
Controlled	  Biosynthesis	  and	  Diversifica4on	  of	  Plant-‐Derived	  Pharmaceu4cals	  
John	  de	  la	  Parra1,	  Noreen	  Rizvi2,	  Jared	  Auclair1,	  Philip	  Le	  Quesne1,	  Carolyn	  Lee-‐Parsons1,2	  

1Dept.	  of	  Chemistry	  and	  Chemical	  Biology,	  2Dept.	  of	  Chemical	  Engineering,	  Northeastern	  University,	  Boston	  MA	  02115 
	  

Graduate	  
Category:	  Physical	  and	  Life	  Sciences	  
Degree	  Level:	  PhD	  
Abstract	  ID#	  1333	  

1.  van der Heijden, R., et al. Current Med. Chemistry, 11.5 (2004): 607 
2.  Laflamme, P. and de Luca, V., Plant Physiol, 125 (2001): 189-198 
3.  Jolicoeur, M., et al Phytochem Rev 6 (2007): 208. 
4.  Giddings, L., et al. J Biol Chem, 286.19 (2011): 16752. 
5.  Rizvi, N., et al., Plant Cell Tiss Organ Cult 120.2 (2015): 475-487 

  
 

 

 
 

METHODS 

National Science Foundation –  
CBET AWARD NUMBER 1033889 (CLP) 

Northeastern Department of Chemistry and Chemical Biology 
National GEM PhD Fellowship (JdlP) 

Brandon Dale, Brown University Greenhouse 

ACKNOWLEDGEMENTS 

0.0 
1.0 
2.0 
3.0 
4.0 

Natural Roots Tissue culture 
untreated 

Tissue culture 
+250 uM MJ 

New Metabolite “B” 

0.0 

1.0 

2.0 

Natural Roots Tissue culture 
untreated 

Tissue culture 
+250 uM MJ 

New Metabolite “A” 

Metabolite Concentration (mg/g dry weight) 

Methyl	  jasmonate	  

1.  Creation of tissue cultured root material 

•  Plants were infected with Agrobacterium, roots emerged from 
infection point. 

•  Roots were harvested and residual Agrobacterium were 
eliminated. 

•  Roots were adapted to liquid media. 

 
2.  Optimization of plant hormone elicitation 

•  Elicited at optimum growth stage (27 days) 
•  Elicited for optimum period of time (5 days) 
•  Elicited at optimum concentration (250 uM) 

(pubchem)	  

3.  Roots were dried, extracted with methanol, and analyzed. 
  
•  Extraction method was optimized for consistency 
•  HPLC separation was optimized 
•  UV spectra were observed for initial metabolite identification. 
•  Peak areas were integrated and metabolite concentrations 

calculated. 

4.  Advanced analytical techniques (UPLC-MS/MS) were 
performed to identify each compound. 

 
•  HPLC method to UPLC method conversion was optimized 
•  Based on UV spectra and fragmentation patterns, compounds were 

identified 

C. roseus root cultures in a 250 mL flask 
A scalable, controllable environment for pharmaceutical production 

•  We have shown that two new compounds, New Metabolite “A” 
and New Metabolite “B”, uniquely accumulate in tissue cultured 
roots elicited with the plant defense hormone methyl jasmonate. 

•  These compounds have been identified by MS/MS and isolated 
for subsequent submission to pharmaceutical bioassays. 
Previous work indicates they are likely valuable compounds as 
pharmaceutical precursors or drugs in their own right. 

•  Additionally, these compounds have been identified as 
verification of a previously unconfirmed branch of C. roseus 
metabolism, specifically induced by a known defense hormone, 
methyl jasmonate. 

 

•  C. roseus has a very long ethnobotanical history with much scientific investigation throughout the years. It produces many valuable 
pharmaceutical compounds. However, because of very low yield, the current harvest method is to grow the whole plant in large fields. 

 
•  Using plant tissue culture techniques and hormone elicitation, we seek to further manipulate the complex specialized metabolism of this plant to 

diversify and accumulate valuable pharmaceuticals.  
 
•  By subjecting scalable tissue like hairy roots to the plant defense hormone methyl jasmonate, we seek to establish a method that allows for the 

optimization of medicinal plant compound production. 

ABSTRACT RESULTS 
     The Madagascar periwinkle (Catharanthus roseus) produces over 130 alkaloids, many of which are pharmaceuticals for cancers and other 
diseases. These specialized metabolites can be induced by hormones in order to protect the plant from predators, microbes, and other competitors.  
 
     In this study, we investigate the alkaloid profile of typical C. roseus roots, as well as scalable in vitro tissue cultures that have been elicited with the 
plant defense hormones methyl jasmonate and salicylic acid to attempt the increase and diversification of pharmaceutical biosynthesis. Alkaloid 
profiles, including at least two previously uncharacterized metabolites, are compared and identified by MS/MS. This comparison suggests that 
elicitation with methyl jasmonate uniquely alters alkaloid metabolite biosynthesis by diverting the metabolic pathway to make otherwise 
unaccumulated  compounds with potential pharmaceutical value.  
 
By creating and eliciting tissue cultures of C. roseus, we are able to efficiently and reliably create unique accumulations of these new, 
potentially valuable, metabolites. This technology presents an enticing alternative to the current harvesting of field-grown C. roseus. 
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An uncontrollable, unsustainable model for pharmaceutical production 
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