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Biological properties of reverse ankyrin engineered
for dimer construction to enhance HIV-1 capsid interaction
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Abstract

Background: Assembly and budding in the late-stage of human immunodeficiency virus type 1 (HIV-1) production
rely on Gag protein polymerization at the inner leaflet of the plasma membrane. We previously generated a monomeric
ankyrin repeat protein (Ank1D4) that specifically interacts with capsid protein (CAp24) of HIV-1, however this protein
had modest binding affinity.

Objective: This study aimed to improve the avidity of Ank1D4 by generating two Ank1D4 dimers: (Ank1D4
its inverted form (Ank1D4 with each domain connected by a flexible (G,S), linker peptide.

) and

NC-NC

NCfCN)’

Methods: Binding properties of monomeric and dimeric AnklD4 was performed by capture enzyme-linked
immunosorbent assay (ELISA). Sandwich ELISA was used to examine bifunctional module of dimeric AnklD4.
Ank1D4 - and AnklD4 . were evaluated using bio-layer interferometry (BLI), compared to monomeric Ank1D4.
Results: Similar binding surfaces were observed in both dimers which was comparable with monomeric Ank1D4.
The interaction of AnklD4 with CAp24 was significantly greater than that of AnkID4 and Ank1D4 by

NC-CN NC-NC
capture ELISA. AnklD4 . . also exhibited bifunctionality using a sandwich ELISA. The KD of AnklD4

NC-CN’

Ank1D4 and monomeric Ank1D4 was 3.5 nM, 53.7 nM, and 126.2 nM, respectively using bio-layer interferometry

NC-NC
analysis.

Conclusions: This study provides a strategy for increasing AnklD4 avidity through the construction of novel
inverted dimers with a flexible linker. Ank1D4 may provide an alternative treatment strategy for inhibiting HIV-1

NC-CN
replication.
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Introduction

Diverse antibody alternatives using non-immunoglobulin
(non-Ig) scaffolds have attracted considerable attention
over the last decade because of their compact size, stability,
and solubility.! They include knottins, Kunitz domains,
repebodies, alpha repeat proteins (aRep), and designed
ankyrin repeat proteins (DARPins).>® These scaffolds
enable specific binding to targets mediating protein-protein
interactions. Non-Ig scaffolds are advantageous therapeutic
agents because they are rapidly cleared from the bloodstream
by renal filtration.> Recently, the U.S. Food and Drug
Administration (FDA) approved the use of two knottin
peptide scaffolds: ziconotide for the treatment of neuropathic
pain by targeting N-type voltage-sensitive calcium channels,
and linaclotide for the treatment of irritable bowel disease.
Meanwhile, neovascular age-related macular degeneration
(AMD) was treated with a larger scaffold (abicipar pegol,
a DARPin).> Other larger scaffolds currently in clinical
trials include vascular endothelial growth factor A (VEGF-A)
specific  MP0112 and human epidermal growth factor
receptor 2 (HER2) specific DARPin ankyrin (MP0274).
Human DARPin specific to CD4 competes with envelope
glycoprotein (gp120) of human immunodeficiency virus 1
(HIV-1) and strongly inhibits HIV entry.* We previously
showed the specific extracellular targeting of DARPin to
capsid domain (CAp24) of HIV-1 Gag protein and proposed
that DARPin interferes with late-stage HIV-1 assembly
in vivo.”® In addition, alpha-helicoidal HEAT-like repeat
protein scaffolds (aRep) target HIV-1 Gag polyprotein
resulting in impaired viral packaging and Gag processing.?
DARPins and aRep lack disulfide bonds*” making them
suitable cytoplasmic targets in a reducing environment.

HIV remains a global public health concern, with the
efficacious antiretroviral drug therapy often causing adverse
effects due to prolonged use, which may result in drug
resistance.”® The drawbacks of antiretroviral therapy have
driven the need for the development of HIV gene therapy.
The first successful case of gene therapy tackled HIV-1
resistance in a Berlin patient with a homozygous deletion
for chemokine receptor 5 (CCR5).!" Since CCR5 participates
in several cellular mechanisms, other strategies were
anticipated. Antibodies MF85 scFV'?* and scFv 183-H12-5C"
were generated against recombinant p24 of HIV-1 to reduce
HIV-1 replication. However, incorrect folding in the reducing
environment of the cytoplasm and nucleus leads to the loss of
antibody activity. An alternative strategy using DARPins and
aRep successfully targeted Gag protein of HIV.

