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Abstract approved:_____________________________________________________ 
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Yes-associated protein (YAP) in mammals and Yorkie (Yki) in Drosophila are 

functionally homologous proteins that partner with transcription factors to promote 

cell proliferation. The Drosophila protein Mask and its mammalian homolog MASK1 

are examples of transcription factors that are essential for Yki/ YAP to drive 

transcription of target genes. Increased Mask activity increases Yki expression; 

overexpression of Yki is associated with cancer and tumor formation. Yki is reported 

to bind three domains of Mask in Drosophila S2 cells, but it is not clear exactly 

where Mask binds Yki. In this in vitro study, we overexpressed, purified and 

characterized the solution properties of Yki, and two of the three putative binding 

domains of Mask. Using chemical crosslinking, native gel shift assay, and pull-down 

assay experiments, we did not detect binding between our recombinant Yki and the 

two recombinant Mask domains. Future directions will focus on interactions between 

Yki, and the third putative binding domain of Mask. 
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Biophysical Characterization of the Yorkie-Mask complex 

 
Introduction 

Hippo Signaling Pathway 

The Hippo signaling pathway is crucial to organ size control and tumor 

formation. It is an evolutionarily conserved developmental pathway that targets and 

modulates the subcellular localization of the transcriptional co-activator proteins, 

Yes-associated protein (YAP in humans) and Yorkie (Yki in Drosophila) (Pan, 

2010). High cellular density stimulates the Hippo signaling pathway; and 

dysregulation of the pathway often leads to tissue overgrowth, cancers and other solid 

tumors (Pan, 2010).  

The core of the Hippo signaling pathway in Drosophila consists of two 

kinases Hippo (Hpo), and Warts (Wts), and two adaptor proteins Salvador (Sav), and 

Mob as tumor suppressor (Mats). Hpo and the adaptor protein Sav phosphorylate and 

activate the complex formed by Wts and Mats (Liu et al., 2012). Activated Wts 

phosphorylates Yki on multiple serines (Zhao et al., 2010), promoting its cytoplasmic 

retention and ultimate degradation. A similar phosphorylation cascade is observed in 

mammals: the macrophage stimulating proteins 1/ 2 (Mst1/2), phosphorylate Salvador 

homolog 1 (Sav1), which in turn phosphorylates and activates the complex formed 

between large tumor suppressor homolog 1/2 (Lats1/2) and MPS-one binder (Mob1). 

Activated Lats1/2 phosphorylates YAP and promotes its cytoplasmic retention (Zhao 

et al, 2010).  

In the absence of hippo signaling, unphosphorylated Yki/YAP translocate into 

the nucleus where together with transcription factors and cofactors it mediates the 
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transcription of genes involved in tissue growth and cell proliferation (Wang et al., 

2008). Scalloped (Sd) and Mask are examples of Drosophila transcription 

factors/cofactors that associate with Yki to promote tissue growth (Figure 1).  

 

 

 

Yorkie/ Yes-associated protein (Yki/YAP) 

Yki and YAP are highly conserved both functionally and structurally. YAP 

overexpression is associated with many types of cancer, and increased YAP activity 

is typically associated with poor prognosis and patient survival in cancer cases (Pan, 

Figure 2. Enlargement of mammalian liver as a result of YAP overexpression. A normal 
mouse liver on the left, and enlarged mouse liver on the right resulting from YAP 
(mammalian homolog of Yki) overexpression (Pan, 2010). 

Tissue growth 

Figure 1. A schematic of the Drosophila Hippo signaling pathway. The core components 
Hpo, Wts, Mats, and Wts work together in a phorphorylation cascade to phosphorylate and 
inactivate cytoplasmic Yki. Unpohosphorylated Yki translocates into the nuclear to effect 
tissue growth (Adapted from Chen et al., 2013). 

 Mask	
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2010). Loss of hippo signaling in Drosophila or Yki overexpression also results in 

increased nuclear Yki activity that leads tissue overgrowth. In a normal tissue, 

increased nuclear Yki activity, which increases the expression of genes associated 

with cell proliferation is counter-balanced by an increase of upstream Hippo pathway 

regulators (Pan, 2010). 

