Structure of the Xylanolytic transcriptional activator XInR:

Amino acid sequence alignment of the xylanolytic transcriptional activators from A.
niger and A. oryzae showed high sequence similarity with 77% sequence identity
(Supplementary Figure S1). The conserved functional domains of both AoXInR and AnXInRs
are shown at primary structure level in Supplementary Figure S1, whereas AoXInR is shown
at tertiary structure level in Supplementary Figure S2A. The modeled structure of AoXInR
resembles a ‘fisted’ right hand [1] with thumb, fingers and palm subdomains (Supplementary
Figure S2B-E). The finger subdomain is mainly formed by the putative DNA binding domain (in
the area of folded little finger), a C-terminal coiled-coil (in the area of folded ring finger) and
the inhibitory domain (covering the areas of folded middle and index fingers). The N-terminal
coiled-coil region and a beta sheet loop (highlighted in red in Supplementary Figure S2E) that
we believe to be involved in the structural rearrangement in the DNA binding process falls
under the palm region. The thumb subdomain covers the part of the protein that connects
the palm and the coiled regions of the fingers subdomain. The fisted structure of the AoXInR
resembles a ‘grasping hand’ to accommodate the promoter region of DNA during the binding
process with major conformational changes in the coiled-coil region loops of the palm
subdomain.

The consensus sequence of Cys-Xz-Cys-Xe-Cys-Xs-Cys-X2-Cys-Xs-Cys that represents the
putative DNA binding domain [2] can be found near the N-terminal region of AoXInR. The
presence of putative coiled-coil domain near the DNA-binding domain and a second coiled-
coil region at the C-terminal end of A. niger XInR (AnXInR) has been predicted previously [3].
The N-terminal amphipathic o-helix formed by the hydrophobic residues is the main
component of the N-terminal coiled-coil domain. In addition to two loss-of-function
mutations, the presence of an activation domain has been suggested at the C-terminal region
of AnXInR. The coiled-coil domain in the C-terminal has been identified to be involved in the
nuclear import of the protein and the downstream portion of the C-terminal coiled-coil
domain has been shown to be involved in transcriptional regulation [4]. Contrasting
observations by Hasper et al [4] in connection with the induction of xylanolytic genes and
xylanase activities by XInR mutants of A. niger led to the suggestion that the regulation
mechanism of XInR involves inter- or intramolecular interactions within the C-terminal
domain. It has also been showed that D-xylose acts both an inducing and repressing carbon
source for XInR-dependent expression of xylanolytic genes in A. niger [5, 6]. Another study by
Noguchi et al [7] showed that D-xylose-triggered reversible phosphorylation controls XInR
activity and further indicated that XInR might change its preferential recognition sequence
slightly depending on the inducer or metabolite. So, the intermolecular-intramolecular
interaction domain plays an important role in controlling the XInR regulatory relationships.



Structure of the Amylolytic transcriptional activator AmyR:

A. oryzae AmyR possess the functional domains homologous to A. nidulans AmyR
(AnAmyR). AoAmyR showed 72% overall amino acid sequence identity with AnAmyR
(Supplementary Figure S3). The four functional domains of AoAmyR are a cys-6 zinc cluster
DNA binding domain at the N-terminus (residues 25-66), a trans-activation domain (residues
155-217), an inhibitory domain (239-380) and two inducer responsive domains (residues 416-
493; residues 513-539). The zinc binuclear cluster DNA binding domain showed 100%
sequence identity, indicating that AmyRs in Aspergillus bind to identical DNA sequence motifs
[8]. Aleucine zipper-like heptad repeat motif [9, 10], Leu-X6-Leu-X6-Leu-X6-Leu (residues 351-
380), was found at the C-terminal end of the inhibitory domain. The transcriptional activation
of genes involved in plant polysaccharide degradation is regulated by the trans-activation
domain. The nuclear localization signal present in the N-terminal region and the co-ordinated
action of both inducer responsive domains regulates the localization of AmyR in nucleus and
cytoplasm [11].