The function of AnklD4 as a specific CAp24 domain
inhibitor of HIV Gag should be improved since it has
low binding affinity."* Meanwhile, mutation of AnklD4 to
Ank1D4-S45Y partly improved the binding affinity from
109 nM to 45 nM in our previous work." Ankl1D4-S45Y
significantly inhibited either HIV-1 wild-type or the HIV
maturation  inhibitor-resistant  strain for intracellular
activity.!® In this study, we aimed to construct the dimeric
form of AnklD4 to improve avidity. The construction of
a functional homo-dimer requires an appropriate linker
sequence with a particular amino acid composition.

Bioinformatic algorithms previously developed to select
the proper linker sequence such as LINKER! and
SynLinker”” are no longer active. Generally, (GGGGS),
provides tremendous flexibility with leptin and single-chain
follicle-stimulating hormone (scFSH) scaffolds combined
using n = 1-3 to generate a heterodimeric structure with
a new function.” Furthermore, a homo-dimeric repebody
specific for human interleukin 6 was generated using
the G,S linker along with a SpyTag and SpyCatcher
protein ligation system to prolong its blood half-life and
enhance clearance.* Two aRep homo-bidomains (A3_A3)
and a hetero-bidomain (A3_bGFPD) connected by a flexible
linker (G,S) shows that the binding of the first A3_A3
bidomain ligand facilitates the binding of the second
bidomain.” However, connecting a-helical domains from
DARPin-DARPin fusion proteins with different bi- and
trivalent constructs requires rigid linkers to retain binding
affinity and specificity.”

Sridhar et al? previously introduced a molecular
simulation to demonstrate that natural proteins can be
swapped with certain inverted peptide sequences and that
the artificial proteins retain their native folding. In addition,
the refolding of the C-terminus of partial unfolded ankyrin
repeat protein using an intact N-terminal template structure
generated an ankyrin structure similar to that from the native
folding pathway.

We fused two Ank1D4 domains with (G,S), for structural
flexibility and solubility and considered the orientation of
dimeric AnklD4 in two platforms. The first platform
connects the C-terminus of an AnklD4 module to the
N-terminus of another module using a flexible linker
(Ank1D4 . ). The second platform was constructed by
inverting the amino acid sequence of the second Ankl1D4
module to fuse with the C-terminus of the first module
(AnklD4 . ). AnklD4 . . had a 15-fold and 36-fold
higher binding activity than AnkiD4 . . and AnklD4
monomer, respectively. Homo-dimeric Ankl1D4, . may be
a candidate for enhancing the protection efficiency of HIV
gene therapy.

Materials and methods
Design and construction of recombinant dimeric Ank1D4

NC-NC

and Ank1D4, . .
The 6xHis dimeric AnklD4 . and 6xHis dimeric
AnklD4 . gene were incorporated into plasmid

pQE-30 (Qiagen, Hilden, Germany) under the control of
the T5 promoter and transformed into Escherichia coli
strain XLI-blue (Stratagene, San Diego, CA, USA) for
plasmid propagation. Positive transformants harboring
pQE-30-6xHisdimeric Ank1D4_ . plasmid were confirmed
using colony PCR for pQE-30-6xHis dimeric Ank1D4 .
using the following primer pairs: Fw_NAnkl (5-TCC GCG
GCC GCA GAC CTG GGT AAG-3') and Rev_Ank23C
(5'-GCT AAT TAA GCT TTG CAG GAT TTC AGC-3').
E. coli XL1-blue harboring plasmid pQE-30-6xHis dimeric
AnklD4 . was confirmed using these primer pairs:
Fw_NAnkI (5-TCC GCG GCC GCA GAC CTG GGT AAG-3')
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and Rev_BstXI_AnklD4di (5-GAG AGA CCA TGG TTG
TGG TGT CCA GAC CCT TTT TCA GCA GTT CA-3).
Plasmid DNA was purified by QuickGene Plasmid kit S II
(Kurabo), sequenced (Agentide Inc, USA) and error-free
clones were selected for all experiments.