Yki is a 395-residue protein with 31% sequence identity to its human 

homologue, YAP. The most conserved regions are within an amino terminal 

transcription enhancer activator binding (TBD) region (56%) which associates with 

the transcription enhancer family (TEF) of transcription factors (Goulev et al., 2008), 

and two C-terminal WW domains with > 60 % sequence conservation (Zhao et al., 

2010) (Figure 3). WW domains recognize proline-rich sequences, which in Yki/YAP 

are of the type PPxY (Chen et al., 1997). The region between the TBD and the WW 

domains contains several serines that are phosphorylated by Wts.  

 

 

 

 

 

 

Yki is unable to bind DNA directly, but instead partners with DNA-binding 

transcription factors in the nucleus to promote cell growth. An example is Scalloped 

(Sd), a DNA-binding transcription factor in Drosophila that regulates transcription in 

specific tissues and at different developmental stages (Campbell et al., 1992). The 

Yki-Sd complex is mediated by the N-terminal TBD region of Yki, and the C-

Figure 3. Drosophila Yki Protein Domain organization. The N-terminal region contains a 
transcription factor binding domain (TBD) where the transcription factor Scalloped binds. The 
C-terminal region includes two WW domains which bind PPxY sequences.  

1 395 130 232 

N-terminus C-terminus TBD 
region 

WW 
Domain 

WW 
Domain 
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terminal region of Sd (Goulev et al., 2008). Sd also associates with Yki in the 

cytoplasm to promote the nuclear translocation of Yki. The mammalian homolog of 

Sd is represented by four TEF family transcription factors, TEAD I-IV (Pan, 2010). 

TEAD transcription factors associate with YAP and mediate YAP-promoted cell 

growth. In addition to the transcription factors, certain co-factors are required by 

Yki/YAP for transcription activation. 

Multiple ankyrin repeats single KH domain (Mask) 

Drosophila Mask is homologous to mammalian MASK1 and MASK2; High 

levels of MASK1 expression in humans are associated with breast cancer, as well as 

acute leukemia, and cell proliferation in multiple myeloma cells (Sansores-Garcia et 

al., 2103). MASK2 is associated with cell differentiation in embryogenesis (Sansores-

Garcia et al., 2013). In Drosophila, Mask function is observed in organ size, 

particularly eye and wing size (Figure 4).  

 

Mask is essential for Yki to stimulate transcription of target genes and tissue 

growth. Mask is not essential for nuclear translocation of Yki, but is required for Yki 

to normally activate transcription of its target genes (Sidor et al., 2013). Mask is a 

Figure 4. Effect of Mask null mutation on Drosophila eye growth. (A) Normal eye growth in 
wild type Drosophila. (B) Mutant Mask protein with a null mutation for eye and wing 
undergrowth produces Drosophila with much smaller eyes and poorly developed wings (Sidor 
et al, 2013). 

B
 

A 
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4001 residue protein that consists of one K-Homology (KH) domain and two Ankyrin 

domains, Ank1 and Ank2 (Figure 5). Ankyrin repeats are known to facilitate protein-

protein interactions, and KH domains can facilitate protein-nucleic acid interactions 

(Sansores-Garcia et al., 2013). Ank2 and KH domains of Mask both together and 

separately are thought to complex with Yki, and Mask, Yki and Sd can form a ternary 

complex in the nucleus (Sidor et al., 2013). 

 

 

 

 

 

 

Research Goals 

 The Nyarko lab is interested in understanding the structural basis of Yki 

regulation. The focus in this study is on the Yki-Mask interaction. Yki is reported to 

bind strongly to the Ank2 and KH domains of Mask, and weakly to the Ank1 domain 

(Sansores-Garcia et al., 2013); however it is not clear where Mask binds Yki. The N-

terminal region of Yki (residues 1-130) includes a transcription enhancer activator 

binding domain (residues 57-114), which is the site of interaction for transcription 

factors such as Scalloped (Sd). C-terminal residues 232-352 include two WW 

domains, which recognize the proline-rich PPxY motif. Sd forms a ternary complex 

with Mask and Yki, invalidating the Sd binding segment on Yki as a potential binding 

region.  The PPxY proline-rich motif is absent from the Mask amino acid sequence, 

ruling out the WW domain as the site of interaction. We hypothesize that the Mask 

