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Abstract

Erianthus arundinaceus has a great potential in bioenergy production and green-house gas mitigation due to its biological
characteristic of huge biomass yield and stress tolerance. Our earlier transcriptome studies on a set of sugarcane genotypes
differing for lignin content, showed that Cinnamyl Alcohol Dehydrogenase (CAD), was differentially expressed and of plays
a major role in genetic regulation of lignin production, stem development and defense. This study aims to characterize the
CAD gene and its expression in BL 21 E. Coli strain. In this context, understanding the regulatory functions of CAD gene
would be more useful for achieving reduced lignin content and to have a cost-effective biomass conversion in sugarcane.
Using bioinformatic tools like ExPasy and Prosite, the sugarcane CAD was found to belong to the Class I with affinity
towards coniferyl aldehyde, sinapyl aldehyde with a predicted molecular weight of ~46kDa.
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Introduction

Second-generation ethanol (2GE) is produced by
depolymerization of the carbohydrates (cellulose
and hemicellulose) present in the plant cell wall
(de Souza et al. 2014). Plant biomass mostly
contains cellulose, hemicellulose, and lignin,
which can be converted to biofuels as a source
of renewable energy. Cell wall polymers have
received significant attention in recent years
because they are the major components in the
plant biomass that is under consideration as a
source of reduced carbon to partially replace
fossil fuels (Henry 2010). Grasses with C,
metabolism, such as Sugarcane, Erianthus,
Sorghum, Miscanthus, and Switch grass, are the
most efficient energy crops due to their perennial
growth habit, maximize carbon sequestration and
biomass accumulation (Hoang et al. 2015). Among
these bioenergy crops, Erianthus arundinaceus,
is considered the potential important genetic

resource for bioenergy because of its biological
characteristics of high fiber content, multiple pest
resistance and abiotic stress tolerance (Hu 2017).
Recently an increasing amount of research is
now focusing on its biomass characteristics and
conversion technologies towards biofuel. In-spite
of the significance of Erianthus for bioethanol
production, the current understanding about the
genetic information on biomass traits is limited.

Lignin is a phenolic biopolymer of complex
structure, synthesized by all plants. The
biosynthesis of lignin starts with the synthesis
of cinnamic acid from phenylalanine by
phenylalanine ammonia lyase (PAL) in the
cytosol (Lu et al. 2019). The building blocks
of lignin are p-coumaryl, coniferyl, and
sinapyl alcohols monomeric units, which later
undergo dehydrogenative polymerizations by
peroxidase (PER) and laccase (LAC) to form

p-hydroxyphenyl (H), guaiacyl (G) and syringyl
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(S) lignin, respectively (Chen and Dixon 2007).
The relative proportion of each lignin unit
varies with species, plant parts, and maturity.
Cinnamyl dehydrogenase  (CAD)
catalyzes the conversion of the corresponding
cinnamyl aldehydes to cinnamyl alcohols; this
is the ultimate step inside the synthesis of
monolignols before their polymerization and
deposition in secondary cell wall. Hence CAD
is a key player in phenylpropanoid biosynthesis
(Baucheretal. 1996), which has been characterized
in many plant species, including FEucalyptus

alcohol

gunnii (Hawkins and Boudet 1994); strawberry
(Blanco-Portales et al. 2002); tobacco (Halpin et
al. 1992), Aralia cordata (Hibino et al.1993) and
poplar (Van Doorsselaere et al. 1995). Based on
these reports the characteristic features of CAD
vary between gymnosperms and angiosperms.
Gymnosperm CAD is encoded by a single gene,
and are highly specific on coniferyl aldehyde, than
sinapyl aldehyde (O’malley et al. 1992; Galliano
et al. 1993), while angiosperm CAD has multiple
isoforms and have equal catalytic activity for both
coniferyl and sinapyl aldehydes (Brill et al. 1999).