Production of recombinant monomeric and dimeric Ankl1D4
and capsid protein (H_-CAp24)

pQE-30 plasmid harboring monomeric AnklD4 and
dimeric Ank1D4 . . or AnklD4 . . were transformed into
E. coli strain M15 (pREP4) (Qiagen, Germany) and protein
expression was induced with the addition of isopropyl
B-D-1-thiogalactopyranoside (IPTG) as previously described.”
E. coli BL21 (DE3) encoding plasmid pTriEx-H CAp24
(Novagen) was used to produce recombinant H_-CAp24.

All bacteria were cultured in 500 mL Super broth: 3%
w/v tryptone, 2% w/v yeast extract, 1% w/v MOPS buffer
pH 6.5-7.9, 100 ug/mL ampicillin and 25 pg/mL kanamycin
containing 1% w/v glucose for Ank1D4 monomer and CAp24
and 0.05% w/v glucose for Ank1D4 dimers. The cultures were
incubated at 37°C with shaking until the optical density at
600 nm (OD600) reached 0.8. Protein expression was induced
by the addition of 0.1 mM IPTG for AnklD4 monomer and
AnklD4 . and 0.05 mM for AnkiD4 . . and cultured
for 16 h at 30°C for the monomer, Ank1D4, . and CAp24,
and at 20°C for Ank1D4, . ... The bacteria were collected by
centrifugation at 1,400xg for 15 min at 4°C (Eppendorf
AG, Germany) and washed twice with phosphate buffered
saline (PBS pH 7.4). The final pellet was resuspended in
PBS, subjected to the freeze-thaw technique, followed by
ultrasonic processor UP100H (Hielscher, Germany) and
centrifugation at 5,600xg for 30 min at 4°C.

Purification and quantification of monomeric AnklD4 and
dimeric Ank1D4

Soluble protein lysates were filtered and purified by
immobilized metal ion affinity chromatography using a
HisTrap™ HP column (GE Healthcare, Piscataway, NJ, USA)
containing precharged Ni Sepharose™ with a AKTA™ pure
chromatography system (GE Healthcare). The elution buffer
was exchanged with PBS using Amicon® Ultra-15 centrifugal
filter units (Merck KGaA, Darmstadt, Germany). The purity
of the recombinant proteins was assessed by 15%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and visualized using modified Coomassie blue
staining and immunoblotting. The nitrocellulose membranes
were incubated with blocking solution (2% skim milk in
PBS) for 16 h at 4°C. Proteins were bound by incubating
with monoclonal anti-His-tag antibody (Thermo Fisher
Scientific) diluted 1:3,000 in blocking solution for 2 h
at room temperature (RT). After washing with PBST
(PBS containing 0.05% Tween 20), membranes were
incubated for 1 h at RT with goat anti-mouse Igs
conjugated HRP (1:3,000 dilution in blocking solution)
(KPL). After washing with PBST, the recombinant proteins
were detected using 3, 3, 5, 5'-tetramethylbenzidine (TMB)
membrane peroxidase substrate (KPL) and analyzed
using a ChemiDoc™ MP Imaging System (Bio-Rad).

Monomeric AnklD4, dimeric AnklD4 and CAp24
concentrations were quantified using the Pierce™ BCA protein
assay kit (Thermo Fisher Scientific, Waltham, MA, USA).

Monomeric and dimeric AnklD4 binding properties with
CAp24 protein

A capture enzyme-linked immunosorbent assay (ELISA)
was used to analyze the binding of monomeric Ankl1D4
or dimeric AnklD4 with the H_-CAp24 capture protein.
A molar equivalent of immobilized dimeric (2 pg/mL) or
monomeric AnklD4 (1 pug/mL) was loaded onto the 96-well
plate, washed with PBST, and incubated with 2% w/v skim
milk in 1 x PBS for 1 h at RT. CAp24 in PBS with 2% w/v
BSA was applied to the wells with immobilized ankyrins or
control (PBS) and incubated for 1 h at RT. In house mouse
anti-p24 monoclonal antibody (G18) (1 ug/mL in PBS with
2% w/v BSA) was added and incubated for 1 h at RT. After
washing with PBST, a 1:3,000 dilution of goat anti-mouse
immunoglobulins conjugated HRP in PBS with 2% w/v BSA
was added and incubated for 1 h at RT. Ankyrin binding
properties were detected by monitoring the absorbance at 450
nm in an ELISA plate reader after adding TMB substrate.

