 Yes

catenin (cadherin-associated protein), alpha 1, 102kDa Ctnna1 NP_001007146.1 908 4, 6, 8, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 Yes

heterogeneous nuclear ribonucleoprotein K Hnrnpk NP_476482.1 463 5, 6, 8, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 Yes

heat shock 105kDa/110kDa protein 1 Hsph1 NP_001011901.1 858 3, 4, 6, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 Yes

keratin type II cytoskeletal 8 Krt8 NP 955402 1 483 1, 2, 6, 7, 8, 10, 11, 12, 13, 15,
17 18 19 20 Yes

Figure 3. A publicly available webpage was created to provide users with a complete list of proteins found in the rat IMCD, as identified in 18

studies. Access to this webpage can be found at https://hpcwebapps.cit.nih.gov/ESBL/Database/IMCD_Proteome_Database/. There is a link to a

list of all sources, as well as a link to download the data to an Excel file. The data on this webpage can be sorted by the number of sources a

protein is found in, amino acid number, if a protein is found in the transcriptome, or alphabetically by gene symbol, protein name, or RefSeq

number.
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The proteome cdbBLAST search (Fig. 5A) allows the

user to input an amino acid sequence and search the

curated rat IMCD proteome database introduced in this

paper. There is a link on both the main page and the results

page of cdbBLAST to the proteome database. At the bottom

of the search page, there is a set of criteria (e.g., expect

threshold, word size, substitution matrix, and gap costs)

the user can use to manipulate the results, based on NCBI’s

BLAST code (Altschul et al. 1990) (Fig. 5B). Once the user

is content with the criteria and the sequence used, hitting

“submit” will allow the code to run and brings up a results

page. This results page shows a table at the top of the page

with the proteins that match best to the search sequence. It

also shows the related proteins’ RefSeq number, which is a

link to that protein in PubMed (National Center for

Biotechnology Information, 2017), and the “score” and “e-

value” as determined by NCBI’s blastp code. The “score” is

a normalized score for aligning pairs of residues between

the query and the database sequences, where the “e-value”

or expected value is the number of hits one can expect to

see by chance. The higher the score, and the lower the e-

value, the more significant the match. Below this table, each

related protein is compared to the search sequence. Each

comparison is labeled with the protein’s RefSeq number,

protein name, and what sources from the IMCD proteome

that protein was found in. Between the table and the com-

parisons is a link labeled “Sources listed here” which allows

the user to open the “Sources” page from the IMCD pro-

teome database in another tab so they are able to see what

each numbered source is without losing their cdbBLAST

search results. To show an example of what the results look

like, we used the partial sequence associated with the

HECTc domain from Nedd4l as a sample query. Nedd4l is

an E3 ubiquitin ligase most likely to ubiquitinate the water

channel aquaporin-2 (Medvar et al. 2016) in IMCD cells.

One use of cdbBLAST is searching a large-scale database

cdbBLAST
Below are different webpages where sequences can be compared to the specific databases listed using Blast. There is also a downloadable, stand-alone GUI
called cdbBLAST that allows the user to enter both a sequence and a database to Blast against. Contact us with any questions or comments.

IMCD Proteome Database

IMCD Transcriptome Database

cdbBLAST GUI Download

NHLBI Home Search NHLBI Accessibility Information NHLBI Site Index Other Sites

Figure 4. A screenshot of the main cdbBLAST webpage. This page has links to the IMCD Proteome and Transcriptome cdbBLAST searches,

which compare an input sequence to our databases of proteins and transcripts, respectively. There is also a link to the downloadable GUI

version of cdbBLAST, where the user can compare a sequence of interest to their own database of sequences.

Published 2018. This article is a U.S. Government work and is in the public domain in the USA. 2018 | Vol. 6 | Iss. 18 | e13846
Page 5

B. Medvar et al. Sequence-Based Searching of Custom Databases



for an amino acid sequence associated with a specific

domain to find all proteins within that domain. cdbBLAST

is a useful tool for this type of search because of its ability

to give not only results that match exactly, but also results

that are similar. As seen in Figure 5C, using the HECTc

domain of Nedd4l shows results not only for Nedd4l, but

also for 17 similar proteins. For Nedd4l you can also see

the beginning of the sequence comparison, as well as the

datasets Nedd4l was found in.