N-terminus C-terminus 

1 4001 

Ank2 KH Ank1 

3032-31062312-2645616-1005

Figure 5. Drosophila Mask protein domain organization. Mask contains 4001 amino acids 
with two Ankyrin domains (Ank1, and Ank2) and one K-homology (KH) domain in the C 
terminus. Ankyrin repeats mediate protein-protein interactions, while KH domains mediate 
nucleic acid-protein interactions. 
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binding region is within Yki N-terminal residues 128-232. We will overexpress 

constructs of the three Mask domains, Ank1, Ank2, and KH, and two constructs of 

Yki that include residues 1-130 and 128-232. We will test our hypothesis using three 

different methods for detecting and mapping binding sites: chemical crosslinking, 

native gel shift assay, and pull-down assay. 
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Methods 
 
Protein Production 

This protocol was used to produce His-tagged Mask Ank1, Mask KH, Yki 1-

130, and Yki 128-232. A starter culture of 5 mL luria broth (LB), 100 µg/ml 

ampicillin, and 5-8 colonies from an agar plate of recombinant bacteria cells was 

incubated with shaking at 37° C for 6 hours.  The culture was then spun down at 2500 

rpm for 10 minutes. The pellet was re-suspended in 1 ml fresh LB, and used to 

inoculate 1 L of autoclaved LB containing 100 µg/mL ampicillin.  

The culture was incubated with shaking at 37° C; during this time, cell growth 

was monitored by taking the optical density (OD) reading at 600 nm. When the 

reading was ~0.6, 0.1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) was added 

to induce recombinant protein expression.  The culture was incubated at 18 °C for 12 

hours. The cell culture was centrifuged at 4000 rpm for 20 minutes. The pellet was re-

suspended in lysis buffer (20 mM sodium phosphate buffer, pH 8.0 with 0.5 M NaCl, 

5% glycerol, 10 mM imidazole, 1 mM PMSF and 1 mM NaN3) and sonicated for 3 

minutes in order to lyse the cells. The lysate was centrifuged at 15000 rpm for 30 

minutes, at which point the supernatant was transferred into a clean tube for further 

purification.  

The supernatant was loaded on a Ni-NTA affinity column. This was followed 

by 4 wash steps with affinity column buffer (20 mM sodium phosphate buffer, 0.5 M 

NaCl, 10% glycerol, 10 mM imidazole, 1 mM NaN3), affinity column buffer and 20 

mM imidazole, affinity column buffer and 50 mM imidazole, and affinity column 
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buffer and 350 mM imidazole. Each fraction was collected separately, and an SDS 

gel was run to check the purity of each fraction.  

Protein concentrations were determined by measuring their absorbance at 280 

nm. Using Beer’s Law, the concentrations for each protein was computed from the 

relation A280= εcl, where A is the absorbance, ε is the extinction coefficient, and l is 

the path length of the light. 

Circular Dichroism spectroscopy: 

Circular dichroism is the unequal absorption of right-handed and left-handed 

circularly polarized light. After the scan is taken, the representative graph displays the 

scattering of light based on the proteins molecular structure (secondary structure). A 

trend line displayed with two concavities, one at ~222 nm and one at ~208 nm, is 

indicative of alpha helices. A single concavity at ~215-218 nm represents an 

antiparallel beta pleated sheet. A single concavity at < 200 nm represents a disordered 

protein (Figure 6).  

Proteins for CD analyses were dialyzed for 12 hours in buffer composed of 10 

mM sodium phosphate buffer, 10 mM NaCl with or without 2 mM TCEP. CD data 

were collected on a Jasco 715 spectropolarimeter, using protein concentrations of 5 

µM, and a 0.1 cm cuvette. The spectrum was collected in the wavelength range of 

190-260 nm. 5 scans were taken and averaged for each protein. 
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Methods to Determine Binding 

Chemical Crosslinking: 

 

Chemical crosslinking was utilized to covalently link Yki and Mask in a 

captured position that would otherwise be momentary without a crosslinking reagent. 

