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Plants in natural conditions are exposed to different biotic and 
abiotic stress conditions. Plants respond to these stresses via 
several molecular and biochemical changes at the cellular level, 
including biosynthesis of a variety of secondary metabolites. 
Catharanthus roseus, a member of Apocynaceae family, produces 
a variety of secondary metabolites, especially monoterpenoid 
indole alkaloids (MIAs). Some of these MIAs are of high thera-
peutic values, such as the antihypertensive, ajmalicine, serpen-
tine and anticancer vincristine, vinblastine.1 Many of the MIAs 
and transcripts of genes involved in MIAs biosynthesis show 
enhanced accumulation in response to stresses such as UV and 
plant stress hormone methyl jasmonate (MeJA).2-7

Mitogen-activated protein kinase (MAPK) signaling is an 
evolutionarily conserved mechanism in eukaryotes and involved 
in transducing extracellular signals to produce responses to the 
stress in question.8 In C. roseus involvement of protein phos-
phorylation as well as MAP kinase in stress-induced transcripts 
accumulation of key genes of MIA biosynthesis have been specu-
lated.7,9 Recently, we have shown cloning and characterization of 
CrMPK3, a MAPK from C. roseus. CrMPK3 showed enhanced 
transcripts accumulation and MAPK activity in response to 
wounding, UV treatment and MeJA application in C. roseus. 
Further, transient overexpression of CrMPK3 showed higher 
transcripts level of key genes involved in MIA biosynthesis and 
higher accumulation of important MIAs (Fig. 1).10 Here, we 
extend functional characterization of CrMPK3 in S. cereviseae. 

Catharanthus roseus is an important source of pharmaceutically important Monoterpenoid Indole Alkaloids (MIAs). 
Accumulation of many of the MIAs is induced in response to abiotic stresses such as wound, ultra violet (UV) irradiations, 
etc. Recently, we have demonstrated a possible role of CrMPK3, a C. roseus mitogen-activated protein kinase in stress-
induced accumulation of a few MIAs. Here, we extend our findings using Saccharomyces cerevisiae to investigate the 
role of CrMPK3 in giving tolerance to abiotic stresses. Yeast cells transformed with CrMPK3 was found to show enhanced 
tolerance to UV and heat stress. Comparison of CrMPK3 and SLT2, a MAPK from yeast shows high-sequence identity 
particularly at conserved domains. Additionally, heat stress is also shown to activate a 43 kDa MAP kinase, possibly 
CrMPK3 in C. roseus leaves. These findings indicate the role of CrMPK3 in stress-induced MIA accumulation as well as in 
stress tolerance.
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Yeast has been used as a model system to substantiate the role of 
plant genes/protein in stress tolerance mechanisms since plants 
and yeast show significant similarity in signal transduction 
mechanism, particularly MAPK signaling mechanism.11-15

Activation of CrMPK3 by wounding and UV exposure hinted 
at possible roles of CrMPK3 in abiotic stress tolerance. To support 
this hypothesis, we studied the effect of CrMPK3 overexpression 
and stress tolerance in budding yeast. CrMPK3 was cloned in 
pYES 2.1 under a galactose inducible promoter and resulting 
construct was transformed in a protease-deficient yeast strain 
BCY123. As a control, the same strain was transformed with 
vector alone. Yeast cells transformants with CrMPK3 and vector 
alone were subjected to UV, heat and cold stress treatment and 
then plated on nutrient media. As shown in figure (Fig. 2A and 
B), CrMPK3-transformed yeast exhibited better survival and 
growth than the vector-transformed controls in heat shock as 
well as UV stress. However, in case of cold stress, only a marginal 
difference in growth was observed (Fig. 2C). Since CrMPK3 
protein activation was observed in response to UV exposure,10 
better survivals of CrMPK3-transformed yeast during UV expo-
sure substantiates the role of CrMPK3 in UV-mediated signal-
ing. Further, as CrMPK3 rescued the yeast during heat shock, we 
studied MAPK activation in C. roseus leaves in response to heat 
shock. An in gel kinase assay showed a distinct ~43 kDa MAPK 
activity in response to heat shock in C. roseus leaves, which possi-
bly indicates CrMPK3 activity in heat stress. The ability of yeast 
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cells to resist heat shock and UV stress is related with cell wall 
integrity. In Saccharomyces cerevisiae, well-characterized SLT2, 
MAP kinase pathway is associated with cell wall integrity.16,17 
When a sequence alignment of CrMPK3 and SLT2 was per-
formed, a high domain identity was observed between CrMPK3 
and SLT2 (Fig. 3). Owing to high homology and functional sim-
ilarity, it could be inferred that overexpression of CrMPK3 might 
have been supplemental to the native SLT2 protein and, thus, 
enabling yeast to survive and grow better under stress conditions. 
Further, it indicates that CrMPK3 may have analogous function 
in planta to that of SLT2 in yeast, in addition to signaling for 
higher MIAs in response to stress.
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Figure 1. A simplified scheme depicting the role of CrMPK3 in stress-in-
duced MIA accumulation in C. roseus. Dashed arrow indicates presence 
of either multiple steps or unknown components. Solid arrows indicate 
up- or downregulation.
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Figure 2. CrMPK3 provides tolerance to yeast against abiotic stresses. CrMPK3 was cloned in 
vector pYES2.1. BCY123 yeast cells were transformed either with pYES 2.1:CrMPK3 or vector alone 
(pYES2.1). The transformed overnight grown yeast cultures were diluted to OD600 = 0.5 in 2% Gal, 
50 mM MES pH 5.5 and subjected to different stress treatments. 10 μl of original culture (OD600 = 
0.5), along with different serial dilutions (10-1, 10-2, 10-3 and 10-4 cells), were spotted on dropout me-
dia lacking Uracil and containing 2% Galactose as inducer. (A) Heat shock was given by incubating 
yeast cultures in a water bath maintained at a temperature of 45°C for 30 min. (B) UV exposure by 
exposing the cultures to UV-C light for 45 min; (C) cold shock was given by incubating the cultures 
at 4°C for 1 h. The experiments were repeated three times with similar results. (D) Activation of 
MAP kinase by heat treatment in C. roseus leaves. C. roseus plants were subjected to heat stress 
and leaves were harvested at indicated time intervals post-treatment. Protein extract (20 μg) from 
these samples were tested for kinase in in-gel kinase assay using Mylein Basic Protein (MBP) as 
artificial substrate polymerized in SDS 10% (w/v) polyacrylamide gel. Autoradiogram represents 
in-gel phosphorylation of MBP.
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Figure 3. Alignment of amino acid sequence of CrMPK3 (accession No: ABO84839.1) with SLT2 (accession No: CAA41954.1). Amino acids sequences of 
the conserved domains of MAPKs are marked with lines, roman numbers indicated conserved MAPK domains.