The rat IMCD transcriptome cdbBLAST search

(Fig. 6A) is very similar to the proteome search. However,

this database is a combination of two different transcrip-

tomic databases: one using RNA-sequencing (Lee et al.

2015) and the other using Affymetrix techniques (Uaw-

ithya et al. 2008). The results from this cdbBLAST search

are structured the same as the proteome cdbBLAST

search (see above), however the comparisons are labeled

with the protein’s RefSeq number, protein name, and the

median RPKM value and/or the normalized IMCD-Signal

(depending what study that protein is found in). As an

example, we searched the IMCD transcriptome using the

amino acid sequence for Smad1. Smad1 is a transcription

factor found in the IMCD transcriptome as seen in Fig-

ure 6C. cdbBLAST also found many very similar proteins

as well, some so similar they have the same e-value as

Smad1. The comparison of the query to the database

shows that Smad1 was found in both transcriptomic stud-

ies used to create this database.

The downloadable version of cdbBLAST (Fig. 7) is a

slightly simpler version than the web servlets. It does not

allow the user to adjust the settings and there are no

clickable links in the results, but the information pro-

vided is the same as the cdbBLAST web-based searches,

with there being a table of similar proteins followed by

Submit Clear input

Submit Clear input

10

1

3

BLOSUM62

Existence: 11 Extension: 1

Conditional compositional score matrix adjustment

Figure 5. A screenshot of the rat IMCD Proteomic cdbBLAST (A) initial page where a sequence can be typed or pasted into the white box, (B)

settings that can be changed to alter the results of a search, and (C) results, using Nedd4l as a sample amino acid input sequence. The results

include a summary table of the proteins whose sequences best match the query (input) sequence, which includes links to their PubMed protein

pages. Below this table are comparisons of these top proteins to the query sequence. Within each comparison, the sources in which that top

protein is found are listed. There is a link to the original database on both the initial page and the results page.
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sequence to sequence comparisons with database data.

However, unlike the web servlets, the downloadable ver-

sion of cdbBLAST can be used with any database of pro-

teins or transcripts that has been correctly formatted.

This allows users to integrate any prior data they wish

into the database (and thus the output from the search),

as well as allows the user to submit multiple sequences

as input in a text file. A manual has been created to

provide the user with a step-by-step guide to this process

(see Appendix, download from https://hpcwebapps.cit.

nih.gov/ESBL/Database/cdbBLAST-Appendix/Appendix.

html). While this is the best use of the cdbBLAST GUI,

we have also made the databases created in our labora-

tory available for download as well on the GUI down-

load page.

Discussion

Our laboratory has created rat IMCD cdbBLAST searches

for the proteome and transcriptome both as web-based

servlets. We have also created a downloadable GUI ver-

sion, with downloadable versions of our IMCD proteome

and transcriptome databases available, as well as a manual

explaining how the user can create a database from their

own data.

cdbBLAST is a valuable tool that allows scientists to

use the most unique search parameter when looking

through a database: the amino acid/nucleotide sequence.

With large databases created from large-scale proteomic

and transcriptomic experiments becoming more common,

a lot of useful data is being reported but not utilized due

to the sheer volume of information available. As more is

learned about the nature and function of specific proteins

or transcripts, they are given new names or gene symbols.

This makes older databases tedious and time consuming

to search if they cannot be searched via amino acid/nu-

cleotide sequences. There is no longer a need to do multi-

ple searches within a database using every gene symbol

from discovery to present in hopes of finding data on a

specific protein/transcript.

cdbBLAST also allows the user to search for pieces of

sequence, such as protein domains, allowing researchers

to learn more about a group of proteins/transcripts in a

single search. However, cdbBLAST requires at least 11

amino acids/nucleotides for the search to run, making it

difficult search for smaller domains or motifs.