Additionally, the CAD family can be generally
divided into three classes. All Class I CAD
members, and a bona fide CAD evolutionary
branch, are associated with lignin synthesis
(Zhang et al. 2006). Class II CADs, (sinapyl
alcohol dehydrogenase (SAD), are associated
with stress resistance. Class III CADs members
may be redundant to Class I and Class III CADs,
though their functions remain unclear (Yi et al.
2011). In this study we are particularly interested
in CAD gene involved in lignin biosynthesis in
Erianthus arundinaceus, as it can be grown on
marginal lands with limited or no resources for
the purpose of biofuel. In our previous study,
gene encoding CAD and the coding sequence
was isolated from Erianthus arundinaceus clone
IK 76-81, designated as EaCAD (Kasirajan et al.

153

2020). The nucleotide sequence and the genetic
information has been submitted in NCBI gene-
bank (MNS820707). In our present study, we
attempted to express this gene in bacteria (E.
Coli BL21) since the bacterial gadget is a
convenient choice for the initial expression
of genes.

Materials and Methods
Genetic material

In our previous study, (Kasirajan et al. 2020)
gene encoding CAD and the coding sequence was
isolated from Erianthus arundinaceus clone 1K
76-81, designated as EaCAD, which is being used
as the genetic material for this study.

Primer designing

The coding region of EaCAD gene fragment,
which is bound by a start codon (ATG) in the 5’
end and a stop codon (TAA) in the 3’, end was
amplified using gene specific primers

CADCDS Forward Primer:
5S’TTGAATTCATGGGGAGCCTGGCGTCC 3
and

CADCDS Reverse primer - 5° TGAAGCTT
TCAGTTGCTCGGCGCATC 3’

with EcoRI and HindI11 restriction sites to facilitate
directional cloning of EaCAD gene into pET-
28a. The amplified product was double-digested
with EcoRI/Hindlll and the resultant fragment
was cloned into the same sites of the pET-28a
vector (Novagen). The engineered plasmid
after confirmation of the presence of the insert,
designated as (pET28a::EaCAD) and transformed
into E. coli BL21 (DE3) cells (Novagen).
Among the transformed colonies, two colonies
were selected and grown in 5 ml of Luria
bertani (LB) broth containing 100 pg/ml of
kanamycin overnight at 37°C. An active culture
was raised by inoculating 1% of the overnight
grown colonies and grown at 200 rpm until an OD
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Figure 1 . (a) Plasmid DNA of vector pET 28a. (b) PCR amplification of CAD gene from plasmid DNA of
ptz57R::EaCAD. Lane, M-1kb DNA ladder, lane 1-4 Biological replicates of PCR amplification. (c) vector map of

pET28a showing the restriction site used for cloning.

of 0.5 at 37°C. Proteins were extracted and then
subjected to denaturing SDS-PAGE TRIS-glycine
gels (Novex, San Diego, CA). A Kaleidoscope
pre-stained standard (Bio-Rad) was used as a
molecular weight marker. The gels were stained
with Coomassie blue R250.

SDS PAGE Analysis

Isopropyl thio-B-galactoside (IPTG) is a molecular
mimic of allolactose which induces protein
expression, while in pET28a the gene CAD is
under the control of the lac operator. Prior to
isopropylthio-p-galactoside (IPTG) induction, 1
ml of un-triggered culture IPTG induced cultures
were incubated under continues shaking @ 200
rpm for 4 h at 28°C for the expression of COMT.
One ml of un-induced as well as induced cultures
of different colonies were centrifuged at 6000 rpm
for 15 min and the pellet was resuspended in 100
ul of SDS buffer and heated at 65°C for 5 min
and loaded on 15% SDS-PAGE. Electrophoretic
run was carried out for 2 h at 100 mA followed by

Coomassie brilliant blue staining and destaining.
The gel image was scanned for documentation.

Results and Discussion

Plasmid DNA was isolated from the vector

. i |
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Figure 2. SDS PAGE analysis of CAD proteins isolated
from E. coli BL21. Lane M- protein marker, lane
1,3,5,7 - crude proteins of transformed colony 1,2,3,4
of BL 21 cells containing the pET28a vector + CAD
gene induced with 1mM IPTG, lane 2,4,6,8 - crude
proteins of transformed colony 1,2,3,4 of BL 21 cells
containing the pET28a vector + CAD gene un induced.
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| Ligand binding site

