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Down Syndrome:!
Extra copy of chromosome 21!

Background and Significance!

1.5-fold more protein,!
Including RCAN1!

Down Syndrome (DS), also known as 
Trisomy 21, leads to disruptions in cognitive 
and physical growth and is accompanied by 
a characteristic set of facial features.!

DS is caused by presence of a third copy of chromosome 21, expression of which 
leads to a 1.5-fold increase in the expression of ~300 proteins. One of these proteins 
is Regulator of Calcineurin 1 (RCAN1), also referred to as Down Syndrome Critical 
Region gene 1 (DSCR1), and was one of the first of these DS-associated protein 
products to catch the interest of researchers. RCAN1 has also been implicated in 
the neurodegeneration that causes Alzheimer’s disease.!

http://cdn.sheknows.com/articles/2012/10/sarah_parenting/down-syndrome.jpg!

RCAN1 functions by interacting with another protein called Calcineurin (CN). 
RCAN1 is a regulatory protein essential for normal CN signaling in the brain. In 
individuals with DS, overexpression of RCAN1 leads to misregulation of CN, 
affecting a number of cellular functions. Errors in CN function and regulation have 
been associated, besides DS, with disorders including Alzheimer’s disease and 
cardiac hypertrophy.!

CN is a calcium-dependent serine/threonine phosphatase that is highly conserved in 
all eukaryotes. One of CN’s main functions is to dephosphorylate a family of 
transcription factors called Nuclear Factors of Activated T-Cells (NFATs) so they can 
be transported into the nucleus.!

We are interested in studying CN regulation by RCAN1. Because CN is already proven to be a 
good drug target (see FK506), the ultimate aim of this research is to design a drug that 
restores the normal level or activity of RCAN1, which could lessen several neuropathological 
DS features caused by abnormal RCAN1 expression.!
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Left: Diagram of CN activity and the biological pathways it is involved in. Right: Cartoon depiction of CN 
structure, including both CN A (the catalytic subunit) and CN B (the regulatory subunit). Calcium ions 
bound by CN are depicted as blue spheres.!

CN is of vital interest from a 
medical and pharmaceutical 
standpoint, as it was shown to 
be the direct target of the 
immunosuppressive drugs 
cyclosporin and FK506. These 
drugs, which are critical for 
preventing organ rejection in 
transplant patients, prevent T-
cell activation by inhibiting CN 
function.!

Active Site!

~38 Å!

Substrates Bind CN Via Two Conserved Motifs: LxVP 
and PxIxIT!

Conserved PxIxIT and LxVP 
regions across CN binding 
partners. Conserved PxIxIT 
motifs are shown as yellow, 
LxVP motifs as green. Length 
of interceding regions is 
noted, and CN dephosphory-
lation sites are red.!

CN substrates like NFATs, inhibitors like A238L, and regulators like RCAN1 all contain at least 
one of two conserved CN-binding motifs: PxIxIT and LxVP. Other than these motifs, CN 
substrates and regulators have vastly different structures. For example, NFATs contain linking 
sequences over 200 amino acids long between the two sites. A238L, on the other hand, has 
only 17 amino acids between the two sites.!

CN with viral inhibitor 
A238L bound. PxIxIT 
d o c k i n g s i t e i s 
yellow, LxVP docking 
site is green. LxVP 
binding site has good 
overlap with binding 
site of FK506.!
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The PxIxIT-binding site on CN is better 
characterized, and structures of binding at this 
site have been available for several years. The 
LxVP site was only recently characterized by its 
interaction with A238L.!

In vitro studies require large mg amounts 
of pure protein. Both RCAN1 and CN were 
over-expressed in E. coli. An MBP tag 
(maltose binding protein) was required for 
soluble RCAN protein expression. Each 
had to undergo several rounds of affinity 
purification (IMAC), where the solid phase 
beads bind any protein tagged with a 6-
Histidine residue tag, and size exclusion 
chromatography (SEC), where the 
proteins are separated by size. Some 
studies required CN-RCAN complex. To 
form complex, SEC purified RCAN was 
added to CN before SEC.!
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Expression and Purification of Protein!

His6!
CN!RCAN!MBP!

Expression of RCAN1 protein 
tagged with MBP, a solubility 
tag, and His6, an affinity tag in 
E. coli cells!

Expression of CN protein 
tagged with His6 in E. coli cells!
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1H-15N HSQC Analysis to Determine RCAN1 
Secondary Structure!

Top left: !H-15N HSQC NMR of RCAN1 alone. Top right: 
1H-15N HSQC spectrum of RCAN in complex with CN (red) 
overlaid on top of RCAN HSQC alone (blue). The 
residues still visible do not bind CN.!
!
Right: Representation of the secondary structure of 
RCAN15 based on the HSQC experiment (positive peaks 
indicate alpha helices, negative beta strands, and close 
to zero unstructured regions); two α-helices were 
observed.!

We used heteronuclear single quantum 
coherence (HSQC) NMR to determine the 
secondary structure of free RCAN and identify 
which residues of RCAN interact with CN in the 
RCAN/CN complex.!

Comparison to the HSQC spectrum of RCAN in 
complex with CN revealed three stretches of 
flexible residues not involved in the binding 
interface, depicted as dotted lines in the diagram 
below. The HSQC spectrum of RCAN alone 
showed us the location of two alpha helices in 
RCAN’s secondary structure. !

From the cumulative ITC results, we were able to designate certain 
residues, underlined in red above, as nonessential to the RCAN-CN 
interaction. To the right is a diagram of our current understanding of 
RCAN-CN binding.!

Further Characterization of Binding Using ITC!
Once we had used NMR to determine which RCAN residues were 
not involved in CN binding, we wanted to characterize the relative 
contributions of the different regions of RCAN to the overall RCAN-
CN interaction. Isothermal titration calorimetry (ITC) was utilized, a 
popular technique used to observe the thermodynamic profile of 
binding interactions between proteins. A solution of the RCAN1 
construct of interest was injected in small aliquots into a solution 
of CN. After each injection, the heat released was measured.!

Top left: Schematic diagram of the 
RCAN1 constructs designed, and the key 
residues and motifs they contain. 
Bottom left: ITC curves for each 
construct. !

In order to tease apart the 
contributions of several RCAN 
motifs, we had to design many 
shorter RCAN constructs, shown 
to the right. We performed ITC 
experiments on all of these RCAN 
constructs and compared the 
relative dissociation constants.!

RCAN 89-164!RCAN 89-180! RCAN 151-192!RCAN 19-197! RCAN 128-192!

Further Studies!
NMR experiments were used to observe the secondary structural elements of RCAN and 
determine which RCAN residues are uninvolved in CN binding, and ITC data was employed to 
determine the contribution of each region based on experimentally determined binding curves. 
Recently, we have designed shorter RCAN1 constructs that also include mutations, leading to 
higher affinity for CN (PSVVVH mutated to PSVVIT). We aim to use these mutants to elucidate the 
complete structure of the RCAN-CN complex and where on the surface of CN RCAN1 binds. This 
information could be used to design a drug that restores the normal level or activity of RCAN1.!

Study Objective!

Once in the nucleus, NFATs are able to initiate translation of 
other genes encoding factors important for many biological 
functions including development, apoptosis, memory 
formation, hormonal control, and activation of the T-cell 
immune response. !
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