Crosslinking reagents target four functional groups on proteins: carbonyls, 

sulfhydryls, carboxyls, and primary amines. The primary amine group exists at the N-

Figure 6. Representative plot of CD detected secondary structures of proteins.  Lines 1-5 represent 
the expected trend for a protein in order to yield the secondary structure characteristics listed in the 
legend (Greenfield, 2006). 

11.4 Å Arm 
          H 
 
R          N 
   
          H 

     H 
 

N          R 
   
     H 

Figure 7. Schematic of BS3 crosslinking. Each end of BS3 a reactive sulfo-NHS ester that is 
reactive with amino groups. The N-terminus, or other primary amine group, of protein 1 and 2 
react rapidly with the BS3 reactive groups when very close together (11.4 Å). (Adapted from 
https://www.thermofisher.com/order/catalog/product/21580). 

Protein 1 BS3 Protein 2 
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terminus of each protein chain as well as the side chain of Lysine, and was the target 

of our reactive crosslinker, BS3. BS3 is a water-soluble crosslinker that forms stable 

amide bonds with the primary amines present in the polypeptide chain of the target 

proteins (Figure 7). For a complex to be detected, the proteins must be closer than 

11.4 Å, since BS3 has a spacer arm of 11.4 Å.  

15 µM Mask KH or Mask Ank1 were cross-linked with 15 µM each of Yki 

constructs, Yki 1-130 and 128-232 using crosslinker BS3.  Control reactions of 

individual proteins (without BS3) were also setup. The protein-BS3 mixtures were 

incubated at room temperature for one hour, and an SDS gel was run to assess cross-

linked complexes. 

2. Native Gel shift Assay 

Native gels provide sensitive analysis of native proteins and protein 

complexes. The proteins migrate on the gel based on charge; a lower isoelectric point 

(pI) results in further migration. When two proteins interact, they form a complex 

with a pI which is different from the pI of the individual proteins. A difference in 

migration pattern between individual proteins and a mixture of the proteins is an 

indication that the two proteins interact.  Native gels were prepared to detect possible 

complex formation between the two constructs of Yki , Yki 1-130, and Yki 128-232, 

with either Mask KH or Mask Ank1. The proteins were loaded onto the gel both 

separately and together. The finished gel displayed the migration pattern of the 

protein alone (Yki or Mask), as well as the migration pattern when coupled with a 

second protein. When the migrated bands look the same in a lane with a single protein 

and in a lane with both proteins, a complex did not form between the two proteins. If 
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new bands appear on the gel in the lane with both proteins, then a complex has 

formed between a construct of Yki and a domain of Mask. The gels were prepared 

according to the method of Laemmli (Laemmli, 1970), but without 10% SDS. 

 

3. Pull-down Assay  

 

The pull-down experiment was utilized to determine a physical interaction 

between Yki and Mask. In a pull-down assay experiment, a protein is tagged and 

captured in an immobilized state specific for the tag. Other proteins can then be added 

to bind with the tagged protein to determine interactions (Figure 8). We used either 

=Affinity	Ligand	(Glutathione	or	
Imidazole)	
=Fusion	tag	(GST	or	His)	

Figure 8. Schematic of pull-down experiment in protein-protein interactions. A GST or His 
tagged protein is captured by glutathione or Nickel coated agarose beads. The captured tagged 
protein acts as bait for the binding partner. After proper binding and washing technique, the 
complex is eluted using certain buffers. Interacting proteins can be detected by SDS-PAGE 
(https://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-
learning-center/protein-biology-resource-library/pierce-protein-methods/pull-down-assays.html) 
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His (Histidine)-tagged (Yki 1-130, 128-232) or GST (Glutathione- S- transferase)-

tagged (Yki 1-395) Yki as the bait protein for interaction. The two smaller constructs 

of Yki were utilized because we hypothesized that Mask binds Yki in the N-terminal 

region.  

20 µl of talon (Takara Bio USA Inc) resin (for His-tagged proteins) or 

Glutathione sepharose 4B (GE healthcare life sciences) resin (for GST-tagged 

proteins) was added to separate spin columns. 100 µl (~20-30 µM) of His-tagged 

protein (Yki1-130 or Yki 128-232), GST-tagged protein (Yki 1-395), or untagged 

protein (Mask KH, Ank1, or Ank2) were then added to the resins in the spin columns. 