Characterization of monomeric and dimeric Ank1D4 binding
sites by sandwich ELISA

Mouse anti-pl7 monoclonal antibody (G53) was
immobilized on the surface of a microtiter plate (Greiner)
at 1 ug/mL final concentration and incubated at 4°C
overnight. Plates were washed with PBST and incubated
with PBS in 2% w/v BSA for 1 h at RT. Each protein
was dissolved in PBS with 2% w/v BSA. Recombinant
his -matrix-capsid (H,-p17p24) was prepared from SF9 cells
as previously described” using pBlueBac4.5 transfer vector
(Invitrogen) with the Bac-N-Blue™ system (Invitrogen).
H,-p17p24 (5 pug/mL) was added to each well. Monomeric
Ank1D4 (1 pg/mL), dimeric Ank1D4 ., and AnkiD4
were added at 2 pg/mL and incubated for 1 h at RT.
Biotinylated-CAp24 2 ug/mL was added and incubated for
1 h at RT. After washing with PBST, a 1:5,000 dilution of
HRP-conjugated streptavidin (KPL) was added and incubated
for 1 h at RT. Binding characteristics were detected by
monitoring absorbance at 450 nm after adding TMB substrate.

Binding kinetic analysis

Biolayer interferometry (BLI) was performed to analyze
the binding activity of dimeric AnklD4 compared with
monomeric Ank1D4 interacting with biotinylated H _-CAp24
using the BLItz™ system (FortéBio, Menlo Park, CA).
Briefly, a streptavidin biosensor was used with immobilized
biotinylated CAp24 (loading) on the surface as previously
described." The biotinylated CAp24-loaded biosensor was
dipped into a solution containing ankyrins (association step),
followed by dipping in 2% BSA in PBST (dissociation step).
The binding association (k) and dissociation rate constants
(k ;) and the equilibrium dissociation constant (K,) were
calculated by locally fitting the binding and dissociation
curves using mathematical equations (k /k ) in the BLItz
Pro 1.1 software. The measurements were plotted using a
sensorgram in real-time.
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Results
Construction of dimeric Ank1D4

Two AnklD4 monomers were connected by a flexible
linker (G,S), to create AnklD4 . (Figure 1A) and
Ank1D4 . (Figure 1B). These dimers were cloned into
PQE-30 plasmid containing a N-terminal histidine-6 tag
and expressed in Escherichia coli M15 (pREP4). Protein
purity was verified by SDS-PAGE (Figure 2) and their
identity confirmed by immunoblotting using a monoclonal
anti-His-tag antibody. Purified proteins were found at
the expected molecular masses for monomeric (17 kDa),
dimeric Ank1D4 (37 kDa), and Ank1D4 (38 kDa).

NC-NC NC-CN

Monomeric Ank1D4 and dimeric Ank1D4 binding properties

A comparison of the binding properties between
monomeric AnklD4 and dimeric AnklD4 interacting with
CAp24 was determined using capture ELISA. Ank1D4 .
and AnklD4 . . (2 pg/mL) showed higher absorbance

in comparison with the monomer (1 pg/mL) (Figure 3).

In addition, Ank1D4 . . captured more CAp24 molecules
than AnklD4 . .. The results suggest distinct CAp24
binding behaviors of monomeric AnklD4, AnklD4
and Ank1D4

NC-NC?
NC-CN*

Bifunctional module relies on dimeric Ank1D4 interaction
with CAp24

Sandwich ELISA was used to examine whether dimeric
AnklD4 interacts with CAp24 at both binding sites
compared with monomeric AnklD4. Anti-pl7 mAb (G53)
was absorbed on the ELISA well, followed by H_-p17p24
to allow interaction with the first homodimeric module.
The second module binds to biotinylated CAp24 and
is detected by horseradish peroxidase (HRP)-conjugated
streptavidin. Monomeric Ank1D4 and Ank1D4 . . showed
similar negative results indicating that each protein has
one binding site (Figure 4). Meanwhile, Ank1D4NC_CN
exhibited a high binding signal showing that this dimer has
dual CAp24 binding sites and the binding of the first module
has a positive effect on the second.