IMCD Transcr iptome BLAST

Blast your amino acid sequence against the IMCD Transcriptome databases. 

Enter amino acid sequence: How do I find this information?

Submit Clear input

 Click here to manually change settings

IMCD Transcr iptome BLAST

Blast your amino acid sequence against the IMCD Transcriptome databases. 

Enter amino acid sequence: How do I find this information?

Submit Clear input

 Click here to manually change settings

Max sequences returned: 10

Expect threshold: 1

Word size 3

Matrix: BLOSUM62

Gap costs: Existence: 11 Extension: 1

Compositional adjustments: Conditional compositional score matrix adjustmen

Figure 6. A screenshot of the rat IMCD Transcriptome cdbBLAST (A) initial page where a sequence can be typed or pasted into the white box,

(B) settings that can be changed to alter the results of a search, and (C) results, using Smad1 as a sample amino acid input sequence. There are

links to the original databases, a summary table of the transcripts whose sequences best match the query (input) sequence which includes links

to their PubMed protein pages, and comparisons of these top transcripts to the query sequence. Each comparison also reports the median

RPKM value and/or the normalized IMCD-Signal (depending what study that protein is found in) for that transcript.

Published 2018. This article is a U.S. Government work and is in the public domain in the USA. 2018 | Vol. 6 | Iss. 18 | e13846
Page 7

B. Medvar et al. Sequence-Based Searching of Custom Databases

https://hpcwebapps.cit.nih.gov/ESBL/Database/cdbBLAST-Appendix/Appendix.html
https://hpcwebapps.cit.nih.gov/ESBL/Database/cdbBLAST-Appendix/Appendix.html
https://hpcwebapps.cit.nih.gov/ESBL/Database/cdbBLAST-Appendix/Appendix.html


For every searched sequence using cdbBLAST, the

results include proteins/transcripts that are similar to the

search sequence. This makes it easier for researchers to

find a related protein/transcript if the search protein/

transcript is not found, or when the searched sequence is

a different species than that of the database. Every pro-

tein/transcript shown in the results is accompanied by

the database information associated with it, as well as a

sequence comparison to the searched sequence, so the

user can see how well the sequences match. For example,

we have combined 18 published studies from our labora-

tory into one large IMCD proteome database of 8956

proteins. This database lists each proteins name, gene

symbol, amino acid number, accession number, whether

it is found in the transcriptome, and which of the

sources (experiments from within these studies) that

protein was found in. When this database is searched

using cdbBLAST, each protein in the results lists the

sources in which that protein was found. It is logical

that the more times a protein was identified, the more

likely it is to exist in the IMCD. This added information

to the results of the search allows the user to see the rel-

evant information without having to go back to the orig-

inal database.

Figure 7. A screenshot of the downloadable version of cdbBLAST. Users can either type/paste in a sequence into the “Input Sequence to

BLAST:” box or browse their computer for a .txt file to input. Users then browse their computer (or type in the path) for the .fasta database

they either created (Fig. 2) or downloaded from our webpage before hitting “Submit”. “Clear” clears only the input, while “Reset” clears the

database and output sections as well. The results print similarly to the web-servlets, without any links to webpages. The results can be saved,

copied, or cleared by hitting the corresponding buttons under the results box.
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The web-based servlets we have created using

cdbBLAST focus on the rat IMCD transcriptome and

proteome. Specifically, they focus on the level of expres-

sion of the transcripts in the IMCD and what proteins

are found in IMCD cells, respectively. The downloadable

version of cdbBLAST allows the user to create their own

searchable database(s) which can include any and all

information they wish, from multiple datasets. Our tran-

scriptome and proteome cdbBLAST databases are also

available to be downloaded and used with this version.

While amino acid/nucleotide sequences remain consistent

through time, more information is learned about proteins

and transcripts constantly. With the downloadable version

of cdbBLAST, new information can be added to an exist-

ing searchable database with ease (see Appendix, down-

load from https://hpcwebapps.cit.nih.gov/ESBL/Database/

cdbBLAST-Appendix/Appendix.html).
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