A. oryzae AmyR (AoAmyR) is exclusively helical and contains twelve HEAT domains
arranged into continuous orthogonal arches (Supplementary Figure S4A). The right-handed
super-helix orthogonal arrangement of the arches colored according to the heat repeat
domains is shown in Supplementary Figure S4B. The HEAT domains generally consists of
repeats of two anti-parallel a-helices and two turns arranged about a common axis. HEAT
repeats are linked by flexible inter-unit loops [12]. The HEAT repeat domains viz., HD1, HD2,
HD3, HD5, HD6, HD7, HD9, HD11 and HD12 of the AoAmyR with two anti-parallel a-helices
resembles the organization of anti-parallel a-helices seen in Kap-f2 [13] and protein
phosphatase 2A [14]. The remaining HEAT repeat domains viz., HD4, HD8 and HD10 with more
than two a-helices resembles the armadillo repeats in Kap-a [15] and B-catenin where its 12
repeats form a superhelix of alpha helices with three helices per unit [16]. The a-helices (a1,
a2, a3....) and the inter-unit loops (L1, L2, L3....) present in each HEAT domain of AoAmyR are
shown in Supplementary Figure S5. The long loop L5 connects the helices of the HEAT domain
4 and spans both orthogonal arches of the protein structure (Supplementary Figure S4A). The
HEAT repeats with equivalent helices are parallel, with a2 helices towards the concave surface
of AcAmyR structure and al helices lining the convex side or form the spine of the orthogonal
arches. The presence of proline residues results to a bend in the middle of the helices in some
HEAT domains while part of the helices are replaced by small loops. The presence of the
bend/disordered helices and loops can also be seen in the proteins with HEAT domains and
armadillo repeats [12-15]. The helical repeats of AoAmyR provide several spatially distinct
binding sites for interactions with various ligands.



Structure of the Carbon catabolite repressor CreA:

An interesting feature of the modeled A. oryzae CreA (AoCreA) is that it resembles the
structure of the multidomain complement protein properdin. Properdin is known to exist in
different arrangements of dimer and trimer structures. Properdins are highly flexible,
elongated and narrow proteins with thrombospondin repeat domains [17]. Analysis of
AoCreA at amino acid sequence level indicated the presence of the classic C;H; Zinc finger
domains throughout the length, which further complicates our understanding on the
functional domains of CreA. As shown in Supplementary Figure S6, sequence analysis using
HMMER [18] and IMPALA [19] indicated that the N-terminal residues 72-128 forms the C;H;
Zinc finger domains that are relatively small protein motifs, which contain multiple finger-like
protrusions that make tandem contacts with their target molecule. Sequence analysis using
RPS-BLAST [20] showed that the region spanning the residues 43-311, as COG5048 Zinc finger
domain. The length of the AoCreA is 429 amino acid residues out of which the region spanning
316 residues is predicted as Zinc finger domain. The presence of a large region with zinc finger
gives the flexibility to the CreA protein structure and indicates the complexity of its regulation
mechanism, since zinc finger motifs are well known to fold in many occasions to mediate
independent intermolecular interactions between nucleic acids (DNA and RNA), proteins and
lipids [21-23]. CreA has been shown to be involved in the regulation of proline, ethanol, xylan
and arabinan utilization [24] but it also regulates the expression of the AmyR gene that
encodes the trasncriptional acticator for the amylase genes [8]. So the analysis of the
sequence and structural features of AoCreA will contribute to our understanding on the often
underestimated versatility of the CreA transcriptional regulation. Due to the poor knowledge
of the functional domains in AoCreA and limitations to simulate the dimer or trimer CreA
structures, in the current study we focused on analyzing the AoXInR and AoAmyR-metabolite
interactions.
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Supplementary Figure S1: The consensus domains of the xylanolytic transcriptional activators from A. niger and A. oryzae depicted on the primary sequence alignment.
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Supplementary Figure S2: The modeled 3D structure of the A. oryzae xylanolytic transcriptional activator
(AoXInR). The figure shows the structural resemblance of the A. oryzae xylanolytic transcriptional activator with
the right hand fist. (A) The conserved functional domains of AoXInR were highlighted on the ribbon structure in
different colors. (B) Solvent surface rendered structure of the modeled AoXInR colored according to the
secondary structure. Red represents alpha helix regions; Cyan represents beta strand regions; Green represents
coil regions. (C) A sketch of the right hand fist. (D) Ribbon representation of the AoXInR structure. The activation
domain and inhibitory domains are highlighted in magenta and green colors, respectively. The putative DNA
binding domain is shown in red. The N-terminal coiled-coil region is highlighted in violet blue, whereas the C-
terminal coiled-coil region is colored in purple. (E) The ribbon structure of AoXInR with the beta sheet loop shown
inred.
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Supplementary Figure S3: Functional domains of A. oryzae amylolytic transcriptional activator (AoAmyR). (A)
The consensus domains of AmyR proteins from A. niger and A. oryzae depicted on the primary sequence
alignment. Modeled 3D structure of AoAmyR shown in ribbon representation (B) and solvent surface
representation (C) with the functional domains highlighted in different colors. The trans-activation domain and
inhibitory domains are highlighted in magenta and violet blue colors respectively. The putative DNA binding
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Supplementary Figure S4: Structure of A. oryzae amylolytic transcriptional activator (AocAmyR). (A) The ribbon
structure representation of AoXInR with twelve HEAT domains highlighted in different colors. (B) Different