A pQE30-AnKIDS,
RBS ATG
6X Linker
I IS Ank1D4 NC (G.5)4 Ank1D4 NC CmR AmpR
B poe-30-AnkiDs,
RBS ATG
6X Linker
I IS Ank1D4 NC (G.5)4 Ank1D4 CN CmR AmpR
Figure 1. Construction of pQE-30 plasmid encoding dimeric Ank1D4,_ . (A) and dimeric Ank1D4 _ _ (B) with (G,S),

linkers. These plasmids were expressed with a hexa-histidine tag upstream of ankyrin modules and controlled by the T5
promoter. CmR and AmpR refer to chloramphenicol and ampicillin resistance cassettes, respectively, RBS is the ribosome binding

site (AGGAGA), while ATG is the start codon.
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Figure 2. Expression and purification of recombinant
monomeric and dimeric Ankl1D4. (A) Analysis of his-tag
purified recombinant monomeric AnklD4 (Lane 1),
dimeric Ank1D4, . (Lane 2), and Ank1D4 . . (Lane 3) by
SDS-PAGE. (B) Immunoblotting of ankyrins with monoclonal
anti-His-tag antibody. M, protein molecular weight markers
and arrow, bands of interest. Apparent molecular masses of
monomeric Ankl1D4, dimeric Ank1D4 o and Ank1D4

are 17, 37 and 38 kDa, respectively.
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Figure 3. Capture ELISA determination of ankyrin binding
to CAp24. Molar equivalent immobilization of monomeric
and dimeric AnklD4 on a 96-well plate, incubation
with CAp24, anti-CAp24 mAb (G18), and detection
with HRP-conjugated goat anti-mouse immunoglobulin.
Absorbance at 450 nm was measured after adding TMB
substrate. The data are stated as the mean + SD from three
independent experiments. ****P < 0.0001 using one-way
ANOVA.
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Monomeric Ank1D4,
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NC-NC
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NC-CN

Anti-p24
mAb

Figure 4. Binding characteristics of monomeric and dimeric AnklD4 detected by sandwich ELISA. (A) Schematic
diagram of sandwich ELISA. (B) Anti-p17 mAb (G53) was immobilized in a 96-well plate to capture H -p17p24 followed by the
addition of AnklD4 monomer or AnklD4 dimers, then biotinylated CAp24. Ankyrin-bound biotinylated CAp24 was detected
using HRP-conjugated streptavidin by measuring the absorbance at 450 nm after adding TMB substrate. Anti-p24 mAb (G18)
is specific to CAp24. It is used to demonstrate the bifunctional property in this system for interpreting the binding property of

monomeric and dimeric Ank1D4.
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£
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Monomeric Ank1D4, .. Ank1D4 .
Ank1D4

Figure 5. Comparison of dimeric AnklD4 and monomeric AnklD4 binding kinetics with CAp24. The streptavidin
biosensor is immobilized with biotinylated CAp24 and monomeric or dimeric Ankl1D4 is added at 10 pg/mL. (A) Sensorgram
of binding kinetic of the association and dissociation for Ank1D4, Ank1D4, . ., and AnklD4, . . towards biotinylated CAp24.
(B) Kinetic rate constants (k and k ;) and (C) comparison of the equilibrium dissociation constant of monomeric Ank1D4,
AnklD4, ., and AnkiD4 . . were calculated by KD = k /k . The k  rate is measured in per moles per second (M's")
whereas k . is measured in per seconds (s*). The BLI analysis presented as the mean + SD from three independent experiments.

**P < 0.001 and ****P < 0.0001 were determined by one-way ANOVA. Assays were analyzed by BLItz™.

CAp24-binding kinetics of dimeric AnklD4, . and In this study, the avidity of AnklD4 is addressed by
AnklD4, .. the generation of homodimers. Generally, there are two

The binding kinetics of monomeric AnklD4, alternative empirical linkers to generate dimers: rigid and
AnklD4 . and AnklD4 . were displayed in the flexible. Recently, a DARPin-DARPin dimer was designed
sensorgram (Figure 5A). The equilibrium dissociation using a rigid linker avoiding flexible linkers that begin
constant (KD) of AnklD4, . (537 + 50 nM) and and end with a-helices.® However, the drawback of rigid
AnklD4, . (3.5 £ 2.9 nM) is significantly stronger than linkers is that relatively long structures may be required
that of the monomer (126.2 = 3.6 nM) (Figure 5B and C). if sufficient separation of protein domains is required. The
The association rate of AnklD4 . is comparable to that heterodimeric TcdB-neutralizing DARPins were created by

of monomeric AnklD4 by BLI analysis while AnkiD4,_ . joining individual monomeric DARPins via a flexible linker
is the slowest. These results strongly support the sandwich (G,S), to inhibit Clostridium difficile infection. However, the

