
Table 1: Result of the Ramachandran plot analysis of PKSs selected for the comparative structural study along with the
ZoPKS. The distribution of more than 90% of amino acid residues at the most favourable region is an indication of the
stereochemical quality of the model taken for the structural analysis.

Table 2: RMSD values of amino acid residues at the substrate binding pockets of  PKSs selected for the  comparative
structural study. The value was measured based on the structure of CHS from M. sativa. The  amino acid residues contributing
to the substrate binding pocket is given along with the RMSD values of the Cα atoms in brackets. The values indicate the
remarkable variation at amino acid residues leading to distinct biochemical function.



Figure 1: The 1173 bp complete ORF of ZoPKS with the predicted amino acid sequences. The start and stop codon are
given in yellow shade. The stretches of conserved residues G(368)VL FGFGPGLT(378) considered as the signature se-
quence of PKS superfamily are shown in italic underlined. The amino acid residues forming the catalytic region of PKS like
the Cys 164, Phe 215, His 303 and Asn 336 are shown in circles.

Figure 2: Phylogenetic analysis of ZoPKS with other members of PKS superfamily. The analysis was carried out using the
NJ method implemented in MEGA 3. The bootstrap values were set as 1000 replicates. The ZoPKS identified in the study is
shown by arrows and it forms a cluster with members of the non-chalcone forming PKSs. The result is an indication of the
distinct biochemical function of ZoPKS other than typical chalcone forming. Abbreviations: CHS -chalcone synthase; SS-
stilbene synthase; 2-PS - 2-pyrone synthase; ACS - acridone synthase; AS – Aleosine synthase; BBS - bibenzyl synthase;
CTAS - 4-coumaroyltriacetic acid synthase; BAS - benzalacetone synthase; VPS – valerophenone synthase; PKS- polyketide
synthase; RES – resveratrol synthase; BPS – benzophenone synthase; PCS- pentaketide chromane synthase; OCS-octaketide
chromane synthase; RppA - red-brown pigment producing enzyme and FABH - b-ketoacyl carrier protein synthase III (out
group).The accession numbers of the sequences used for the analysis are as follows; AY823626, AY567707, AF112084,
DQ124938, NM_121396, AF007097, Z67988, D26593, AF112085, AJ006780, AJ850132, M96793, Z38097, X58339, AB047593,
AB011468, AF352395, AB001826, AB037389,AF169798, L02901, X89859, X14593, X79903, X06411, AJ004800, X63335,
AB022683, AB022682,AB022685, AF326911, AY517486, AF144530, AJ297786, X16437, AY069951, AY286098,
AF020709,EF192465, AB018074, AY727928, AY973271, AY739910, AY728477, DQ486012.



Figure 3a and 3b: 3a - SDS-PAGE showing the inducible expression of recombinant ZoPKS in the BL21(DE3) strain of E.

coli. The ZoPKS was cloned at the NdeI and BamHI site of pET32b and was used expression vector. Lane 1 -  prestained
protein marker (NEB), Lane 2 - bacterial control, Lane 3 - vector control, Lane 4 - uninduced sample, Lanes 5, 6, 7 and 8 are
IPTG induced expression of recombinant ZoPKS at 1 hour, 2 hour, 3 hour and 4 hour time interval. The arrow indicates the
expression of recombinant ZoPKS.
3b - Western blot analysis of recombinant ZoPKS using the anti-His antibody. Lanes 1 - recombinant ZoPKS after IPTG
induction. Lane 2 - uninduced sample and Lane 3 - prestained protein marker (NEB). The arrow indicates the position of
recombinant ZoPKS.

Figure 5: Superimposition of modeled structure of ZoPKS with the templates.  The chalcone synthase from Medicago

sativa (PDB id - Ibi5) and 2-Pyrone synthase from Gerebra hybrida (PDB id –1qlv) were used as templates for the
modeling. The green colour represents the ZoPKS, the blue the 2-PS and the red the CHS. The RMSD value analysis of
ZoPKS shows values of 0.5 Å and 0.8 Å respectively towards the 2-PS and CHS.



Figure 4: Multiple sequence alignment of sequences selected for the comparative structural analysis along with ZoPKS. The
alignment was carried out using CLUSTAL W programme. The amino acid residues forming the catalytic region (Cys 164,
Phe 215, His 303 and Asn 336)  are represented as stars (*) and the amino acid residues forming the substrate binding pocket
(Ser133, Glu192, Thr194, Thr197 and Ser338) are shown in boxes. The numbering of residues is based on the CHS from
Medicago sativa. Abbreviations; MsCHS - Medicago sativa chalcone synthase; ZoPKS - Zingiber officinale polyketide
synthase; WtPKS - Wachendorfia thyrsiflora polyketide synthase; HlVPS - Humulus lupulus valerophenone synthase;
VvSS - Vitis vinifera stilbene synthase; AaOKS - Aloe arborescens octaketide chromane synthase; OsCHS - Oryza sativa

chalcone synthase; IgCHS - Iris germanica chalcone synthase; Gh2-PS - Gerbera hybriba- 2-pyrone synthase; DnCHS -
Dendrobium nobile chalcone synthase; AtCHS - Arabidopsis thaliana chalcone synthase; RpBAS - Rheum palmatum

benzalacetone synthase; HmCTAS - Hydrangea macrophylla 4-coumaroyltriacetic acid synthase; AaPCS - Aloe arborescens

pentaketide synthase and RgACS  - Ruta graveolens- acridone synthase.



Figure 6:  Comparative structural analysis of amino acid residues forming the substrate binding pocket of ZoPKS with other
PKSs. The substitution of amino acid residues at the substrate binding pocket was believed to have mechanistic effects on the
substrate selectivity. The figures 1- 15 represents Ruta graveolens- acridone synthase, Aloe arborescens octaketide chromane
synthase, Aloe arborescens pentaketide synthase, Arabidopsis thaliana chalcone synthase, Gerbera hybriba- 2-pyrone
synthase, Humulus lupulus valerophenone synthase, Hydrangea macrophylla 4-coumaroyltriacetic acid synthase, Iris

germanica chalcone synthase, Oryza sativa chalcone synthase, Rheum palmatum benzalacetone synthase, Vitis vinifera

stilbene synthase, Wachendorfia thyrsiflora polyketide synthase, Zingiber officinale polyketide synthase (ZoPKS), Medicago

sativa chalcone synthase and Dendrobium nobile chalcone synthase respectively.