rotational screenshots of AoXInR representing the right-handed superhelix orthogonal arrangement of the
arches.
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Supplementary Figure S5: The a-helices (al, a2, a3....) and the inter-unit loops (L1, L2, L3....) present in each HEAT
repeat domain of AoAmyR. The HEAT repeat domains viz., HD1, HD2, HD3, HD5, HD6, HD7, HD9, HD11 and HD12 possess
of two anti-parallel a-helices. The HEAT repeat domains viz., HD4, HD8 and HD10 contain more than two a-helices. (A)
HEAT repeat domain 1. HD1 located at the N-terminal end contains two alpha helices viz., Nal and Na2 are connected
by loop L1. (B) HEAT repeat domain 2. HD2 contains two alpha helices connected by loop L2. (C) HEAT repeat domain
3. HD3 contains two alpha helices connected by loop L3. (D) HEAT repeat domain 4. HD4 comprises of four aplha helices.
al and a2 are connected by loop L4. A short stretch of sequence connects a2 and a3 helices. A hairpin loop L5 connects
the helices a3 and a4. (E) HEAT repeat domain 5. HD4 and HD5 are connected through loop L6, whereas the two a-
helices of HD5 are connected by a short stretch of protein sequence. (F) HEAT repeat domain 6. HD6 contains two alpha
helices connected by loop L7. (G) HEAT repeat domain 7. HD7 contains two alpha helices connected by loop L8. (H) HEAT
repeat domain 8. HD8 contains three alpha helices viz., al, a2 and a3. Loop L9 connects al and a2 helices of HDS,
whereas loop L10 connects a2 and a3 helices (I) HEAT repeat domain 9. The two a-helices of HD9 are connected by a
short stretch of protein sequence. (J) HEAT repeat domain 10. HD10 contains four alpha helices viz., al, a2, a3 and a4.
Helices al and a2 are connected by loop L11. Helices a2, a3 and a4 are interconnected by loops loops L12 and L13. (K)
HEAT repeat domain 11. HD11 contains two alpha helices connected by loop L14. (L) HEAT repeat domain 12. HD12
located at the C-terminal end contains two alpha helices connected by loop L15.
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Supplementary Figure S6: Zing finger domains that are spread along the protein sequence of A. oryzae Carbon
catabolite repressor (AoCreA).
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