
Discovery of Bioactive Proteins from Scorpion Venom using Two Dimensional Mass Spectrometry
Meng Li,1 Yuko P. Y. Lam,1 Christopher A. Wootton,1 Peng Chen,2 Remy Gavard,1 Cookson K. C. Chiu,1 Bryan P. Marzullo,1 Qiong Wu,2 

Mark P. Barrow,1 Hongzheng Fu,2 Peter B. O’Connor1

1Department of Chemistry, University of Warwick, Coventry, UK; 2 School of Pharmaceutical Sciences, Peking University, Beijing, China
Introduction

Crystal Structure of Factor X
PDB:2BOK

 The scorpion Mesobuthus Martensii, is a species widely 
present in China and used in traditional Chinese medicines 
for thousands of years.1 Venoms from this type of scorpions 
contain a highly complex mixture of proteins which have 
been proven to contain bioactive components.2,3  These 
peptides show a diverse variety of pharmaceutical 
properties for the treatment of many conditions, such as 
cardiovascular problems, drug dependence, chronic pain, 
diabetes, and even tumors.4,5  
 Some proteins have shown in-vitro inhibition of the 
enzyme factor Xa, which catalyses the conversion of pro-
thrombin to thrombin, causing blood coagulation, leading 
to thromboembolism. These proteins are highly varied in 
structure and often heavily modified and/or crosslinked 
with particularly high numbers of disulphide bonds, with 
only partial genome sequences available, sequencing and 
tandem MS of these species is extremely challenging.
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Compounds M1.w*c[1] M1.w*c[2] Fractions
3477.203743 0.436664 0.487739 F18
3423.287655 0.425966 0.505426 F18

Activiity 0.412539 0.103514
3460.178468 0.249991 0.2251 F18

1019.58445 0.224316 0.16496 F18
3187.291872 0.204009 -0.01003 F26
3197.314678 0.204009 -0.01003 F26
3528.319876 0.204009 -0.01003 F26
3794.409532 0.204009 -0.01003 F26
3827.495963 0.204009 -0.01003 F18
1134.494361 0.143674 0.0355582 F18

Results: 2D - FTICR-MS of Crude Venom Tryptic Digest

Conclusions

Results: 2DMS of Bioactive Species (Top-down)
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Horizontal fragment ion scan

Scan #4956 PeptideSequence: DLPDNVPIRVPGK
Precursor m/z: 710.401358

Peptide Sequence: DAYIADSENC(cam)TY
Precursor m/z: 711.279912

~ x 2

~ x 1.5

~ x 1.5

~ x 1.1

Scan #4957

Scan #4958

Scan #4959

Scan #4960

Scan #4961

a) 2DMS Spectrum a) 2DMS Spectrum (IRMPD)

c) 2DMS Spectrum (IRMPD vs ECD)
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d) 5 Consective Fragmentation Scans in 2DMS
e) Zoomed in Precursor

b) Direct Infustion MS scan

c) 2DMS Extracted Autocorrelation Line

600400 m/z

m/z

800 1000 1200

Fragment m/z

Pr
ec

ur
so

r m
/z

710.2 710.6 711.0 711.4 711.8 712.2
709.8

710.8

711.8

712.8

713.8

714.8

f) Number of peptides identified
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b) 1D vs 2DMS

Fragmentation pattern suggest that this is a labile modification

· By utilising standard proteomics methods, it is difficult to find new potential pharmaceutical targets. 
· 2D-FTICR-MS can provide additional information to nLC-MS/MS which is essential to de novo 
sequencing of unknown proteins and peptides.
· Bioactivity assays coupled with statistical methods helps to narrow down potential bioactive species.
· Potential, novel FXa inhibitor protein has been sequenced.
· 2DMS allows for easy identification of labile modifications.
· The method is applicable to identifying potential pharmaceutical leads from other natural products.
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