Figure 3. The 3D structure of EaCAD protein showing
the ligand binding sites

ptS7R::EaCAD by alkaline lysis method and used
as the template for amplification of the coding
sequence of CAD with gene specific primers
and with high fidelity LA-TAQ Polymerase. The
expected size of the amplicon (~ 1100 bp) was
gel eluted according to the instructions of Qiagen
gel elution protocol. The eluted fragment was
confirmed through sequencing. Which proved
that the EaCAD cDNA is a 1.1kb fragment which
codes for 365-amino acids. The expression vector
pET28a and the eluted fragment (EaCAD) was
subjected to double digestion with EcoRI and
Hind11 for 4 hrs at 37°C, and ligated with T4ADNA
ligase in such that the open reading frame of the
CAD is unaltered (Fig. 1). The ligation mixture
was transformed into BL21 host for protein
expression. The SDS PAGE displayed the protein
expression pattern of transformed colonies (Fig.
2). A comparative domain analysis with protein
sequence of EaCAD and sorghum CAD family
members showed that the Erianthus CAD is
95% like SbCAD2. While EaCAD differed from
the other isoforms of CAD by position among
different CAD and PROSITE domains distribution
throughout the full-length protein sequences
sites. The three-dimensional structure of EaCAD
was predicted with RCSB PDB (http:/www.rcsb.
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org/pdb). It showed a medium chain alcohol
dehydrogenases catalytic domain with 195
residues in two fragments and a NAD(P) binding
rossmann domain with 157 residues. The results
showed two possible binding sites for Zn, which
is being highlighted in the 3D model as ligand
binding sites (Fig. 3).

Compared to the uninduced samples, induced
samples showed a thicker band on the molecular
weight of ~46kDa range which was exactly like
the predicted molecular weight obtained from
the bioinformatics studies. EaCAD 1is similar,
to the results reported by (Ma 2010), in which
a ¢cDNA encoding a CAD was isolated from
wheat, designated as TaCADI1. TaCAD1 was
expressed in E. coli as a His-tagged protein with
a relative molecular mass of about 42.5 kDa.
TaCADI1 protein was composed of the catalytic
and nucleotide-binding domains, and highly
expressed in stem, during later maturation stage.
Genome-wide analyses of Arabidopsis, rice, and
sorghum showed that CAD-like genes exist in
multiple isoforms, and the genetic information
on bona fide CAD enzymes involved in lignin
biosynthesis are limited. In gymnosperms there
is one CAD enzyme (O’malley et al. 1992), while
there are two or three CAD isoforms in each dicot
species. For example, in Arabidopsis CAD codes
for three isoforms (AtCADS, AtCAD4, and
AtCAD1) among which AtCADI play a pivotal
role in lignin biosynthesis (Sibout et al. 2005).
Recent study of Oryza gh2 gene showed that
gh2 protein had strong CAD and SAD activities
(Zhang et al. 2006), which demonstrated that the
same CAD gene products in angiosperm plants
can synthesize both coniferyl and sinapyl alcohol.
While gymnosperm CAD is highly specific for
the degradation of coniferyl aldehyde due to
the existence of SAD, which have been proved
specifically to participate in the degradation of
sinapaldehyde and can hardly be detected in
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other angiosperm plants such as Arabidopsis and
Oryza (Li et al. 2001). The fact that gymnosperm
plants contain mainly G monomers whereas
angiosperm plants consist of G and S monomers
may be a consequence of this distinction (Baucher
et al. 1996), but more specific reasons are
underexplored. Our results of EaCAD is similar,
to that of other CAD genes from angiosperms and
hence the protein sequence of CAD from Erianthus
might be useful for subsequent research on lignin
modification for improved biomass conversion.

Conclusion

Cinnamyl alcohol dehydrogenase (CAD) catalysis
the reduction of hydroxyl cinnamaldehydes to
the cinnamyl alcohols, prior to their transport and
polymerization in the cell wall. Suppression of
a single lignin-related CAD gene could result
in substantial changes in lignin composition,
such as changes in the S:G-ratio and also it has
been identified that it activates compensatory
mechanism in the fibre cell wall (Sibout et al.
2003). The Loss of function or down-regulation
of CAD generally leads to reduction of lignin
content with no much loss of mechanical
strength, hence, the CAD gene cloned, and the
expression characterized in this study can be
utilized for gene silencing which affects lignin
biosynthesis and cell wall chemical composition
as well as towards product diversification
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