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CHAPTERR 6 
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6.1.. Abstract 

Manyy transcription factors signal their presence to the transcription initiation 

complexx via protein-protein interactions (1). Among these factors are the 

familyy of the nuclear hormone receptors that repress transcription by 

interactionn with co-repressors like N-CoR and SMRT and increase 

transcriptionn via co-activators like SRC-1, and GRIP-1. The interaction 

betweenn these proteins can be studied in vitro by binding one of them to a 

supportt which can be easily separated from the incubation mixture (usually 

glutathione-Sepharosee beads) and labelling the other so that it can be 

detectedd after electrophoretic separation (usually 35S label) (2). In this paper 

wee describe a novel non-radioactive method for studying these protein-protein 

interactionss (pull-down assay) using the interaction between the thyroid 

hormonee receptor (^ (TRfii) and the nuclear receptor interaction domain (NID) 

off the co-activator GRIP-1 (3) as a model. The required sensitivity is reached 

byy using a hemagglutinin (HA) tag and a high-affinity monoclonal anti-

hemagglutininn antibody (clone 3F10) conjugated with peroxidase in 

combinationn with a long-acting peroxidase substrate. 
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6.2.. Cloning and expression of proteins 

Wee cloned the HA-tag at the N-terminus of the TRf^ hormone binding domain 

byy first adding appropriate restriction enzyme sites using PCR to the 5' and 3' 

endd so that the TRI^ insert could be cloned in-frame with the HA-tag in 

plasmidd pBH6 (Roche Molecular Biochemicals, Germany). The 6-His tag also 

presentt in this vector at the C-terminus is not incorporated into the expressed 

proteinn because the TRR>1 stop codon is 5' of it. The HA-tagged TR was then 

expressedd in E.coli using a standard procedure (manufacturer's protocol). 

Afterr the bacteria were lysed (by sonification 2x20 s, 50 W on ice) and debris 

wass removed by centrifugation, the supernatant containing the HA-TR was 

storedd in aliquots at -70 . The HA-TRRM bound T3 with wild-type affinity (Kd, 

0.3x10"99 M). The GST-GRIP1-NID fusion containing the nuclear receptor 

interactionn domain (NID) of the co-activator GRIP-1 attached to gluthathione-

S-transferasee (GST) was expressed in E.coli as described before (3). 

1 22 3 4 5 6 7 8 

Figg 1. Interaction between the TRR,, hormone binding domain and the NID of GRIP-1. HA-tagged 
TRRMM was incubated with GST-GRIP1-NID coupled to glutathione beads as described. After 
elution,, samples were Western blotted and the presence of the HA-tag was visualized using a 
peroxidasee chemiluminescent substrate. The figure shows the dose-dependent effect of T3 on the 
bindingg between the receptor and the co-activator. Lane 1, one-quarter input; lane 2, no GST-
GRIP1-NID;; lane 3-8 increasing concentration of T3 was added to the binding reaction (0, 0.6, 1, 3, 
300 and 100 nM, respectively). 
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6.3.. Binding experiment conditions 

GST-GRIP1-NIDGST-GRIP1-NID was bound to glutathione-Sepharose beads as described (3). 

GST-NIDD beads were resuspended in binding buffer (20 mM Hepes, pH 7.9; 

800 mM KCI; 10 mM MgCI2; 10% glycerol; 1 mM DTT; 0.1% NP-40; 0.1% Triton 

X-100;; Complete (EDTA free) protease inhibitor (Roche Molecular 

Biochemicals,, Germany)). HA-TR containing lysate (8 |il) was diluted to 20 |il 

withh binding buffer containing 20 ng/ml BSA and preincubated with or without 

T33 for 30 min at 4 . Thereafter an equal volume of GST-NID beads was 

addedd (total reaction volume 40 jxl) and the incubation continued for 90 min at 

100 C whilst shaking. The samples were then spun for 20 s in a microfuge and 

thee beads were washed three times with 250 ul cold binding buffer. The beads 

weree then dried in a Speedvac and resuspended in 20 u.1 protein loading 

buffer.. After boiling for 2 min the 20 uJ samples were applied to a 10% SDS-

PAGEE gel and run at 4 mA/cm. When the bromophenol blue had reached the 

bottomm of the gel, it was blotted onto PVDF membrane (Roche Molecular 

Biochemicals,, Germany) with a Hoeffer SE70 semidry blotter (Pharmacia, 

Sweden)) using a transfer buffer without SDS and lowered methanol (15%) (4). 
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Fig.. 2. Dose-response curve of the binding of TRR>! and GRIP-1 NID. Graphical representation of 
thee dose-dependent effect of T3 on the binding between TRIi, and GRIP-1 NID. Data are 
expressedd as percentage of maximum binding and plotted as mean of two independent 
experiments.. The insert shows an enlargement of the start of the curve (between 0 and 3 nM T3). 
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6.4.. Detection of the HA-tag with 3F10 

Thee blot was blocked for at least 1 h at 37 C with 1% Blocking Reagent 

(Rochee Molecular Biochemicals, Germany) in phosphate-buffered saline 

(PBS),, where after the high affinity monoclonal anti-HA antibody conjugated 

withh peroxidase (anti-HA-3F10-POD) was added in the same buffer and 

incubationn continued for 1 h at room temperature. The blot was washed four 

timess 5 min with 0.1% Triton/PBS and then Lumil_ightp,us substrate (Roche 

Molecularr Biochemicals, Germany) was added. After 5 min the 

chemiluminescentt signal was detected and quantified using a Lumi-lmager 

(Rochee Molecular Biochemicals, Germany). Average exposure time was 2 

min. . 

Ass can be seen from the image of the gel (Fig. 1), it is possible to detect the 

HA-taggedd TR after its interaction with the GRIP1-NID. No specific binding 

wass seen without either HA-TR (not shown) or hormone (Fig. 1, lane 3). The 

interactionn between the TR and a co-activator is hormone-dependent which is 

comparablee to previous publications (3,5). The intensity of the bands was 

quantifiedd using the LumiAnalyst software and yielded the graphical 

representationn depicted in Fig. 2. The maximum binding was on average 20% 

off input, a result which is less than that found in another paper dealing with the 

TR/NIDD interaction (3). This can be explained by the fact that we use less T3 

(10"77 instead of 10~5 M) and we have Triton X-100 that is known to lower T3 

bindingg affinity (6), in the binding buffer. Furthermore, the actual relative 

concentrationss of both proteins may differ between this study and that 

publishedd previously. The shape of the dose-response curve is however 

comparablee to that of the interaction of the TR with SRC-1 in the sense that 

thee start of the curve and its plateau are at similar T3 concentrations (5). We 

thereforee offer this non-radioactive adaptation of the pull-down assay as a 

reliablee alternative to the radioactive one. 
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