ELISA data indicating that AnklD4 . . has two binding reverse configuration of TcdB-specific DARPin led to loss
sites, while Ank1D4,_ . has only one prominent binding site of the bispecific function.> A longer flexible linker (G,S),
with a much weaker second binding site. between DARPin monomers simultaneously recognized
two distinct FceRIa domains with the proper orientation

Discussion of DARPin units.* In addition, the (G,S), linker in bivalent
We  previously reported the interference of  DARPin G3_G3 results in high avidity against HER2.*
CAp24-specific HIV-1 assembly processes by Ankl1D4”5 In this study, we analyzed if Ank1D4 dimers (Ankl1D4,_ .
at the inner membrane. Although a reduction in viral and Ank1D4 ) with a flexible linker (G,S), have increased

production was observed, the binding affinity of Ankl1D4 avidity for CAp24 and tested for the occurrence of dual
for CAp24 marginally improved by mutating AnklD4 and binding sites.® Both dimeric forms bind CAp24 with
CAp24 using a rational design, as the interaction energies higher affinity than the monomeric form by capture ELISA
were not significantly altered.
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although AnklD4 . . has a significantly higher binding
signal than Ank1D4, . Sandwich ELISA strongly suggests
that dimeric Ank1D4 . has a bifunctional module and
captures two CAp24 molecules per dimer while Ank1D4 .
dimer and Ank1D4 monomer has only one CAp24 binding
site. These results suggest that there are conformational
differences between the binding surfaces of the two dimeric
ankyrins.

Structural analysis of the dimers was performed to
clarify the CAp24 binding discrepancy. Comparison of the
inverted second module of AnklD4 . . with that of the
original Ank1D4 shows that AnklD4 . . forms ankyrin
dimers upon validation of active amino acids residing in
the AnklD4 helix loop. Several in silico studies support
the idea that certain inverted peptide sequences fold with
a natural conformation.”* The structure of retro-protein A
forming a three-helix bundle was conserved and stabilized
using a lattice model.®*® Pal-Bhowmick et al. formerly
reported the misfolding of retro S peptide, however, it was
synthesized in vitro”” Meanwhile, ankyrin dimers were
produced in E. coli containing chaperones GrpE, DnaK
and DnaJ to support the proper folding mechanism of the
protein.?® The kinetics of reversible in vitro refolding of
unfolded ankyrin suggest that it relies on the specific
protein type.” The rapid folding kinetics of ankyrin probably
advocates this phenomenon. The novel inverted ankyrin
(AnklD4, . ) in this study retains functional binding
activity. Therefore, the parent-like structure of inverted
AnklD4 is beneficial for determining the avidity of
Ank1D4 .

The association rate among three ankyrin forms
suggested that there is a greater folding energy barrier of
intermediates in Ank1D4 ., with the initial formation of
unstructured subunits followed by folding into bifunctional
subunits.** This indicates that Ank1D4 . . and AnklD4
have different conformational structures. Ank1D4 . .
demonstrates simultaneous binding with CAp24 with its
K, (3.5 £ 2.9 nM) 36-fold lower than monomeric Ankl1D4
and 15-fold lower than AnklD4_. . (53.7 + 50 nM).
According to the capture ELISA assay, the binding activity
of AnklD4 . . is significantly lower than AnklD4_. ..
This evidence reflects superior possibly of active dimeric
form in Ankl1D4 in contrast to AnklD4__ .

NC-CN
In addition, the of biotinylated CAp24

NC-CN

distribution
absorbed on the streptavidin tip in BLI is better suited for
the active site distances in Ank1D4, . .. The proper distance
between the two targets determining the binding properties
was considered.”” If the spacing of the target is more or less
than the distance between the binding surfaces, there will not
be avidity improvements.

Although the improvement of biological function
of ankyrin dimers has been demonstrated, the X-ray
crystallography should be applied to elucidate the structures
of ankyrin dimers. The conformational structures will be an
additive to explain the different dimension of Ank1D4 . .
and Ank1D4NC_CN, which reflects the distinct binding activity.
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