The untagged proteins are used here as controls to determine whether without a tag, 

the proteins can still bind the resins. The samples were incubated at room temperature 

for 30 minutes, and centrifuged for 5 minutes. 500 µl of Phosphate-buffered saline 

(137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH 7.3) was added 

to each spin column, and the sample was centrifuged to remove proteins that did not 

bind the resin. 100 µl (~50-80 µM) of the untagged protein (Mask KH, Ank1, or 

Ank2) was added to spin columns containing His Yki 1-130, 128-232, or GST full 

length Yki.  The sample was incubated again at room temperature for 30 minutes and 

centrifuged. The sample was washed three times with PBS buffer. After each wash 

step, the spin columns were centrifuged at 13000 rpm to remove unbound proteins. 

After the third wash step, each spin column was transferred to a clean micro-

centrifuge tube, and 20 µl of elution buffer was added to the column. We used 20 mM 

sodium phosphate buffer, pH 8.0 with 350 mM imidazole for the His-tagged Yki, and 

10 mM reduced glutathione in 50 mM Tris buffer, pH 8.0 for the GST-tagged protein 
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as the elution buffer. The sample was centrifuged and the flow through was saved. 

The flow through sample was used to run an SDS gel to assess physical interaction. 
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Results and Discussion 
 
Protein Production 

Ank1, KH, Yki 1-130, Yki 128-232, and GST-Yki were expressed and 

purified using affinity column and size exclusion purification techniques. Figure 9A 

is a coomassie-stained SDS-polyacrylamide gel (PAGE) showing fractions from 

affinity column purification of Mask KH. The protein migrates as a distinct band 

(between the 10 and 15 kDa bands of the protein marker) and is detected in all 

imidazole-containing fractions. Ank1, Yki 1-130, and Yki 128-232 after size-

exclusion chromatography (SEC) purifications are also shown in Figure 9B-D. All the 

proteins were purified to > 90 % purity. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Affinity column purification of Mask-KH and SDS Gel of Purified Proteins.  (A) 15% 
SDS gel from affinity column purification of Mask KH.  Fractions from washes with affinity 
column buffer (ACB) containing 20 mM, 50 mM, or 350 mM imidazole were combined and 
purified further on a size exclusion column (SEC). SDS gels after SEC purification of (B) Ank1, 
(C) Yki 1-130, and (D) Yki 128-232. A protein ladder composed of mixtures of proteins with 
known molecular weights is shown on each gel. KH migrates between 10 and 15 kDa. Ank1 
migrates close to 45 kDa. Yki 1-130, and Yki 128-232 migrate close to 15 kDa. The protein of 
interest is shown with an arrow 

15 kDa 

10 kDa 

43 kDa 

15 kDa 15 kDa 

B C D A 
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Secondary structure analysis 

The circular dichroism (CD) spectra for Yki 1-130, Yki 128-232, Ank1, and 

KH are shown in Figure 10.  The spectra of Yki 1-130 and Yki 128-232 show 

minimum CD signals at < 200 indicating high degree of disorder. This is in agreement 

with sequence-based predictions. Mask Ank1 and KH are predicted to form alpha 

helices in solution.  Ank1 and KH contain large negative ellipticities at 208 nm and 

222 nm that are consistent with their predicted helical structures.  

 

 Yki and Mask show no observable complex formation upon crosslinking 

To determine complex formation between Yki and Mask KH and Ank1, we 

used smaller constructs of Yki (residues 1-130 or 128-232), which contain sequences 

Figure 10. CD spectra of proteins used in this study. Far UV CD spectra of (A) Yki 1-130 (B) Yki 128-
232, (C) Mask KH, and (D) Mask Ank1. Yki 1-130 and 128-232 are predominantly disordered proteins. 
Mask KH and Ank1 are helical proteins. CD data were recorded at 25 oC in buffer composed of 10 mM 
sodium phosphate, 10 mM NACl, pH 7.5 
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hypothesized to interact with the Mask domains. Coomassie-stained SDS-PAGE are 

shown for Yki 1-130 and Mask KH (Figure 11A), Yki 128-232 and KH (Figure 11B), 

and Yki 128-232 and Ank1 (Figure 11C). Yki 1-130 and 128-232 (bands with arrows) 

were not stable at these experimental conditions and part of the proteins degraded into 

smaller fragments. The absence of a new higher molecular weight band in lanes 

containing crosslinked Yki fragments and Mask KH domains (lane 5 of gels A and B) 

is indication that the two proteins do not form a complex under these experimental 

conditions. The results for the Yki 128-232 - Ank1 interaction was not conclusive 

since Ank1 by itself crosslinks to form a higher molecular weight compound that 

does not migrate into the gel (C, lane 4).  

