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The power of 3 for 
shotgun proteomics: 
proteases, 
databases, and 
search engines.



2

Introduction



3

Introduction

Proteases
 Multiple protease strategy to increase the proteome depth and sequence coverage. 
Lots of proteases to choose from.
Orthogonal proteases yield complementary results

Proteases most  widely used in proteomic  analysis:  

1.Trypsin (R, K) by far the most widely used protease in proteomic analysis.

2.Other proteases and cleavage reagents

           Glu-C (E)

           Lys-C (K)

           Chymotrypsin (F, W, Y)

           Asp-N (N)

3.Non specific proteases 

Subtilysin

Pepsin (F, L)

Proteinase K 

Pronase (mixture of endo- and exo-proteinases)

Elastase (A, G, S, V)

Thermolysine (I, M, F, W, Y, V)

Protease selectivity: the less residues targeted, the more selective the enzyme.
Protease orthogonality: different proteases cleave different AA residues. 
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Introduction

Databases
 A protein sequence database is required to match an acquired spectrum to its theoretical counterpart. The database 

comprises the AA sequences of all proteins that are expected in the sample. This is why specific protein databases arising 
from genome sequencing projects of the species of interest are ideal. However, if that is not readily available, sequences 
from a closely related species must be explored. Issues related to database search include variant protein, sequencing 
errors, or homologous protein from another species [Creasy et al 2002]. 

Several Cannabis sativa genomes have been 
sequenced [van Bakel et al 2011] [Grassa et al 
2018] [Laverty et al 2018].

Number of genes varies from 27819 to 34589 
[Kovalchuk et al 2020]. 

Database specificity: a specific database only contains 
sequences from the species of interest
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Introduction

Search engines
 A plethora of search engines are available to the proteomics community to turn tandem mass spectra of peptides into AA 

sequences (Mascot, Masslynx, MS-Tag/MS-Seq, PeptideSearch, PepFrag, ProbID, SEQUEST, SpectrumMill, X!Tandem, Peaks, 
MaxQuant, InSpect, MSGFDB, OMSSA, MyriMatch, Paragon, ProteinPilot, Phenyx, PeptideProphet, Sonar, Andromeda, 
Protein Prospector, InsPecT, Morpheus, MS Amanda, SimSpectraST, ProLuCID, etc…).

Same fundamental elements: 
• read protein sequence databases
• emulate enzymatic cleavage to peptides
• extrapolate post-translational modifications (PTMs)
• apply a tolerance of observed precursor and fragment masses 
• predict fragment ions for each peptide sequence
• compare observed and expected fragments

sitemaker.umich.edu/iwsmoi/home

Shared results across search engines but specificity always reported.

Paulo et 
al 2013Kapp et al 2005
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What has been achieved so far in cannabis proteomics at 

Agribio?
 1st experiment: optimisation of protein extraction from mature buds for BUP (trypsin). 

Materials - Methods

2nd experiment: optimisation of protein digestion for protein identification using BUP and MDP.
3rd experiment: optimisation of intact protein analysis and sequencing using TDP.
4th experiment: optimisation of database search.

Vincent et al, 2018

Vincent et al, 2019a

Vincent et al, 2019b
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Materials - Methods
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Materials and Methods

Sample preparation and analysis
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Materials and Methods

Five databases
 

* JO29k cannot be parsed in Mascot due to duplicate rows.
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Materials and Methods

Data file search
 

Proteome Discoverer 1.4
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Results
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Results

Statistical analyses
 

TICs

Good reproducibility
Protease patterns very different (triangle on PCA plot).
TL pattern display more peaks.
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Results

Number of IDs
 

The larger the 
database the longer 
the list of proteins 
identified.

Opposite trend with 
% relative to database 
size (pink dots).
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Results

Proteases
 

Number of IDs: TL > A > C
Some shared accessions across proteases but also mostly complementary.
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Results

Search algorithms
 

SEQUEST yields more IDs than Mascot.
Most accessions are common across both algorithms but many are unique to each search engine.

Even though SEQUEST (1994) predates Mascot (1999), 
the latter is more popular.
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Results

Search times
 

The larger the database, the longer the search.
The type of protease also affects the duration of the search (Asp-N takes longer).
SEQUEST is faster than Mascot.
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Results

Miscleavages and peptide size
 

Up to 10 miscleavages but mostly 0-3.
Peptide length: 0.6-7.6 kD, average 2 kD.
Asp-N produces longer peptides (average 2.2 kD) than TL and C (average 1.9 kD).
Long peptides carry more miscleavages.
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Results

Sequence coverage
 

Short proteins achieve greater sequence coverage (e.g. OAC 101AAs).
Coverage ranking per protease: TL >= Asp-N > C 
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Results

Sequence coverage
 

Short proteins 
achieve greater 
sequence coverage 
is confirmed with 
the largest 
databases.

Similar trend across 
all proteases.

Negative 
relationship 
between protein 
MW and sequence 
coverage.
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Results

Post-translational modifications
 

Cannabis proteins are heavily modified.
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Results

Database specificity and Gene Ontology (GO)
 

The non-specific database (SPGP40k) helps identify homologous proteins which can then be categorise using GO. More 
annotations mean deeper insight into the biology of the system of interest.
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Conclusions
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- Proteases: the more the better but if you had to choose one, pick trypsin. It delivers every time!

- Databases: size does matter! The larger the better! If possible, chose a specific database.

- Search engines: I think the more the better, but the jury is still out on this!

- Results published: https://doi.org/10.3390/proteomes8020013

Conclusions

What do this 3 items have in common?Easy Quizzy !!!

pot

roots
resin

terracota

stainless 
steel

heat container
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Thank you!
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