 

 

 

 

 

 

 

 

 

 

Yki and Mask show no observable interaction on native gels 

We used native gel electrophoresis to monitor binding between the Yki 

constructs and Mask KH and Ank1 domains. Since the migration of a protein under 

native conditions is based primarily on its charge and not on size as in denaturing 

gels, complex formation is based on the appearance of a new band that is absent in 

Figure 11.  Crosslinking results between Yki and Mask. (A) Yki 1-130 and Mask KH  (B) Yki 128-
232 and KH, and (C) Yki 128-232 and Ank1 were incubated with BS3 (lane 5 of each gel) and 
resolved by 15 % SDS-PAGE. Untreated Yki constructs or Mask domains are shown in lanes 1 and 3 
respectively. Crosslinked Yki constructs or Mask domains are shown in lanes 2 and 4. The absence of 
a new band in lane 5, compared to lanes 1-4, is an indication that the proteins do not form a complex 
under these conditions.  
 

Yki 
Mask 
Crosslinker 

  130    130      -       -      130 
    -         -      KH   KH   KH 
    -         +       -       +       + 

  232    232      -       -      232 
    -         -      KH   KH   KH 
    -         +       -       +       + 

  232    232      -       -      232 
    -         -       A1    A1    A1 
    -         +       -       +       + 

A B C 
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the lanes corresponding to the individual proteins, or the absence of the band 

corresponding to one or both individual proteins. The native gel was prepared and run 

at a pH of 8.3 – 8.8.  

Proteins with a pI higher than 8 are not expected to migrate under these 

conditions. Yki 128-232 and Mask KH have pI values of 9.1 and 9.9 respectively, and 

do not migrate into their respective gels (lanes 2 of Figure 14 B and C). Yki 1-130, pI 

6.2 migrates and is shown in Lanes 1 of Figure 14 A and C. Similarly, Ank1 with a pI 

of 5.4 migrates and is shown in lane 2 (Figure 14 A), and lane 1 (Figure 14 B). The 

Mask domains were added at increasing concentrations (lanes 3 -10) to either Yki 1-

130 or Yki 128 -232. In each native gel, the bands formed by Mask (at increasing 

concentrations) and Yki migrates at the same rate as either the Yki construct alone, or 

the Mask domain alone. No new band is detected. This is an indication that these 

regions of the proteins do not form a complex under these experimental conditions. 
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Yki and Mask show no observable physical interaction from pull-down 

experiment 

Pull-down assay, a technique that does not depend on distances (as in 

chemical crosslinking) or the charge of a protein (native gels) was used to determine 

whether Yki forms a complex with the Mask domains KH, Ank1, and Ank2. 

Experiments using His-tagged Yki residues 1-130 and 128-232 did not show any 

binding between the two proteins (data not shown).  

 Full length GST-tagged Yki was combined with Mask KH, Ank1, and Ank2 

in a pull-down experiment (Figure 13A).  GST protein was also combined with Mask 

KH, Ank1, and Ank2 to ensure any physical interaction was not a result of 

interactions with GST or resin alone (Figure 13 B).  

The same migrated bands at 27 kDa, which correspond to pure GST, appear in 

lanes 8, 10, and 11. No bands for Mask KH, Ank1, or Ank2 were detected. This 

Yki 
Mask 

130     -   130   130   130  130   130   130  130   130 
 -       A1   A1    A1    A1    A1    A1    A1   A1    A1 
 

        232  232  232   232  232    232   232   232 232 
 A1     -     A1   A1    A1    A1    A1    A1    A1   A1  
 

B A 

C 

Figure 12. Native gel shift assay of the Yki-
Mask interaction. Each native gel consists of 
each individual protein, followed by increasing 
concentrations of Mask KH (KH) or Ank1 
(A1) domain with a constant Yki 1-130 (130) 
or 128-232 (232) concentration. (A) Yki 1-128 
and Ank1. (B) Yki 128-232 and Ank1(C) Yki 
1-130 and KH. 

Yki 
Mask 
 

130    -    130  130  130  130   130   130  130    130 
 -     KH  KH   KH   KH   KH   KH   KH   KH   KH  
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observation confirmed that GST does not physically interact with Mask KH, Ank1, or 

Ank2 (Figure 13 B). GST-Yki  in lane 1 (Figure 13A) migrates at ~70 kDa. Mask 

domains KH, Ank1 and Ank2 are in lanes 2, 3, and 4, respectively. The bands formed 

in lanes 5, 6, and 7 correspond to only the band pattern observed for pure GST-Yki, 

though these lanes were also incubated with Mask Ank1, Ank2, and KH, respectively. 

Without bands corresponding to Ank1, Ank2, and KH, these results indicate there is 

no physical interaction between GST-Yki and Mask KH, Ank1, or Ank2. In lanes 12, 

13, and 14 Ank1, Ank2, and KH were incubated with resin, as a negative control to 

show that the Mask domains do not bind the resin.  
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Conclusions 

We have recombinantly produced constructs of Yki that include residues 1-

130, and 128-232, and the Mask domains - Ank1 and KH to > 90 % purity. 

Secondary structure analyses by CD shows that the Yki constructs are predominantly 

unstructured, while Mask Ank1 and KH are predominantly helical. We also attempted 

to map the binding site of Mask on Yki, based on a working hypothesis that Mask 

binds N-terminal residues 1-232 of Yki. The three qualitative techniques - chemical 

crosslinking, native gel shift assay, and pull-down assays that were used failed to 

detect binding between the N-terminal region (using Yki constructs 1-130 and 128-

232) or any region (using full length Yki) of Yki and the three domains of Mask. 

Interactions of the Yki-Mask complex have thus far focused on immunoprecipitation 

assays of Drosophila S2 cell lysates (Sansores-Garcia et al., 2013). Although we do 

Lane:   1      2      3     4      5     6     7 

GST 
GST-Yki 
Mask 
Resin 

 -        -        -       -       -        -        - 
+       -        -       -       +       +       + 
-      KH    A1   A2    KH    A1    A2 
-        -        -       -       +       +       + 
 

   8           10     11    12   13   14 

 +                +       +       -       -       - 
 -                 -       -       -        -        - 
 -                A1   A2    KH    A1    A2 
 -                 +       +       +       +       + 
 

Figure 13: GST-tagged Yki pull-down assay. GST-tagged Yki (arrow) was mixed with Mask KH (lane 
5), Ank1 (lane 6), and Ank2 (lane 7). Control experiments used GST alone (lane 8), GST mixed with 
individual Mask domains (lanes 12-14) or individual proteins mixed with resin (lanes 9-11). Control 
experiments used to ensure that any binding that potentially occurred resulted from Yki and not GST. 
The absence of bands corresponding to the Mask domains (lanes 2-4) is indicative of the absence of 
binding 
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not rule out the possibility that Yki and Mask may form a weak complex that is below 

the limit of detection of techniques used in this study, it is also possible that complex 

formation requires the presence of other proteins or cofactors that were absent in our 

in vitro studies.  

Future Studies 
 
 One of the major challenges in this work was expressing and purifying the 

Ank2 domain of Mask in sufficient quantities for biophysical studies. The Ank2 

domain alone or fused to the KH domain is reported to bind Yki with a higher affinity 

than the Ank1 domain. Future studies will focus on optimizing expression and 

purification protocols for the Ank2 domain, or a construct that includes both the Ank2 

and KH domains. Binding to Yki will be tested using the techniques described in this 

study. Another approach is to use a more quantitative method such as isothermal 

titration calorimetry (ITC). ITC is more sensitive than the methods used in this study 

and would allow us to detect interactions that are weaker than the limit of detection of 

the techniques used in this study.  
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